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Abstract 

 

With the high development of economic and demand for city research, an issue of detecting 

city boundaries plays an extremely important role in urbanization that promotes the progress 

of human civilization. Some critical applications such as land use, urban planning and city 

sprawl have been constantly discussed, which rely on the acquisition of city areas. For the 

better acquisition of city areas, choosing a proper method to capture city boundaries becomes 

significant where it greatly improves the value of city study. Although conventional data can 

be used to define the city boundaries, some drawbacks still exist when measuring the city 

boundaries in a global scale.  

Remote sensing (RS) data of nightlight imagery by Defense Meteorological Satellite 

Program’s Operational Linescan System (DMSP/OLS) acquired from National oceanic and 

atmospheric administration's National Geoscience Data Center (NOAA/NOGA) is applied to 

extract the city boundaries in fifty countries, of which these countries are chosen followed by 

the Gross Domestic Product that are ranked in top 50. In this study, the data distribution of 

nightlight imagery followed by heavy-tailed distribution. Head/tail breaks methods poses a 

possibility of calculating reasonable threshold and extracting the natural cities with the help of 

software based on the Geomatics information system (GIS). Another significant analysis 

about power law detecting is made by using of power law estimator from previous studies to 

check whether the extracted natural cities can match the power law distribution. 

Result shows that combination of the nightlight imagery data and the head/tail breaks method 

is capable of extracting the city boundaries and a set of possible thresholds with visual 

inspection by using the head/tail breaks method are executed. There is only one country, 

namely Belgium, cannot be processed due to its data properties. Result also address how well 

the natural cities of the fifty countries can be extracted in terms of visual inspection, among 

the chosen cities, 33 of countries boundaries can be better matched and 13 countries can 

fundamentally match the city boundaries. Meanwhile, an extended study of power law is 

provided and four countries have to be found that do not follow the power law distribution. 

From the result obtained, the study expects that integration of support data will efficiently 

increase the accuracy of extraction and more useful information can be acquired in further 

study. On the other hand, a comparative study of threshold decision needs to be verified, put it 

differently, whether using head/tail breaks method with visual inspection on extracted city 

boundaries is helpful or not. 

 

 

Keywords: nightlight imagery, extraction of natural cities, head/tail breaks method, 

threshold, power law 
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1. Introduction 

 

A majority of urban applications demand for exact city boundaries from which statistical 

information such as area calculation and population density can be obtained, which means 

how to detect city boundaries is fairly significant. Numerous conventional approaches to 

define city (e.g. administrative boundaries, population density and city size) have certain 

factor that limits its function in global scale as national rule of different countries might not 

be identical when defining the city boundaries. Therefore, it is essential to find an approach to 

naturally exact the city boundaries in the global scale. In this thesis, a reasonable method 

named head/tail breaks method has been applied to gain all possible thresholds for detecting 

the city boundaries. 

 

1.1 Background 

Urbanization is a global trend with a critical impact on social, economic, and census and 

therefore a value of the urbanization are always attributes to suitable urban measurement 

(Shukla & Parikh, 1992). For instance, acquisition of appropriate site can be used to support 

engineering construction (Dai et al., 2001). Geographic data can be used to estimate the 

development of cities for its digital and spatial properties that provides a large amount of 

information for user, by which some statistical studies of city fields can then be estimated. 

Until by now, a definition of city boundary has been expansively discussing and studying 

because there was not an accurate definition for the city which can be recognized to each and 

every aspect of requirements. It implies that more researches of extraction of city boundaries 

in global scale are needed and this is a reason why an increasing number of methods have 

been constantly designed.  

 

As scientific technologies make continuous advancements, remote sensing technology (RS) 

has been very useful in monitoring geographic data to classify the ground features and now 

RS has been widely recognized to substitute the conventional measuring methods such as 

traditional geodetic survey and digital aerial photography. The RS technique is knew for its 

applicable functions that are able to acquire data with high efficiency and precise accuracy by 

the use of a multi-band measurement integrating the functional sensors. These functional 

sensors such as visible, near-infrared and radar sensors, are applied for detecting the spatial 

changes in urban extent (Grey et al., 2003; Pacifici et al., 2008; Schneider et al., 2010), and it 

has also facilitated human beings in disaster relief and fields like geology, meteorology, 

hydrology and military.  

The RS is effective for detecting and measuring the extent of urbanization but it worth 

noticing that urbanization has been difficult to access globally. Imhoff et al (1997a) believed 

that city areas are easily confused with non-city areas and it is important to deal with such 

issue with both spatial resolution and spectral resolution. Recently, the rising resource named 
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nightlight imagery being acquired from Defense Meteorological Satellite Program’s 

Operational Linescan System (DMSP/OLS) has been proposed to detect the city region due to 

nocturnal lighting is a unique indicator of human activity, by which the city area and non-city 

area can be detached. The application of combination of nightlight imagery and DMSP/OLS 

has been first proposed by Croft in 1978 as potential urban mapping tools and then several 

studies with nightlight imagery were presented (Welch & Zupko, 1980). The night not only 

brings the darkness to human beings, but provides a possibility for humans to naturally 

explore the city study. Imhoff et al (1997b) indicated that using a nightlight sensor to 

determine the location and estimate the density of population is feasible and it has been 

constantly used on city areas at global and notional scales (Doll & Muller, 1999; Imhoff et al., 

1997b; Milesi et al., 2003; Sutton et al., 2006). According to previous study verified from 

1990 US Census, Amaral et al (2006) have examined that city areas obtained from nightlight 

imagery are only 5% smaller than actual city area, which means that applying nightlight with 

DMSP/OLS to acquire the city boundary can be acceptable. More than that, employing 

nightlight imagery to exact city boundaries has especial advantageous for its clear division, 

global extent and convenient acquisition. 

In general, combing various skills to achieve the extraction of cities is needed and threshold 

has also been mentioned in previous studies (Elvidge et al., 2009; Roychowdhury et al., 2009). 

However, the threshold gotten from previous studies have only detect the region in a small 

scale and whether these threshold can be used to extract natural cities from nightlight imagery 

in large scope have not been completely verified. Owing to the binary thinking of nightlight 

imagery emerged, the head/tail breaks method is proposed to be a threshold method in 

designing a new classification scheme for data with a heavy-tailed distribution (Jiang, 2012), 

and in defining natural city boundaries (Jiang & Liu, 2012). Previous studies have also been 

demonstrated that the head/tail breaks method is more natural than Jenks’s natural break rule 

(Jiang, 2012) and power law has been suggested to be one of the effective ways to explore the 

spatial distribution (Jiang & Jia, 2011). 

 

1.2 Aim of the study 

Although extracting the natural cities with nightlight imagery is a novel method, it has been 

previously applied in a number of applications due to its acceptable and meaningful attribute. 

