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While industrialization and globalization are continuing to bridge cultural and
geographical gaps on the earth, differences still exist. Today, Developing countries are
undergoing massive urban transition; and the transition appears to pursue the path of
developed countries. However, the belief that global paths of urbanism will converge into
one road is not convincing. Many studies on urbanism have been discussed in the past.
However, these studies are mainly focused on urban areas in developed countries, mostly
located in North America and Europe. In the last ten years, researchers have done more
studies in developing areas, especially in East Asia. Though the study of urban issues in
developing countries is still basic and rough, the uniqueness of the massive urban transi-
tion in developing regions is beginning to emerge. The differences of urban space in East
Asian, Europe, and America is becoming much clearer; however, very few study have
analyzed these dissimilarities with a global scope. The purpose of this paper is to explore
the nature of these dissimilarities. Using ArcGIS data-sets for global population count
and man-made impervious surface, the study makes an international comparison of urban
landscapes. In this paper, several values will be calculated and compared. Multi-distance
spatial statistics and zonal statistics are applied as the analytical tools. This study gives a
statistic evidence that there is diversity not uniformity in modern urbanism: 1. The dis-
perse and low density American urban; 2. the clustered and high density Chinese urban;
and 3. the clustered and medium density European urban.The significant differences in
global urbanism may indicates the need for new directions for developed theories in the

future.
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Chapter 1. Introduction
Though more than half total population live in urban areas by 2016, and it’s

widely believed that more than 60% of total human will reside in cities in 2030 (UN,
2016), the future of cities are not clear. Concern about “Urban Sprawl” and “Land Con-
sumption” are frequently discussed as the growth of cities occurs around the world. More
concerns, however, is the lack of discussions about differences between global urban
areas. In other words, it is not well-understood that the problems of American urbanism is
not similar to Asian’s nor European’s. “Urban Sprawl” in North American context is not
equal to urban expansion in East Asia. “Suburbanization”, which seems to be a common
phenomenon in the U.S. is not a global problem. Urban-rural dual structure in China
also has not been observed in North America. Recent observations and records shows
that more global comparative studies are necessary. This research bases on two of these
observations.

1. The rapid urbanization in developing countries particularly in East Asia shows
a new urban landscape different from western’s (Schneider et al, 2015). Some studies
have been done to analyze these differences. For example, T. G. McGee did research on
Asiatic urbanization, and developed his theory for explaining the uniqueness of Asiatic
urban landscape. Also, comparative studies were made recently to explore differences
between Asian cities and other cities (e.g. Cao Shisong et al, 2018). These comparative
studies, however, were narrow in their scope looking on few selected exceptional cases.
This narrow view may not sufficient to reveal the universal and fundamental distinc-
tions. According to Wen Tiejun’s studies, there are three agriculture types correspond
to three continental land: capitalized big farm in America; Rhine model of medium and
small farm in Continental Europe; and Asiatic model of peasants’ ecologic agriculture of
Asian countries. Besides, research on comparative business systems also shows different

models (Choi Chongju, 2006). Modern urbanization is a process of complex conversion
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from rural to urban, and closely interrelating to finance and business. Therefore, we have

hypothesis to divide today’s urban landscape into several types. This comparative study is
for showing these potential types.

2. Traditional theory equates the process of urbanization to the growth or expan-
sion of certain settlements into cities, urban areas or metropolises. Urban studies usually
focus on selected areas defined by population thresholds, density, jurisdiction, etc. and
usually put urban spaces in the position opposite to non-urban spaces (Neil Brenner,
2013). However, today’s urban spaces are combined in many places. Urban agglomera-
tions as an evolving concept has a great impact on today’s world (Fang Chuanglin et al,
2017). Also, those non-urban spaces (suburban, rural, exurban, or otherwise) are closely
associated to urban spaces (Neil Brenner, 2013). The comparison of non-urban spaces
between America, Europe, and Asia may reveal some important dissimilarities or similar-
ities that not fully understand in preceding studies. For instance, the Asiatic phenomenon
of “Desakota” (T. G. McGee, 2008) can be compared to western concept of suburban.

This holistic study will analyze a wide sample of human built-up settlements.