However, the head/tail break rule employed with nightlight imagery in various regions has 

not been fully adopted. Because previous studies has only tested data in one or few regions so 

that it cannot be adequately reach the requirement of quantitative level, which means whether 

integrated nightlight imagery data with head/tail break to extract city boundaries need to be 

inspected. This is one of a motivation in this study and more extended studies are 

incorporated in following sections.  

 

An initial aim of this study is to explore whether combining the nightlight imagery with 

head/tail break for extracting the natural cities of the fifty countries is feasible. Some desired 
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objectives are characterized as following: 1) To demonstrate the head/tail break whether can 

be used to deal with data in a sense of global scale. 2) To find if there is a universal threshold 

or way of selecting the threshold that can be commonly applied for all kinds of situations and 

acquire Ht-index of the fifty countries. 3) To check how well the natural cities can be 

extracted with head/tail break from the nightlight imagery data based on the visual inspection. 

4) Employing the power law to examine whether the extracted city area can match the power 

law well or not. A lot of data of this study is provided thereby this thesis can also facilitate to 

someone who would like to continually study in terms of other requirements. 

1.3 Organization of the thesis  

To illustrate the writing logically, the study is organized in five parts. Obeying the following 

section, the work of this thesis from motivation to conclusion is gradually introduced. First of 

all, in section 2, some literature studies such as traditional city, natural city, normal 

distribution, heavy-tail distribution, head/tail breaks method and power law rule are 

respectively described. The nightlight imagery, data processing and visual inspection are 

included in section 3 to clarify how natural cities are gained. In section 4, the results of this 

study are found including threshold of the fifty countries, Ht-index of the fifty countries, and 

classification of the fifty countries. Besides, the discussions of this study are explained. The 

conclusion and future work related to this study are elaborated in final section. In additional, 

the reference and appendixes can also be searched. 
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2. Literature study 

 

Literatures of this study are mainly exploited in the following sections of which the first 

section concentrate on the wide definition of traditional city such as physical definition, 

administrative boundaries and population. Definition of natural cities is introduced in section 

2. Normal distribution, heavy-tail distribution is described in section 3. In order to understand 

how data of heavy-tail distribution phenomena can be solved, head/tail breaks methods will 

be represented in section 4 and section 5 is organized to give a brief background about power 

law rule. 

2.1 Definition of traditional cities 

Primarily, the terms “city” and “urban” in this study has the identical meaning, that is, the 

habitat for humans. There are some typical definitions that have been reviewed in the 

following sections. These typical definitions in terms of city study have the support of a great 

crowd and it is also considered to be representative for general use (Vlahov & Galea, 2002). 

First of all, some major approaches to define the city are based on the aspect of physical, 

geography and legal. There are three basic approaches to define the city, the first one is 

formal city, defined in terms of “bricks and mortar”-the physical expression of urban growth. 

Defining the city followed by this thinking can be easily accepted for most people in that the 

cities are defined in formal or so called external form. The second definition is considerably 

different due to the definition of traditional is defined with its function between city and 

hinterland rather than geography information or formation and the third method to define city 

with legal rule, which given by the unit of local government and administration.  

 

In additional, defining the city with administrative boundary and living population has also 

been widely acknowledged. One of the references is given by Frey and Zimmer (2001), they 

believed that to facilitate actual statistics, the definition of National City is usually decided 

according to the administrative boundary or the number of population living in certain regions. 

Moreover, census data is also used to define the city in U.S. (Eeckhout, 2004). On the other 

hand, the city research always refers to the statistics application, such as land use, population 

even the health and education. To extensively define the city, there are also several other 

methods applied, such as number of population, population density, human habits and 

behaviors.  

 

However, there are certain subjective problems which might affect the definition of cities in a 

national level. This is because not all the countries can be defined with equivalent rules. Jiang 

and Jia (2010) have proposed that the city definition defining in legal and administrative is 

sometimes subjective or even arbitrary. For example, big difference will exist when defining 

according to population. In the United States, a region is defined as a city if the population is 

more than or equal to 2,500; In Denmark, a region is defined as a city if the population is 
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more than 250; In Japan, however, more than 5,000 people are living in a narrow and small 

region (Frey & Zimmer, 2001). When it comes to the administrative, the dividing methods of 

administrative regions may sometimes be subject to the influence of trans-administrative 

regions, or even trans-country boundaries. The satisfied result to reference the administrative 

depends completely on its accuracy and feasibly; in social factors, the defining method of 

dividing urban and rural areas with human habits and behaviors is also deficient. Firstly, 

defining the human behaviors and habits in city and rural areas is decided by the present 

situation of the country or the region and thoughts of definers. Secondly, human activities in 

many so-called rural regions where the population is small and in low density are still using 

the methods of urban regions, which mean the definition of urban region will result in 

confusion and great arbitrariness (Frey & Zimmer, 2001). 

To clearly indicate what kinds of methods that are usually applied, the united nationals data of 

228 countries are shown: 108 countries use administrative boundary to define a city (i.e., 

living in the capital city), 51 countries use size and density (i.e. number of people per square 

kilometer), 39 countries take functional features (i.e., economic activity), 22 countries have 

no definition for a city and 8 countries take all definitions (e.g. Singapore) or none (e.g. 

Polynesian countries) of their population as city (Vlahov & Galea, 2002). It can be thought 

that the defining method of traditional city should not only refer to conditions of local 

countries, but also divide according to the purposes of use. This is a reason why there are 

many definitions being used in different countries.  

2.2 Definition of natural cities 

Recent years, there are some methods that it has been suggested to define the natural cities 

and that it also has been attracting much attention for its advanced and particular thinking. 

Importantly, what is the natural city and how to define the natural city need to be indicated. 

One of the acceptable explanations is proposed by Jiang and Jia (2011), they believed that the 

natural cities are mainly divided by basing on human activities and it can define as: Where 

there are human activities, there are cities. This is a bottom-up defining method that is more 

objective and reasonable therefore influence of subjective assumptions on the result of 

classification in the process of data processing can be avoided.  

Jia and Jiang (2010) ever adopted an approach that utilizing the street nodes to define the city 

boundaries as they believed that city area should always be defined around human’s activities. 

It can be seen that so called natural cities are defined with objective thinking, which does not 

completely rely on the conventional principle. In additional, there are also some new methods 

which have been used to define natural cities. For example, Holmes and Lee (2009) define 

cities as individual cells bounded by six-by six-mile grids. Density surface of street junctions 

based on kernel density estimation is also applied for defining the city boundaries (Borruso, 

2003; Thurstain-Goodwin & Unwin, 2000). Rozenfeld et al (2009) found the new approach 



12 

 

that city boundaries can be automatically acquired by clustering populated sites with a 

prescribed distance.  