Chapter 2. Study area

The feasibility of the research requires to narrow down the study area. Only cities
in mainland America, mainland China, and Continental Europe; with a population of
over three million are studied. According to the data from “Demographia World Urban
Areas, 20187, totally 63 cities/area are selected. They are: Shanghai, New York, Beijing,
Guangzhou-Foshan, Moscow, Los Angeles-Riverside, Tianjin, Shenzhen, Chengdu, Paris,
Chicago, Chongqing, Dongguan, Shenyang-Fushun, Wuhan, Hong Kong, Boston-Prov-
idence, Hangzhou, Zhengzhou, Quanzhou, Essen-Dusseldorf, Dallas-Fort Worth, San
Francisco-San Jose, Nanjing, Madrid, Houston, Miami, Suzhou, Qingdao, Xi’an, Phil-

adelphia, Fuzhou, Atlanta, Milan, Washington DC, St. Petersburg, Harbin, Barcelona,
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Dalian, Guiyang, Wenzhou, Phoenix, Xiamen, Berlin, Changsha, Rome, Jinan, Taiyuan,

Kunming, Hefei, Seattle, Wuxi, Changzhou, Shijiazhuang, Ningbo, Detroit, Naples,
Zhangjiaggang (Suzhou), Changchun, Urumgqi, Zhongshan, Athens, San Diego (sort by
population). Among these cities, 31 cities are combined in urban agglomerations that
cannot be isolated from their merged cities. These study examples will be divided into
two categories (Figure 1.3 & 1.4). 1. Urban agglomerations. Each of these study area will
include several selected cities and their related surrounding settlements; and will cover

a area of (350 km)?. 2. Solo city with its surrounding settlements. These study area will
cover respectively smaller land with a area of (200 km)>. This category will include 41
study examples.

Because spatial cluster analysis in GIS is very sensitive to study area, each study
area in one category has same size and same shape. The study boundary is not defined
by jurisdictions, but is manually divided base on global man-made impervious surface
(GMIS, 2010). The principle of defining the study boundary is to include selected cities
and their related, merged settlements, in this way, the study will analyze the selected set-
tlements regardless the traditional concept of urban or non-urban (Figure 2.1, 2.2 & 2.3).
Because the study samples are from across the globe, the projection systems will dramat-
ically influence the map output. The spatial statistics done in this way will be as accurate

as possible based one the specific projection systems (Figure 1.3 & 1.4).

Chapter 3. Data-sets
Three data-sets are used in this study. All three data are from research that was
funded and published by NASA Socioeconomic Data and Applications Center (SEDAC).
1. GMIS. Global Man-made Impervious Surface (GMIS) Dataset From Landsat,
vl (2010). 250m. This data-set covers all man-made impervious surface on the earth

except some small islands. Therefore, this data is suitable for studying surfaces at conti-
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nental scales to global scales. This data provides two kinds of resolution: 30m, and 250m.

The 250m resolution is selected in this study for ensure the speed of computing.

2. GPW. UN-Adjusted Population Count, v4 (2010). 1km. This data contains
the number of population per pixel with spatial information. The number is drawn from
national census, but adjusted to match the 2015 Revision of the United Nation’s World
Population Prospects for the year 2010. The format of this data is helpful to integrate the
population data to other sensing data. This UN-Adjusted data is useful for international
comparative study. The data resolution is one kilometer.

3. HBASE. Global Human Built-up and Settlement Extent (HBASE) Dataset from
Landsat, v1 (2010). 30m. This data masks out the human habitat surface from all imper-
vious surface, that means the inter-state highway, airport and other none-habitat imper-
vious surface will be excluded. By layering this data, this study get the most accurate
distribution of human settlements. In this data, raster value 201 represents human habitat
settlement. All raster cells that have values other than 201 will be excluded. The data

resolution is 30m.

Chapter 4. Method

The method procedure is depicted in Figure 3.