In this study, the remote sensing technique has also been of great help to process data for its 

effective and real-time ability to define the natural cities and it also monitor the city 

development at a range of spatial scales (Tatem & Hay, 2004). When it comes to the 

nightlight imagery, Elvidge (2009) deemed that nightlight imagery enable to obtain the 

information in a globally consistent manner that normal or traditional way is unable to 

achieve. For example, population density, gross domestic product and poverty. Importantly, 

the binary thinking has taken place in the nightlight imagery when measuring the city 

boundaries from which two types of land can be classified, of one is lighting region and 

another is dark. In this manner, the lighted area and dark areas can be identified easily where 

it can also be used to identify regions of intense human activity (Croft, 1973, 1978). 

Compared with those methods that do not define regions with human activities as city region, 

this city-defining method is undoubtedly more in accordance with the law of nature and 

people’s ideas.  

2.3 Normal distribution and heavy-tail distribution 

By extension, everything around human could be explained by the numerical way even 

human itself can be regarded as the numerical value in terms of the whole world. Numerical 

value is widely applied in our daily life for which it is able to establish some distributions that 

have been frequently used by humans, which were named normal distribution or Gaussian 

distribution. In a normal distribution, all the value is distributed around the mean value (See 

Figure 1). The easiest way to explain such situation can reference to the heights of human 

beings, supposing that most humans has a height ranging from 170 cm to 200 cm, with an 

average of about 185 cm. However, people who are less than 170 cm tall and more than 200 

cm tall is minority. In this way, the height of 185 cm is taken as the mean value and the less 

common heights are distributed around it. Besides this, for example city size or speed of cars 

also has been applied to the normal distribution. 

 

 

Figure 1: The illustration of normal distribution 

As a kind of probability distribution, heavy-tail distribution can even be considered as a kind 

of random variable distribution that is in more extensive use than normal distribution (See 
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Figure 2). However, the heavy-tail distribution represents the world in a totally different style. 

In heavy-tail distribution, the phenomenon of “a light head and a heavy tail” was universal. In 

detailed, a small number of bigger values are distributed in the head while a great number of 

smaller values were distributed in the tail. It means that a small number of matters account for 

enormous significance, while large amounts of matters are just relatively secondary. Broadly 

speaking, it was used for describing the overall serious disequilibrium in internal property of 

large amounts of complex systems.  

 

Figure 2: The illustration of heavy-tail distribution 

The Italian economist, named Vilfredo Pareto was the first person who found heavy-tail 

distribution in 1906 and who took the stock market as an example, thinking that 80% 

investors are thinking of how to make money while 20% investors are considering strategies 

of how to deal with the situation of losing money. Later on, Zipf (1932) also discovered when 

studying the appearing frequency of English words that: if words are listed in a sequence of 

appearing frequency from the most to the least, it will discover that only a very small number 

of words are often used while a great number of words are seldom used, which was later 

named as Zipf distribution. And quite often than not, the 20% investors make long-term profit 

and the 80% lose money at last, which was famous as the 80-20 principle. Moreover, 

Heavy-tail distribution has also been discovering the length of streets (Jiang, 2007) and so 

forth. 

 

 

Figure 3: Distribution of the nightlight imagery 
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The distribution of nightlight imagery (Figure 3) can be theoretically followed by the 

heavy-tail distribution, as there are only a few high values but a large amount of low values. 

Under this principle, the x axis from 1 to 63 was represented as the digital number and the y 

axis from 0 to 4547298 was represented as the histograms that show how many pixels each 

digital number has. 

2.4 Head/tail breaks method and Ht-index 

As a permanent component of human thinking, binary thinking will divide many natural 

phenomenon into 2 types, such as the many and the few, the long and the short, or the rich 

and the poor. Nevertheless, the two divided parts are usually unbalanced in the heavy-tail 

distribution. As previously discussed, such distribution is often accompanied with light head 

and heavy-tail phenomenon. To naturally process the data, Jiang (2012) come up with a new 

division rule, named head/tail breaks, to decide the break line dealing with data of heavy-tail 

distribution. Briefly, this is a kind of classifying method that focusing on low frequency 

(more important) or head portion to handle the data until the data is no longer with heavy-tail 

phenomena. Head/tail breaks method is also a way to obtain the threshold that might be 

applied in classification processing. Jiang (2012) think that events that human think in small 

quantities are always more meaningful than things in large quantities; Zifp (1949) also 

indicated that small cities are far larger than big cities in number. 

 

The head/tail breaks method can be used as that if the given data are heavy-tail distribution. In 

this study, only few but important regions stands for “city” while more but less important 

region stands for “non-city”. The low frequency event in this study is the number of 

distribution of natural cities. Considering the concept of traditional city-defining, it is possible 

to suppose that regions with frequent human activities and regions with highly dense 

industrialization and urbanization are inseparable, which is corresponding to the using of 

nightlight imagery in which the dark region stand for regions with low degree of 

industrialization and urbanization even non-industrial area and the lighted region stands for 

industrial regions with higher density of urbanization. This is because the dark region always 

account for majority percentage while the lighting region only account for minority 

percentage. Therefore, the head/tail breaks method meet the requirement to process low 

frequency are acceptable. 

 

Jiang (2012) defined that “the head/tail breaks method partitions the data values into two parts 

around the arithmetic mean and continues the partitioning for values above the mean 

iteratively until the head part values are no longer heavy-tail distribution”. For the purpose of 

this study, using the head/tail breaks methods to extract the natural cities is a processing of 

constantly calculating, the mean value calculated by the head/tail breaks methods is used to 

divide data into two parts, one is stand for head part and another is stand for tail part. Whether 

needing the new mean value depended on if the percentage of the head part is still less than 

50% which means if the percentage of the head part is less than 50%, the new mean value 

(m1, m2, and m3 is orderly calculated) should be calculated and it should always be higher 
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than the previous mean value (Figure 4). Consequentially, the calculation of mean value will 

stop until the percentage of head part is over 50%. Those calculated mean values are regarded 

as the possible threshold that will be applied to reclassify data.  

 

Figure 4: The iterative calculation of mean value 

On the other hand, in order to have further explanation of iterative calculation and its meaning, 

a concept named hierarchical level (Ht-index) has been proposed to captures the inherent 

hierarchy of geographic features. Jiang and Yin (2013) claimed that geographic features has 

an Ht-index if the pattern of far more small things than larger ones and he also believed that 

the higher the Ht-index, the more complex the geographic features. In this study, the Ht-index 

is derived from the head/tail breaks method to detect the Ht-index of the fifty countries. 