1. GMIS shows the percentage of impervious surface in one cell (250m). It con-
tains all impervious surface; however, the study only notes the impervious surface in
settlements. To exclude the roads beyond the settlement areas, HBASE is used as a mask
to clip out the settlement boundary in GMIS. Set the output as “I””. “I” shows the impervi-
ous surface percentage of settlement areas, indicating the “footprint” of settlement. GPW
(set as “P”’) adds the “thickness” on the “footprint”. The products of “I”” and “P” (set as
“E”, E=IxP) will be recorded and compared. “E” is helpful in testing the density of urban

development. The quotients of “P” and “I” (set as “D”, D=P+I) indicate the population



density on impervious surface. Both “E” and “1” show density (Figure 3.1).

The E-value maps will be reclassified into low density area (Desakota, suburban,
rural), medium density area (peri-urban), and high density area (urban core). The thresh-
old of reclassify is manually defined base on the hypothetical spatial configuration of an
Asian mega-urban region (T. G. McGee, 2008). Because of the extreme range diverse of
E-value in each study sample (eg, E-value range of Shnghai is much larger than Essen),
the threshold is set to two low values (50 & 100). Some study samples may not have high
density area (eg, Rome). “P”, “I”, “E” and “D” value will be tested in low density area,
medium density area, and high density area respectively. (Figure 3.2).

Zonal Statistics and Multi-Distance Spatial Cluster Analysis are two GIS tools be
applied in this study.

2. Zonal Statistics is used to do statistics for values in a specific area. Because the
study boundary is defined manually rather than any available demographic criteria, de-
mographic data is not qualified in this comparison. Zonal statistics for all study examples
gives us the overall understanding of population count (P); man-made impervious surface
coverage (I); population density on impervious surface (D); and urban space density (E).
These four values also are tested in low density, medium density, and high density areas
respectively (Graph 1, 2, 3 & 4). The study will figure out in what percentage the imper-
vious surface, population, and urban space fall in low density area, medium density area,
and high density area (Graph 5, 6, 7, & 8). It should be noticed that all of the values are
not “real” number, which means the P-value will not show the real population; the D-val-
ue will not show the real population density per impervious surface, etc. These values are
calculated for comparison and only useful in this study. (Figure 3.1 & 3.2).

3. Multi-Distance Spatial Cluster Analysis. In this analysis, “I”” shows the loca-
tion, and “E” will be calculated as “weights”. The output will show an important spatial

character that cannot seen visually. The outputs are “Expected-K”, “Observed-K”, and
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“Difference-K” (“Observed-K” minus “Expected-K”). The larger the “Difference-K”,

the more clustered the space is. This analysis not only tests the degree of cluster, but also
finds out in which distance the study area are most clustered (Graph 9 & 10). Before
doing this analysis, E-value maps should be aggregated into new maps (E*-value) that
have larger cells (Figure 3.3). Since the initial cell size is too small (250m), it will require
too much computing times to process. The E*-value maps are extruded in ArcScene, from

which outputs 3D views.

Chapter 5. Results

Totally five values are tested in this study, they are “E”, “D”, “I”’, “P”, and “K”.
The significant diversity of global urban space is found from the comparison of these val-
ues. The dissimilarity of China urbanism to US urbanism is obvious. It is widely under-
stand that Asiatic urban and Europe urban areas are denser than US urban areas; and this
study reinforces this understanding from a spatial statistics prospective. The concept of
“density”, however, is not clearly defined in this understanding. This study defines “den-
sity” from several aspects: 1. The footprint of urban space (I-value, man-made impervi-
ous surface percentage); 2. The “thickness” of urban space (P-value, population count);
3. The “volume” of urban space (E-value, E=IxP). 4. The degree of cluster (K-value) of
the “volume”. 5. Also, the study calculates the population density on impervious surface
(D-value, D=P-I) to test “density”.

1. Zonal Statistics Results. (Graph 1, 2,3 & 4)

The mean of E-value in China samples are higher than samples in USA or Eu-
rope. The European samples show two different ways, one of which has higher value,
though still lower than China samples, than another (Graph 1.1 & 1.2). The Standard of
deviation of E-value draws a same trend as the mean value (Graph 2.1 & 2.2). E-Value is

significantly influenced by P-value. The mean of D-value and the standard of deviation of
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D-value also show a same trend as E-value (Graph 3 & 4). These results shows that land

occupation in China is more intensive.

2. Reclassified Zonal Statistics Results. (Graph 5 & 6)

This test does zonal statistics for population count (P-value) and population
density on impervious surface (D-value) by using reclassified zones. These zones are
reclassified from E-value map (Figure 3.2). P-value percentage results (Graph 5) show
in which percentage population fall in low density area, medium density area, and high
density area. The results indicate that most percentage of population in USA samples
occupy the low density and medium density areas; while obviously higher percentage of
population in China samples occupy the high density area. “Graph 6” shows the mean of
D-value in low density area, medium density area, and high density area respectively. The
results show that in USA and Europe samples, D-Mean of High density area is not much
different from D-Mean of medium density area or low density area. However, in China
samples, D-Mean of High density area is much higher than D-Mean of medium density
area and low density area. This indicates the huge gaps between urban core and urban
margin of China.

3. Multi-Distance Spatial Statistics Results. (Graph 7 & 8)

This test shows the degree of cluster of urban space, also figures out in which
distance the urban space is most clustered. “Graph 7 shows the degree of cluster in dif-
ferent distance bands (Expected-K) for each study sample. The higher the “Different-K”
is, the more cluster. “Graph 8” shows in which distance the study area is most clustered.
The line trend indicates that China samples most cluster in a shorter distance than Europe
samples; and Europe samples most cluster in a shorter distance than USA samples. It
should be noticed that some exceptional samples in China are coastal cities whose urban
footprint are strictly restricted by geography. Therefore, these samples typically have

higher “Distance”.



4.3-D View. (Map 1 & 2)

D View is aggregated from E-value map and extruded in ArcScene. These results
helps to show the significant diversity of urban space visually. From these maps, we can
see that China samples typically have several very “tall” cells; and the cells are much
cluster. However, In USA samples and some Europe samples, the cells are much spread

and the “height” is shorter.

Chapter 6. Discussions

This study reveals the universal and fundamental distinctions of urban space
between the Europe, USA, and China. Generally, urban space in America tends to clus-
ter in larger distances than those in China or in Europe. In other words, American Cities
are more dispersed. China cities, though observed as the highly urbanized and populated
districts, are clustered in relatively smaller distances than European cities. In addition,
generally all settlement space in China have higher density than in America and Europe;
and the density difference from urban core to urban margin in China is much larger. This
study supports observations of the differences between urbanization in China and USA
from a statistical perspective. Suburbanization is a urban phenomenon that is frequently
talked in USA. Urban-rural dual structure is another urban phenomenon that being report-
ed and debated in China in these years. This study also shows the diverse urban space in
Europe.

1. Suburbanization in USA.

Suburbanization, currently regarded as a negative phenomenon, is a main problem
of American cities. However, at least at the beginning of the suburbanization movement
in early 20 century, “go to suburban” was thought to be a positive concept. This study
will not give a value judgement for any space character or urban phenomenon, but revel

the nature of these urban phenomenon from a spatial statistics way. Suburban is opposite
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to downtown. According to the density classify method (E- value) in this study, down-

town area, which is high density, occupy minor percentage of the total urban land. Subur-
ban in America, on the contrary, not only cover a large low density area, also consist of a
continuous and homogeneous space. The space character of “homogeneity”, but not just
“low density”, is the core nature of the space of suburban as understood in this study.

2. Urban-Rural Dual Structure in China.

The huge gap of development between urban and rural is being discussed in
China in recent few decades. China’s urbanization has speed up during the last decade.
Meanwhile, the urban-rural dual structure has gotten more attentions. The nation financed
rural development with a large allocation funds in last two decades (e.g. New Rural Re-
construction Movement). Though the rural area is being reconstructed and modernized,
the imbalance between urban and rural development has not solved. In last decade, the
speed of rural development has been slower than the speed of urban development. Rural
areas, though not regarded as “urban” in Chinese context, has higher density than sub-
urban in USA. Urban areas in China are not only high density, but also highly compact.
This phenomenon maybe result from strict urban planning. In China, the state owns the
urban land, but the rural land is collectively owned by village. Rural land transactions are
controlled, supervised by law and executive order. In this situation, land acquisition is
completely under the control of local governments, who become the only land provider
for real estate companies. Thus, rural land that are not requisitioned by municipal govern-
ment, will not be planned as part of an “urban” area. In this government-led urbanization,
rural is put in a weak position.