 

2.5 Power law rule 

Power law is one of the novel ways that provided a lot of potential possibility for people to 

realize the world. Newman (2005) believed that power law is closely related to our daily life 

where it has been widely applied in physics, biology, earth and planetary sciences, economics 

and finance. Clauset et al (2009) also deemed that power law rule is one of the fantastic 

performances and mathematical properties numerically explain the natural and man-made 

phenomena. There are some attractive perspectives have been proposed by power law, which 

reasonably interpreted the man-made phenomenon and principle. One of the cases is given by 

Auerbach (1913) who first discovered the city size distribution could be approximated by a 

power law distribution. Another study proposed by Jiang and Jia (2011), employed power law 

to detect all the cities from America. The power law distribution, mathematically, can be 

regarded as one of the typical heavy-tail distributions that majorities of matters which seem 

complex are in fact can be expressed by simple principle. For example, the statistic of sea 

level, distribution of population in city and the frequency of word being used are all belong to 

the power law distribution. A quantity x obeys a power law if it is drawn from a probability 

distribution (See equation 1): 

                          (1)
     

 



16 

 

α is the scaling parameter of the power law that always lies in the range 2< <3. Only a few 

empirical phenomena can follow power laws for all values of x, in this case, power law 

applies only for values greater than some minimum Xmin (Clauset et al., 2009). for the better 

understanding of this principle, the power law can be expressed as exponential distribution as 

following (Equation 2):  

                         y=x
-α 

                           (2)  

Where x is the object of variable, y is the probability of event and α is the exponent parameter 

of power law. One of the methods has been used is mathematically taking logarithms from 

two sides and check if a straight line appears then the empirical data whether match the power 

law rule can be examined (Equation 3). 

lny =- lnx                        (3) 

However, there is an error suffers in the logarithmic tail of the distribution, of which the end 

of the logarithmic tail will be messy as each bin only has few samples. A suitable way to 

decrease such error is taking advantages of cumulative density function given by Clauset et al 

(2009). In order to obtain some critical parameters such as  (alpha and p-value, maximum 

likelihood estimators and Kolmogorov-Smirnov (KS) test is respectively applied to quantify 

and identify the power law distribution. As previously explained according to the 

mathematical equation, the parameter of  (alpha) represents the slope of straight line as an 

exponent index and the Xmin is the smallest value that power law hold. However, Clauset et al 

(2009) believed these two parameters cannot provide as much as they were expected about 

whether the power law is a plausible fit to the data. Therefore, p-value generated by 

goodness-of-fit has been proposed to examine how far they fluctuate from the empirical data 

and hypothesized data. If the p-value is large (close to 1), the differences between the 

empirical data and the model data can be detected, which means that the empirical data match 

the power law rule. Otherwise, the model is not a reliable fit to the given data. 

Except checking the p-value, another approach can be applied in testing whether the data 

match the power law distribution or not is observing fitting distribution generated by 

 (alpha) and Xmin. This methods visualized a power law distribution with empirical data 

through plotting (on the log axes) the data contained in x and a power law distribution of the 

form p(x) ~ x^-alpha for x >= Xmin. If the distribution of the empirical data is likely to match 

the power law distribution, then it could be looked upon as a distribution that matching the 

power law distribution. This study examined all the p-values of the fifty countries by means 

of KS test and represented the fitting distribution based on those countries that cannot be 

regarded as the power law distribution plotted by  (alpha) and Xmin. 
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3. Extraction of the natural cities 

 

The source of nightlight imagery for this study is explained in the first section and detailed 

parameter of nightlight imagery can then be found. Next, how natural cities were extracted 

and power law detecting will be introduced in section 2. Much more detailed illustrations 

about threshold decision and visual inspection will be represented in section 4. 

3.1 Data description and Study area 

The nightlight imagery is supported by the National Oceanic and Atmospheric 

Administration's National Geoscience Data Center (NOAA/NGDC) obtained from the 

Defense Meteorological Satellite Program's operational line scan system (DMSP/OLS). The 

OLS sensor consists of two telescopes and a photo multiplier tube (PMT) of which these two 

telescopes consist of a visible telescope and an infrared telescope. The detail properties of 

these sensors are shown in Table 1.  

Table 1: The specification of OLS 

 

There are some problems that might influence accuracy of data, such as low levels of light 

energy, cloud factor as the low levels of light energy cannot be entirely detected by satellite 

sensor and the cloud will also have an impact on the reflectivity of lights. However, these 

problems were solved from NOAA/NGDC by enhancing the sources emission and removing 

the cloud (Elvidge et al., 1997). In this study, the nightlight imagery of 2010 is applied where 

it can be downloaded for free with low resolution of 2.7 km. The nightlight imagery data has 

been digitally screened for cloud and made by compositing hundreds of orbit swaths. Each 

satellite dataset are 30arc second grids, spanning -180 to 180 degrees longitude and -65 to 75 

degrees latitude. In this study, the visible band that has 6-bit quantization and digital number 

(DN) value from 0 to 63 is used to spot the city areas. The digital number represents the 

cumulative percentage of lighted pixel. I.e. the higher pixel value, the lighter that particular 

pixel will be. 

 

Before the data processing, the nightlight imagery has been systematically processed by 

NOAA/NGDC including following steps such as data collection, data rectification, and 

aggregation of a large number of nightlight OLS orbital imagery. Furthermore, the stable 

lights produced by cities, towns and industrial facilities have been identified through time 

series analysis therefore those short lights such as fires and lightning cannot be recognized as 

the light area (Imhoff, et al., 1997b). A serious problem of using the nightlight imagery from 

DMSP/OLS is blooming effect (Imhoff et al., 1997b; Welch, 1980), which is a systematic 

error in the processing of nightlight imagery increase in apparent areas due to sensitive of 
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OLS sensor. Imhoff et al (1997b) indicated that blooming is much evident due to sensor 

detector saturation and bleeding between detectors and it also caused by reflected light onto 

bodies of water. Single nightlight imagery from DMSP always has blooming but it could be 

compounded on composite data. The blooming will effect of enlarging small towns and also 

expanding the boundaries of large cities. However, Due to less frequently in the nightlight 

imagery data, head/tail breaks method has been carried out to reduce noise and blooming, 

which the blooming can be solved and the city area can be detected. 

 

In this study, the experimental data of the fifty countries were chosen according to the ranking 

of gross domestic product (GDP) in 2010, and they should also be located on five continents 

(see Figure 5). There are some particular situations in this study, which only main land of 

USA was used, excluding Alaska as there was less distribution of nightlight data. On the other 

hand, Hong Kong and Singapore were also eliminated since Hong Kong was included in 

China region and city size of Singapore is definitely small, which means that the cities area 

cannot be acquired through lighting from nightlight imagery. In this case, another two 

countries (Kuwait and Kazakhstan) were added for adequately quantifying the experimental 

data.  

 

 

Figure 5: The fifty selected countries  

(Note: The selected countries are included :USA, China, Japan, Germany, France, UK, Brazil, Italy, 

India, Canada, Russia, Spain, Mexico, South Korea, Australia, Netherland, Turkey, Indonesia, 

Switzerland, Poland, Belgium, Sweden, Norway, Venezuela, Austria, Saudi Arab, Argentina, South 

Africa, Iran, Thailand, Denmark, Greece, Colombia, Finland, Malaysia, United Arab emirates, Portugal, 

Egypt, Israel, Ireland, Chile, Philippines, Nigeria, Czech republic, Pakistan, Romania, Algeria, Peru  

and Kuwait, Kazakhstan). 
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3.2 Software and data processing 

GIS provides the possibility for user to perform and analyze the data by use of spatial and 

geographic characteristics (Frank, 1992; Pinho & Oliveria, 2009). ArcGIS is one of the most 

common software applied within the GIS field, providing a complete environment towards 

spatial analyzing, from which it will be used to process the data in this study. The other 

critical software called Matlab is regarded as an interactive system for numerical computation 

Microsoft Excel was also applied to store the data of digital number in order to calculate the 

threshold based on the head/tail breaks method.  

 

Figure 6: Nightlight imagery in a global size 

First step, download the nightlight imagery of 2010 at following website (See Figure 6): 

http://www. ngdc.noga.gov/eog/dmsp/downloadv4composites.html, the description of this 

data is the average visible, stable lights and cloud free coverage named F182010. Then, for 

the better purpose of processing with fifty countries, each country should be correspondingly 

extracted by ArcGIS 10 through clip tool. To completely match the city boundaries, the 

nightlight imagery and layer of country boundaries were projected in projection of WGS 1984. 

The data of rectification is not required due to large volume of data. After the fifty countries 

have been correspondingly acquired, using the head/tail breaks method to calculate all 

possible thresholds.  

 

It should be noticed not all countries can be extracted directly by use of head/tail breaks 

method due to some noise problems. For instance, some countries their DN value was 2 while 

the first mean value was also equivalent to 2. Under such circumstance, the head part and tail 

part cannot be smoothly calculated complied with head/tail breaks method. For the purpose of 

this study, the head/tail break methods has been specifically modified, by which the first 

mean value calculated by head/tail breaks method will be manually adjusted to a value that 

was 1 larger than initial value for some countries. In other words, in case that the first 
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calculated mean value of Australia is 2, it can be manually adjusted to 3, and after this 

modification, head/tail breaks methods can then be smoothly carried out. Besides, there is a 

regular modification that will be introduced in Appendix A. After calculating all the possible 

threshold, classification is requested through reclassify tool and manually input every possible 

threshold as a break values. After that, the data are reclassified and it can be transferred to 

vector format for further work via vectorization function.  

 

Vectorization is a critical function that transfers the data from raster to vector in order to 

effectively manufacture the nightlight imager in ArcGIS. One major purpose in this study 

with vectorization is to inspect the wellness of the natural cities in the fifty countries can be 

extracted, which is based on the option namely, Generate features, under the vectorization. 

Under this case, all possible thresholds can be examined through visual inspection (see 

section 3.4) and the natural cities can then be acquired. A simplification is also required via 

Simplify polygons from ArcGIS 10 to reduce those small polygons which cannot be identified. 

Next, these polygons were calculated according to the corresponding geographic coordinate 

system and projection coordinate system (See Appendix B). For the aim of calculating the 

city areas, there are some types of projected projection being applied such as Albers equal 

area projection and lambert azimuthal conic equal area projection. Cylindrical equal 

projection applied for a few countries located in or close to the equator, such as Indonesia, 

Colombia, and Malaysia. The details choice of how coordinate systems are selected in terms 

of the fifty countries is listed in Appendix B.  

 

Figure 7: Data processing of nightlight imagery 

After the areas of natural cities have been obtained, it could be work with power law detecting. 

As previous introduction, power law detecting is able to detect if extracted areas can fit the 

power law distribution by certain computer programing and some potential findings can then 

be revealed. Some previous studies have stated that p-value of 0.05 is commonly used to 

examine if the empirical data can match the power law distribution, which means those 

p-values that are larger or equal to a p-value of 0.05 will be deemed as the power law 

distribution (Jiang & Jia, 2011; Clauset et al., 2009). The p-value of 0.05 is also required to 
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detect the power law distribution from the empirical data in this study. First of all, the power 

law estimator can be found in the following website:     

http://tuvalu.santafe.edu/~aaronc/powerlaws/. Three existed programs, namely, plfit.m, 

plplot.m and plpva.m were to respectively detect the  (alpha), fitting distribution and 

p-value. In order to clearly formulate above steps, the working flow of this study is depicted 

(See Figure 7).  

3.3 Threshold decision through visual inspection 

Threshold should have various definitions in different applications but there was only one 

meaning in this thesis, which is a critical value for reclassifying the satellite imagery into two 

sides: one are represented as the city region and the others are represented as the non-city 

region. Generally speaking, threshold will have greatly impact on extraction of natural cities 

derived from the nightlight imagery and this processing is similar to a processing of 

self-organized criticality, which can be explained as follow: the system is formed by a large 

amount of interactive components naturally develop towards self-organized criticality, when 

the system reaches such criticality, even small interference may result in tremendous 

influence, the similar phenomenon is named as sand-pile model, proposed by Wiesenfeld 

(Bak, 1996). For instance, 15 of threshold would achieve decent effect, as 14 of threshold or 

16 of threshold might have certain extent of gap. In this case, how to choose an acceptable 

threshold would be significant in some way. In fact, no threshold can be directly accepted 

through head/tail breaks method in this study as it is difficult to know which threshold would 

be better. However, which threshold is accepted could comply with visual inspection. 

Visual inspection is a universal method of data analysis, data acquisition, to facilitate human 

production and daily life, which has been widely applied as one of the effective approaches 

applied in the GIS and RS field. Lillesand et al (2008) indicated that image interpretation is 

best learned through the experience of viewing hundreds of remotely sensed images 

according to the specific fields of application, part of image interpretations in remote sensing 

technique need to be relied on the visual inspection to identify the elements on the ground, 

which are more accurate than interpretation made by computer. Additionally, visual 

inspection is also the most extensively used method in aircraft surface inspection (Gunatilake 

et al., 1997). In this study, the head/tail breaks method is able to calculate possible available 

threshold and visual inspection was adopted in this study to filter thresholds for determining 

which threshold is more suitable to reclassify the data.  

http://tuvalu.santafe.edu/~aaronc/powerlaws/
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Figure 8: Detecting city boundaries in terms of threshold selecting 

(Note: Red polygons= the most suitable one, Green polygons= the city areas are larger than city area, 

Blue polygons= the city areas are smaller than city area). 