3. Medium and small cities in Europe.

This study shows the diverse urban space in Europe. For example, Paris, Mos-
cow, and St,Petersburg have space characters much like urban in China. They all have

high density in urban core, and cluster in a short distance. However, other European study
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areas show different features. Essen®, for example, cluster in a short distance, and has

low density in urban cores. Cities like Rome, Berlin, Madrid, etc, all have medium and
low density in urban cores, and cluster in a short distance. These medium and small cities
are not common in either USA or China. In USA, though density is low, these low density
urban space cover a large area. In China, urban space is highly compact, and the densi-

ty is really high. Not like the uniform urban space in USA or in China, European urban
spaces are diverse.

4. The lack of modern urban theories.

Urban theories in USA, Europe, and China are different. Their goals, preferences,
and the standpoints are built in their own context. Here are some examples. 1.The con-
cept of “suburbanization” is hardly being comprehended in China, since the “suburban”
in China is totally another kind of space (Desakota). 2. The space of urban core is much
denser in China than in USA or Europe, so transport systems cannot be copied form each
other. This can in some way explain why massive transit is more successful in China and
Europe. 3. Detached houses are popular residential model of American cities, apartments
are common in European cities, but tower buildings which have more than ten stories
become the main urban residential model in China. In this situation, community plan
problems and theories differ greatly in US and China. 4. The massive number of small vil-
lages that dotted scatter on east China and central Europe compose a settlement landscape
that not exist in USA. This indicates the the severe conflicts between rural and urban that
exist in China or used to exist in Europe are not ever become a national problem in USA.
5.The degree of disperse as well as the size and homogeneity of American urban area
distinguish American cities from others’. “urban sprawl” or “suburbanization”, a precon-
dition of many urban studies, is not a global phenomenon. Previous urban studies mainly
focus on urban phenomenon in western context, given the differences noted in this study,

these western theories for the urbanization may be inappropriate for none-western con-
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text. For instance, Schneider’s study on urban landscape in East-Southeast Asia found out

that majority of urban area are increasing in density (Schneider et al, 2015). This result
challenges the previous urban predictions that urban density are globally decline. Schnei-
der’s research indicates that a new urban landscape occur in Asia. Inspired by this ob-
servation, this study attempts to compare various urban landscapes and reveal the nature
of their spacial characters. Because of the fast changes of urban landscape in developed

countries, and the variety of urban spaces, global urban study should widen their focus.

Chapter 7. Limitations

Limitations come from both data-sets and method. 1. GMIS and HBASE have er-
rors or omit some features. Because the data is derived from remote sensing, clouds cover
and scan failure decline the reliability of data-sets. 2. GPW is calculated from global
national census, whose standards vary; therefore, the accuracy of the whole data are not
continuous. 3. Spatial Statistics test is the most important part of this study, and the test
is very sensitive to study size and shape. However, because of the massive land of study
area, their shapes and size are significantly influenced by project coordination systems.
The degree of influences are not certain. 4. This study tries to reveal the diversity of mod-
ern urban space around the world. The availability of data-sets narrows down the study
focus to China, USA, and part of Europe. South Asia, South America, Africa, the Middle

East, and Oceania should be studied in the future.
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Chapter 8. Conclusions

This study gives a statistic evidence that there is diversity not uniformity in
modern urbanism: 1. The disperse and low density American urban; 2. the clustered and
high density Chinese urban; and 3. the clustered and medium density European urban.
These kind of diversity need to be continuously recorded and further studied in the future
to determine the lessons to be learned or ignored between the different urban forms. The
results questions today’s urban theories, which focus on global identity but neglect the
complexity of differences. This study also challenges the myth that global urban will
able to be understood and even to be planned by one hypothesis. The different part of the

world should develop their own theories appropriate to their own context.
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51. Seattle
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Figure 1.3. Study Location, Urban Agglomerations
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Projection

Area Extent

Top

Left

Description

UsS

New York*

WGS_1984_UTM_Zone_18N

4575000

300000

Include New York, Phila-
delphia, Washington, DC,
and Baltimore

Los Angeles*

WGS_1984 UTM_Zone_11N

3900000

280000

Include Los Angeles and
San Diego

Chicago*

WGS_1984_UTM_Zone_16N

4800000

280000

Include Chicago, Grand
Rapids, and Milwaukee

San Francisco*

WGS_1984 UTM_Zone_ 10N

4310000

495000

Include San Francisco, San
Jose, and Sacramento

EU

Moscow*

WGS_1984_UTM_Zone_37N

6314000

260000

Moscow

Essen*

WGS_1984_UTM_Zone_32N

5850000

150000

Include Essen, Dusseldorf,
Cologne, Bonn, Frankfurt,
Brussels, Antwerp, Rotter-
dam, Amsterdam, and etc.

Milan*

WGS_1984 UTM_Zone_32N

5150000

436000

Include Milan, Venice, Bo-
logna, Florence, and etc.

CH

Shanghai*

WGS_1984_UTM_Zone_51N

3640000

60000

Include Shanghai, Hang-
zhou, Nanjing, Suzhou,
Changzhou, Wuxi, Zhang-
jiagang, Nantong, Ningbo,
and etc.

Beijing*

WGS_1984_UTM_Zone_50N

4500000

310000

Include Beijing, Tianjing,
Tangshan, Langfang,
Baoding, Cangzhou,
Dezhou, and etc.

Guangzhou*

WGS_1984 UTM_Zone_49N

2770000

620000

Include Guangzhou, Fos-
han, Zhongshan, Macau,
Dongguan, Shenzhen,
Hong Kong, Zhuhai, and
etc.

Chengdu*

WGS_1984_UTM_Zone_48N

3530000

340000

Include Chengdu, Chong-
qing, Nanchong, and etc.

Zhengzhou*

WGS_1984 UTM_Zone_49N

4018000

590000

Include Zhengzhou,
Kaifeng, Luoyang, Shang-
qiu, Xuchang, and etc.

Fuzhou*

WGS_1984_UTM_Zone_50N

3030000

430000

Include Fuzhou, Quan-
zhou, Xiamen, Putian, and
etc.

Jinan*

WGS_1984_UTM_Zone_50N

4170000

375000

Include Jinan, Jining,
Xuzhou, Linyi, Tai’an,
Weifang, and etc.

Urban Agglomerations
Study Area Size: (350 km )
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Figure 1.4. Study Location, Cities
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Study Area Size: (200 km )

Projection Area Extent
Top Left
Boston WGS_1984_UTM_Zone_19N 4790000 225000
Dallas WGS_1984_UTM_Zone_14N 3750000 595000
Houston WGS_1984 UTM_Zone_15N 3397000 166000
v | Miami WGS_1984_UTM_Zone_17N 3010000 496000
= Atlanta WGS_1984_UTM_Zone_16N 3867000 646000
Phoenix WGS_1984_UTM_Zone_12N 3800000 281000
Seattle WGS_1984_UTM_Zone_10N 5376000 455000
Detroit WGS_1984_UTM_Zone_17N 4800000 245000
Paris WGS_1984_UTM_Zone_31IN 5511000 345000
Madrid WGS_1984_UTM_Zone_30N 4540000 338000
St,petersburg WGS_1984 UTM_Zone_36N 6740000 273000
o Barcelona WGS_1984_UTM_Zone_31N 4745000 324000
“ | Berlin WGS_1984_UTM_Zone_33N 5866000 240000
Rome WGS_1984_UTM_Zone_33N 4768000 214500
Naples WGS_1984_UTM_Zone_33N 4610000 381000
Athens WGS_1984_UTM_Zone_34N 4315000 600000
Shenyang WGS_1984_UTM_Zone_51N 4716000 406000
Wuhan WGS_1984_UTM_Zone_50N 3483000 150000
Qingdao WGS_1984_UTM_Zone_51N 4105000 166000
Xi’an WGS_1984_UTM_Zone_49N 3923000 178000
Harbin WGS_1984_UTM_Zone_52N 5178000 229000
Dalian WGS_1984_UTM_Zone_5IN 4480000 329000
Guiyang WGS_1984_UTM_Zone_48N 3087000 562000
5 Wenzhou WGS_1984 UTM_Zone 51N 3208000 176000
Changsha WGS_1984_UTM_Zone_49N 3198000 593000
Taiyuan WGS_1984_UTM_Zone_49N 4270000 476000
Kunming WGS_1984 UTM_Zone_ 48N 2860000 200000
Hefei WGS_1984_UTM_Zone_50N 3620000 410000
Shijiazhuang WGS_1984 UTM_Zone 50N 4280000 175000
Changchun WGS_1984_UTM_Zone_51N 4967000 600000
Urumgqi WGS_1984_UTM_Zone_45N 4970000 413000
Cities