In this study, visual inspection will be examined by polygon features that irregularly situated 

on the raster map (Figure 8). For the purpose of indicating how threshold can affect 

acquisition of natural cities, different layers applied with different thresholds will always be 

placed with a resolution of 1: 500000. In this study, the study have defined there are some 

types which can be classified regarding definition of natural cities, of which the city 

boundaries of first type are represented as red polygons that are taken as the most suitable 

region to visually match the city boundaries, defined as “good”, the city boundaries of second 

type are represented as green polygons are taken as those areas which are larger than light 

areas (natural cities), defined as “eligible ” and the city boundaries of the third type are 

represented as blue polygons are taken as those areas which are smaller than light areas 

(natural cities), defined as “eligible ” as well. In order to have a clear understanding, there 

should be compared with the same resolution and then check which boundaries are suitable 

through edge discrepancies (Figure 8 lower right). It can be seen that adopting visual 

inspection to examine those appropriate threshold mentioned above can greatly improve the 

accuracy of extraction. 
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4. Results and discussions 

 

Based on the methods mentioned above, the city boundaries of the fifty countries extracted by 

DMSP/OLS are achieved. In this section, all possible thresholds of the fifty countries are 

shown and how well the city boundaries can be extracted is also represented in terms of visual 

inspection. An extended study of power law in the chosen countries has been explored 

including the parameters of the fifty countries as well as the power law fitting. After that,  the 

discussion will be mentioned regarding the whole study. 

 

4.1 Possible threshold and Ht-index by using head/tail breaks method 

The threshold situation of how the fifty countries selected is shown in Table 2. In the view of 

visual inspection, the most thresholds were chosen under the second mean (M2). Statistically, 

the selection of threshold of 37 countries was chosen in the calculation under the second mean 

(M2); the selection of threshold of 11 countries was chosen under the first mean (M1) while 

only 2 countries with the threshold under the third mean (M3) was chosen.  

 

Table 2: The threshold situations and the head percentage in the fifty countries  

 

(Note: The red box determined by visual analysis of map; M1=First mean, M2= Second mean, M3= 

Third mean, M4= Fourth mean, M5= Fifth mean; H1%= Head 1%. H2%= Head 2%, H3%=Head 3%, 

H4%=Head 4%, H5=Head 5%; 0 value described the situation of how the initial data was artificially 

adjusted, details of how these data are processed can reference in Appendix A.) 

According to the table 2, it can also be found out that the scope of threshold selection under 

the second mean (M2) is tremendous where the minimum value as the threshold has been 

distributed from 11 to 44; the threshold has been distributed under the first mean (M1) is from 
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minimum 3 to maximum 39. India and Pakistan has imminent value in terms of selection of 

threshold, which the values are 22 and 21, in correspondingly. The percentage of head 

concerning the 37 countries has been distributed from minimum 25 (Australia, Mexico) to 

maximum 50 (South Korean); the percentage of head concerning the 11 countries is from 

minimum value 4 (Peru) to maximum value 23 (Israel); the percentage of head concerning the 

two countries is 32. On the other hand, the risen result gave consequence that there was no 

threshold being calculated under the fourth mean (M4). The result also shown the “visual 

thresholds” have frequently located under the second mean as the selection of threshold, but 

the universal threshold for detecting the most natural cities in the fifty countries is not existed. 

 

Meanwhile, the hierarchical level of the fifty countries is also depicted as follow (See Table 

3). The result shown that the Ht-index of fifty countries have been examined where the most 

of them are larger or equal to 3 and only few countries are less than 3. This means that most 

countries have the complicated geographic features. In this way, the regulation related to the 

Ht-index of this study can be supposed as follow: If the data has a lower Ht-index, the lower 

Ht-index option is employed and the more accurate result can be obtained. 

Table 3: Hierarchical level for the fifty countries (Note: Ht-index= hierarchical levels) 

 

4.2 Classification of the natural cities in the fifty countries 

For the purpose of better showing how well the natural cities can be extracted, the extracted 

natural cities of the fifty countries are described according to the visual inspection (See Table 

4). 36 of 50 countries can be defined as good, 13 of 50 countries can be defined as eligible 

and only Belgium belongs to ineligible due to its wrong calculation in terms of head/tail 

breaks method. It means at least 72% of the countries can be classified well, to indicate most 

natural cities can be successfully carried out based on the visual inspection.  
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Table 4: The classification of the natural cities in the fifty countries 

 

(Note: G=good, E=eligible, I=ineligible, Accuracy: G>E>I; Red box means the city boundaries are 

exactly acquired; Green box means the city boundaries are basically acquired and they are larger than 

natural cities; Blue box means the city boundaries are basically acquired and they are smaller than the 

natural cities; Purple box means the city boundaries cannot be acquired due to the wrong calculation in 

previous step). 

 

There are five countries have been found that the extracted boundaries are slightly larger than 

the cities areas, including Canada, Russia, Israel, Chile and Algeria. What they have in 

common in the calculative principle is that their thresholds are relatively small and under the 

first mean, which led those area close to the city areas might have been misclassified. On the 

other hand, these countries may have a large territory but relatively less landscape are 

regarded as city. Besides, there are eight countries which shown their extracted boundaries are 

slightly smaller than the cities areas including Brazil, Indonesia, Argentina, United Arab, 

Egypt, Nigeria, Pakistan and Kuwait because of large thresholds chosen led only those 

relatively small regions would be regarded as city. Although the head/tail breaks rmethod is 

uniformly applied to dispose the nightlight imagery of the fifty countries, the result has also 

shown that the extent of different countries is not equal. It is indicated more or less that 

extraction of natural cities in this study not just depends on the classification method but the 

defition of city is also critical. 

4.3 Power law for natural cities 

The power law estimator was made and the alpha and p-value are orderly noted in Table 5 in 

terms of the fifty countries. The city distribution of four countries has been found that cannot 

match the power law distribution and its fitting distribution can be checked in Figure 9. They 

were: Germany (0.04), India (0.04), Spain (0.04) and Israel (0.02). Results have shown that 

the alphas of the fifty countries are ranging from 1.9 to 2.5. On the other hand, different 
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countries have almost different p-value so it can be supposed that using p-value to distinguish 

the natural cities with regard to spatial study is possible, which means that various countries 

can be distinguished by p-value to some extent. There are some especial issue that some 

countries have identical p-value but their alphas are totally different, for example Germany 

and Spain.  

 

Table 5: The parameters of the fifty countries (alpha, p-value). 
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Figure 9: Power law fitting (Germany, India, Spain, and Israel) 
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4.4 Discussion 

The nightlight imagery is capable of providing a global scale to explore the city study, but its 

resolution of 2.7 km is still weak compared to conventional data such as Landsat TM data of 

30 m. In this way, there are only relative big cities can be spotted through nightlight imagery 

under such resolution leading those small cities or the cities followed by the national 

definition may not be classified as cities. However, the classification methods carried out by 

conventional data such as supervised and unsupervised classification have high environmental 

requirements that are interfered by numerous geographical environment elements. No work 

has yet been done in this study to prove which dataset can offer a better result, however it is 

apparent that conventional method will cost a lot of time on manually interpreting the satellite 

image. There are also some advanced methods based on Landsat TM or ETM imagery such as 

knowledge tree classification method can also provide convenience for extracting the city but 

its principle and working process is excessively complicated and overloaded for those general 

works which have no high requirements on accuracy.  

 

Although a number of countries have been successfully processed with head/tail breaks 

method, the noise problem happens in Australia, Peru, and Kazakhstan when calculating the 

first mean due to they all have the same initial DN value, for which it is not allowed to divide 

the head part and tail part by using of head/tail breaks method under this situation. Additional, 

particular problem taken place in case of Belgium of which the percentage of head has 

already exceeded over 50% while the percentage of tail only accounts to 46%, which leads 

the rule in this region by using head/tail breaks method is unavailable. Results obtained from 

this study can also be regarded as reference work that will facilitate other people who will 

obtain some regularity under this circumstance (E.g. the frequency of utilization under the 

second mean is larger than the first mean). However, calculating the threshold should always 

be objective and it should be prohibited that applying the threshold based on the hypothesis 

and deduction as much as possible. 

Besides, auxiliary data is one of the important evidences that will offer the reliable data to 

indicate whether the applied method is feasible. Therefore, in order to provide more accurate 

result in the case of threshold decision combined more comparative studies with support data 

to prove the significance of visual inspection. If the result obtained from visual inspection is 

satisfied, the same method for detecting the natural cities extracted by nightlight imagery 

could be recognized in the further; if the result is not satisfied, the discussion on which 

method is better regarding “visual threshold” and “calculative threshold” requires further 

studies.  

On the other hand, one of the important prerequisites to study the power law distribution is 

how to differentiate between the power law distribution and non-power law distribution. To 

from a hypothesis, if the defined p-value is 0.01 then all the countries would be regarded as 

the data that following the power law distribution. It is also means that how to define the 

p-value for distinguishing the power law and non-power law is especially significant, leading 
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how the data will be defined. In order to explore how to define the power law, it is also 

necessary to study the formation mechanism of power law. However, of explanation on the 

formation mechanism of power law is somewhat complicated. Power law is not only a 

mathematical distribution, but also has numerous properties, such as scale-free network and 

self-organized criticality. Self-organized criticality (Bak, 1996) has also been identified as the 

dynamics cause for the generation of power law, while power law can be viewed as the proof 

of self-organized criticality.  

Power law in itself is one mathematical model in nature for explaining general rule. If one 

data or one category of data is in conformity with power law, can it be explained that the 

method adopted for extracting data is also scientific? Imagining if one method in itself is 

“artificial” or unnatural, then the results acquired inevitably would have numerous problems 

or restriction factors. The study hold the opinion that more researches and studies are needed 

to determine whether the data match power law distribution by relying on p-value, power law 

fitting and so on. Not only defining the p-value of the data clearly is needed, but also some 

theoretical support is required. More importantly, it is critical to strengthen the algorithm so 

as to avoid misjudgment resulted from errors. It seems that the data distribution comply with 

power law does not represent anything on the appearance. But the potential significance of 

meeting power law by data distribution from a deeper level is worth thinking. The reason of 

how this phenomenon caused are also need to be considered. 
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5. Conclusion and future work 

 

To conclude, the study clearly indicates that head/tail breaks methods is able of solving the 

data from different spatial regions, which plays a significant role of processing data and 

acquiring possible threshold. Although the results might have some insufficiencies in 

accuracy, the study of extraction of natural cities from nightlight imagery in the fifty countries 

have been successful completed. Besides, combined nightlight data with head/tail breaks 

method, this study also verified if these extracted natural cities comply the power law 

distribution. 

5.1 Conclusion 

For the original purpose of this study, the extraction of the natural cities from nightlight 

imagery was achieved by the use of head/tail breaks method. Secondly, the results states that 

no universal threshold can be used to detect the natural cities within the fifty countries. The 

Ht-index is used to to explain how complex geographic features of the fifty countries, among 

them, most countries explored have the Ht-index larger or equal to 3, which means several 

iterative calculations for most countries with head/tail breaks method are needed. On the other 

hand, a study of how well the cities are acquired is also explored. Statistically, the extraction 

of the fifty countries are divided into three types, 36 of the 50 countries are defined as good, 

13 of the 50 countries are defined eligible and only one country is defined as ineligible. It is 

demonstrated that at least 72% countries could fit the city boundaries well with visual 

inspection. 13 of the 50 countries can fundamentally fit the city boundaries whereas the fitting 

are quite unfavorable compared to those countries that are defined good.  

 

The extended study of this thesis is applied by the power law estimator. Through the test of 

power law estimator, it should be certain that majority of countries have a p-value larger than 

0.05 and it can be defined to category that meeting the power law distribution while other four 

countries (Germany, Canada, Spain and Israel) are lower than 0.05 so it has been defined to 

those situations that cannot meet the power law distribution. The study indicates that 

parameters of alpha and p-value for spatial aspect are relatively independent, which means 

most countries have its own alpha and p-value.  

 

In terms of classification of remote sensing data of the world, the combination of nightlight 

imagery and head/tail breaks method need to be admired since exploring the city study not 

only promotes the land utilization of cities but also provides a new way for data processing 

and analysis in the future. However, the weakness of nightlight imagery exists as it has a low 

resolution and frustrated step if the high accuracy is required. When area calculation of high 

precision is required the subjective factors caused by humans should also be considered.  
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5.2 Future work 

The nightlight imagery has flaws in accuracy, its merits such as high efficiency, global 

coverage data extraction, and rapid real-time updating speed are essential to urban research. 

As there is no auxiliary data to accurately compare with the threshold given by calculative 

principle and the threshold given by visual inspection, the method realizes that the high 

accuracy but its feasibility in special work remains to be demonstrated. It has reasons for 

believing that it is possible to extract natural cities by nightlight data of high precision and 

demonstrate its accuracy by auxiliary data. It is also worth expecting that combining an 

advanced mathematic rule with a novel source to enhance the understanding of natural cities 

will continue to improve. Supposing if the high resolution is available, does the visual 

inspection work? The study also wishes that more meaningful result with the high resolution 

can be taken in the future.  