Figure 2. Study Location & Impervious Surface 18

Figure 2.1. Study Location & Impervious Surface, USA.

Projected Coordinate Systems: WGS_1984_UTM_Zone_I4N

Cities in Study Area: USA.
Sort by Population

(Population > 5 Millions)
2. New York

6. Los Angeles-Riverside
11. Chicago

17. Boston

22. Dallas-Fort Worth
23. San Francisco-San Jose
26. Houston

27. Miami

31. Philadelphia

33. Atlanta

35. Washington, D.C.

(Population > 3 Millions)
42. Phoenix

56. Detroit

63. San Diego
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Figure 2.2. Study Location & Impervious Surface, Europe

' : F 5

Projected Coordinate Systems: WGS_1984_UTM_Zone_3IN

Cities in Study Area: Europe
Sort by Population

(Population > 5 Millions)
5. Moscow

10. Paris

21. Essen-Dusseldorf
25. Madrid

34. Milan

36. St, Petersburg

(Population > 3 Millions)
38. Barcelona

44, Berlin

46. Rome

57. Naples

62. Athens
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Figure 2.3. Study Location & Impervious Surface, China

20

\
0

e

Projected Coordinate Systems: WGS_1984_UTM_Zone_50N

Cities in Study Area: China
Sort by Population

(Population > 5 Millions) (Population > 3 Millions)

1. Shanghai 39. Dalian

3. Beijing 40. Guiyang

4. Guangzhou-Foshan 41. Wenzhou

7. Tianjing 43. Xiamen

8. Shenzhen 45. Changsha

9. Chengdu 47. Jinan

12. Chongqing 48. Taiyuan

13. Dongguan 49. Kunming
14. Shenyang-Fushun 50. Hefei

15. Wuhan 52. Wuxi

16. Hong Kong 53. Changzhou
18. Hangzhou 54. Shijiazhuang
19. Zhengzhou 55. Ningbo

20. Quanzhou 58. Zhangjiagang
24. Nanjing 59. Changchun
28. Suzhou 60. Urumgqi

29. Qingdao 61. Zhongshan
30. Xian

32. Fuzhou

37. Harbin
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Graph 2. Value-E STD

Graph 2.1. Urban Agglomerations, Value-E STD
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Graph 3. Value-D Mean

Graph 3.1. Urban Agglomerations, Value-D Mean
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Graph 5. Value-P Percentage

Graph 5.1. Urban Agglomerations, Value-P Percentage
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Graph 6. Value-D Mean (Reclassify)

Graph 6.1. Urban Agglomerations, Value-D Mean (Reclassify)
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Graph 7. Value-K

Graph 7.1. Urban Agglomerations, Value-K
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Graph 7. Value-K

Graph 7.2. Cities, Value-K
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Graph 8. “Expected-K” When “Difference-K” is Highest 31

Graph 8.1. Urban Agglomerations, “Expected-K” When “Difference-K” is Highest
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Map 1. Urban Agglomerations

Study Area Size: (350 km )’
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Map 3. D Value Map, Urban Agglomerations

Study Area Size: (350 km )’ 52
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Map 3. D Value Map, Cities

Study Area Size: (200 km )
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Map 3. D Value Map, Cities Study Area Size: (200 km )? 55
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Map 3. D Value Map, Cities

Study Area Size: (200 km )? 56
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Figure7. Cities. D Value. 57
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