On the other hand, the research of power law should have more concerned. For example, the 

analysis on driving force of Power law and its reasons of formation is also a field worthy of 

studying, research on this field is necessary for the relevant exploring and learning can help 

human to explain the various laws in life. At the same time, people can also explore the more 

practical meanings of the city area in meeting the power law distribution, such as its influence 

on culture, economy, and geography.  
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Appendix A: The processing of using Head/tail breaks 

method 

 

This appendix aims to show how the nightlight imagery is processed step by step with 

head/tail breaks method. Treatment of 0 values in this study is particular, to facilitate readers 

in understanding, the remote sensing data of Sweden in 2010 are taken as examples. Head/tail 

breaks method in the other countries of this study should subject to this method. Firstly, 

exporting the data of Swede’s nightlight imagery through ArcGIS software and opened by 

excel software. VALUE in Table A1 stands for the DN values (from 0 to 63) in the grid data; 

the blackest parts (DN value is 0) can be regarded as regions that are least likely to be cities, 

while the brightest parts (DN value is 63) are center areas of cities. If listed according to 

importance, higher values that are close to 63 are better than lower values. COUNT stands for 

the quantity contained by every DN value. A “VALUE*COUNT” is added to the right of the 

“Count” column to stand for the products of value and count. Calculate the products of values 

and counts of every DN values (from 0 to 63) respectively and record the results in 

corresponding “value*count” columns. It can be found that most counts are contained when 

DN value is 0, which also means that this list of values will be abandoned as a result of the 

existence of 0 and the calculating results will be greatly influenced if the above law 

(value*count) is applied. Therefore, a reasonable adjustment of this study is proposed: 

changes the initial values to a value that less than the smallest value in the original data 

(Besides value 0), the reason for which is that data noise exist. For example, if the DN value 

jumpily changes from 0 to 3 directly before being listed to 63 in sequence. In this case, the 

head/tail breaks method cannot be continually carried out if the mean value is not present.  

 

Take Sweden’s data as an example (Table A1 left), the data with the DN value of 0 changes 

to data with DN value of 4 directly, an absence of DN values from 1 to 3. By following the 

above method, the original DN (value 0) has been adjusted to less than the smallest DN value 

in the original data except 0. The DN value listing of Sweden here change from 0 to 4 directly, 

so I changed the DN value 0 to 3 artificially and calculate the corresponding value*count 

value, see Table A1 (right). The result shows that such adjustment can avoid the generation of 

big gasp caused by too big interval space or influence on the processing result. 

 

Table A1: The difference of initial value between value 0 (left) and the value 3(right) 
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The whole calculating process may include many repeated calculations and this is so called 

iterative calculation. To better describe how to use head/tail breaks method, the table for 

recording and statistics is established. The table should include: VALUE, COUNT, 

VALUE*COUNT, MEAN, HEAD, %HEAD, TAIL, %TAIL (Table A2). 

Table A2: The statistical table of Sweden 

 

Determine the data (from 3 to 63) according to the initial values; figure out the sums of the 

data in COUNT (1128743) and VALUE*COUNT (9146315) respectively and record the 

results in corresponding column. Divide VALUE*COUNT with COUNT to get the first 

mean value (M1=8). All calculation results on mean should be recorded in rounding-up way 

so that no decimal will exist. As shown in the Table A2, the COUNT is reducing as the value 

becomes bigger. Therefore, part with larger quantity as the tail part and the part with smaller 

quantity as the head part. The COUNT with DN values more than or equal to 8 are selected 

and the sum is calculated and filled in corresponding HEAD part; then the COUNT with DN 

values less than 8 are selected and the sum (sum of 3-7) is calculated and filled in the TAIL 

part. In addition, the TAIL values can also be verified or calculated by subtracting the HEAD 

with the COUNT.  

Figuring out %HEAD and %TAIL respectively and observe their percentages. Most data 

worked out with this method is distributed in a way that the percentage of data in the tail part 

is bigger than the percentage of the data in the head part. If the result of the first calculation 

does not distributed in a way of about 50% in the tail and about 50% in the head, a second 

calculation will be needed. At this point, using the mean value 1 (M1=8) to figure out in the 

first calculation as the initial DN value (No adjustment!) for the second calculation and repeat 

the above rule. The data may be calculated repeatedly until the percentage of the head part is 

bigger or equal to the percentage of the tail part, which means the percentage of the head part 

should be more than or equal to 50% and heavy-tail distribution phenomenon is not existing 

in the data.  

It can be seen in Table A2 that there are four mean values (8, 20, 36, and 49) are figured out 

for selection. When the mean value is equal to 49, the percentage of the head part is 51% and 

that of the tail part is only 49%. In this case, the condition of the percentage of the head part 

should be more than or equal to 50% is satisfied and the mean value 49 of this group of data 

cannot be used as the possible threshold in the data classification, which means that only three 

mean values (8, 20, and 36) can be used as possible threshold for the classification 
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Appendix B: Data archive of nightlight imagery 

 

The purpose of this appendix is document the nightlight imagery of the fifty countries as well 

as the data source, data processing are also summarized. Following the below section, you 

will have a clear overview of how thesis study are processed.  

 

Nighttime imagery data 

National oceanic and atmospheric administration's National Geoscience Data Center is a part 

of united state of commerce provides long-term scientific data. However, the traditional 

sensor, such as Landsat program, is not able to acquire the nightlight imagery and the source 

in terms of global size is scanty. Hence, a new system named Operational Linescan System 

has been exploited, which support the possibility to capture the objective. The OLS 

instrument has two telescopes and a photo multiplier tube with visible and infrared light and 

resolution of both sensors are 2.7 km. All data from NOAA/NGDC has been systemically 

corrected so that most of serious error can be avoided. 2010 nighttime imagery is used in this 

study with 30arc second grids, spanning -180 to 180 degrees longitude and -65 to 75 degrees 

latitude. The visible pixel is relative values ranging from 0 to 63, which represents the 

cumulative percentage of lighted pixel. The projected coordinate system in terms of the fifty 

countries is also included (Table B1). 

 

Table B1: The projected coordinate system of the fifty countries 
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Data processing 

 

There are six steps have been used in this study. In step 1, install the software and download 

the data source. In step 2, the coordinate system of the fifty countries is projected in WGS 

1984, and the fifty countries are correspondingly clipped. In step 3, calculate all the possible 

thresholds of fifty countries. In step 4, visual inspection is used to detect the city boundary for 

selecting the suitable threshold after the classification and vectorization. In step 5, the natural 

cities of the fifty countries are calculated basing on the projected coordinate system. In step 

six, the power law study can then be carried out by the power law estimator. 

 

Data and download 

The processed data of this study is 54 megabytes (MB) which can be downloaded via my own 

website: https://sites.google.com/a/student.hig.se/siruithesis//.  

 

When you successfully download the data and open the DataFinal file. You will find 

following files, the first file called fifty countries in which the fifty countries are included, 

such as nightlight imagery of fifty countries, the shapefile of fifty countries with projection 

information. Then, there are three *.MXD format (Europe (21).mxd, Asia (15).mxd and 

American Africa and Oecania.mxd), which operable with ESRI ArcGIS ArcMap 10. In 

additional, the statistical information is recorded with Documentation of fifty countries.xlsx 

and it can be individually checked. 

 

Figure B1: My website of data documentation 

 

https://sites.google.com/a/student.hig.se/siruithesis/

