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Abstract. This study examines the economic development trajectories of historically and newly prosperous cities in East Asia
from 1993 to 2021 using Nighttime Light (NTL) data. By integrating DMSP and VIIRS satellite data, the research compares
growth patterns across cities like Tokyo, Singapore, Shenzhen, and Chengdu. Results reveal that historically prosperous cities,
such as Tokyo, exhibit a "ceiling effect" with stagnant NTL levels, reflecting early maturity and slowed growth. In contrast,
newly prosperous cities like Shenzhen demonstrate rapid NTL growth, leveraging late-mover advantages through policy support
and technological adoption. The findings align with the late-mover advantage theory, highlighting divergent development paths.
The study underscores the role of NTL data in tracking urbanization and economic activity, offering insights for regional
development policies.

Keywords: nighttime light data, economic development, late-mover advantage

1. Introduction

Asian developing economies have shown robust growth in recent years. Over the past 30 years, their real Gross Domestic
Product (GDP) at Purchasing Power Parity (PPP) increased 7.5-fold, compared to a three-fold rise globally, and real per capita
GDP grew over four times, compared to less than double globally [1]. However, urban development in the region is uneven, with
differences in growth speeds between historically and newly prosperous cities.

Cui et al. [2] found that countries such as Japan, South Korea, and Singapore developed rapidly in the past but have
experienced relatively slower growth in recent years; while some East Asian countries like China, Malaysia, and Indonesia
currently show rapid development momentum. This reflects an economic development trend: regions/countries that advanced
earlier slow down, while initially less-developed ones show strong catch-up momentum, with growth rates among the world's
highest.

Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).
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GDP per capita in Southeast countries 1950-2021
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Figure 1. GDP per capita in East Asian countries (1950-2021)

Note: Data adapted from " Penn World Table " by R. C. Feenstra, R. Inklaar, & M. P. Timmer, 2015, American Economic Review, 105(10),
3150-3182. Available from https://www.ggdc.net/pwt) [3]

Economic growth rate in Southeast countries 1950-2021
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Figure 2. Economic growth rate in east countries (1950-2021)

Note: Data adapted from "Penn World Table" by R. C. Feenstra, R. Inklaar, & M. P. Timmer, 2015, American Economic Review, 105(10),
3150-3182. Available from https://www.ggdc.net/pwt) [3].

The per capita GDP levels and growth rates from 1950 to 2021 also reflect this phenomenon (see Figure 1 and Figure 2).
China's growth was low and volatile until 1980 but then rose rapidly. Singapore had a fast upward trend after 1960, with
explosive growth in 1980-2000 and stable high growth after 2000. Japan grew fast from 1940-1980 but slowed after 1980.
Thailand's growth was moderate and declined after 2010. South Korea's growth increased gradually from around 1960, grew
substantially in 1980-2000, then slowed. Indonesia had moderate growth before 2000 and stagnated twice in 2000. Malaysia
grew stably overall but trended down after 2010.

This current situation raises profound questions about urban economic development speeds: What are the differences in
economic development speeds between historically prosperous cities and newly prosperous cities in East Asia? What are the
similarities and differences between the economic development trajectories of newly prosperous cities and those of historically
prosperous cities?

Past East Asia studies relied on statistical yearbook data like population and GDP, which have spatial gaps and incomplete
data [4]. Nighttime Light (NTL) imagery, with broad coverage, long-term records, and spatial continuity, overcomes these
shortcomings [5] and helps identify development issues in economic and social development processes.

To address development speed disparities among major East Asian cities, this study analyzes Nighttime Light (NTL) data
(1993-2021) focusing on major Chinese cities and using East Asian peers as comparators. By integrating NTL and traditional
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economic data, it examines growth rate differences between historically and newly prosperous cities, compares development
speeds across periods, tries to identify commonalities in development paths, and explores transferable models for newly
prosperous cities.

2. Literature review

There are significant differences in the level of economic development among cities within East Asia. Particularly, there are
disparities in development speed between historically prosperous cities and newly prosperous cities. Salamh et al. [6] highlighted
the coexistence of developmental disparities and commonalities across East Asian cities. In-depth study of the development
differences among diverse types of cities is of great significance for countries in formulating regional development policies. For
historically prosperous cities, issues such as how to break through the bottleneck of industrial upgrading and boost the economic
growth rate, and for newly prosperous cities, how to maintain a high-speed development trend and avoid a lack of stamina in
economic growth are all urgent problems to be solved.

Historically prosperous cities such as Bangkok and Tokyo, serving as long-term economic, cultural, and political centers in
East Asia, have driven economic growth steadily over a long period in the past, relying on their profound historical heritage,
well-developed infrastructure, mature industrial systems, and relatively high-level industrialization, which promote production,
technological capabilities, and innovation [7]. However, with the in-depth development of economic globalization, their
traditional industries are facing problems such as rising costs and increasing pressure for technological innovation. Meanwhile,
the fertility rates in these areas have significantly declined [8], and there is a serious shortage of labor (Economic growth in
Japan difficult, 2016). The relatively slow pace of industrial transformation and upgrading has, to a certain extent, restricted the
economic growth rate. Newly prosperous Chinese cities, such as Shenzhen and Chengdu, have mitigated growth contradictions
through industrial green transformation [9], leveraging globalization and policy incentives to sustain high growth. They have
seized the opportunities of globalization and industrial transfer, relied on the rise of emerging industries and strong policy
support, and developed based on modern technological levels. This has ensured the economic growth capacity under the current
system and provided a foundation for long - term growth prospects, thus achieving rapid economic growth [10].

Regarding the measure indicator, based on previous research demonstrating that nighttime light data can serve as a proxy
variable for economic activities [11], this study uses nighttime light data as a measure to observe economic development,
avoiding the problem of a high probability of statistical errors caused by the weak GDP statistical capabilities of some national
governments [12].

Henderson et al. combined satellite nighttime light data with measured income growth data to improve the accuracy of
estimating real income growth. When exploring the credibility of China's economic growth and GDP data, Xu Kangning et al.
[13] used methods such as Ordinary Least Squares (OLS) and spatial econometrics to conduct regression analysis on China's
provincial panel data from 1992 to 2012. The results showed that, regardless of the estimation method used, there was a
significant positive correlation between DMSP-OLS nighttime light brightness and GDP. This indicates that the brightness of
urban nighttime lights can serve as a proxy variable for observing economic growth data. In addition, Clark et al. [14] used
DMSP-OLS nighttime light data as an independent benchmark to compare various economic indicators announced in China,
aiming to evaluate the quality of China's official GDP statistical data. The research results showed that China's official statistical
data did not exaggerate the extent of economic growth, and the actual growth rate may even be higher than the officially
announced value.

3. Data collection

3.1. Raw image nighttime light data

Due to the long-time span of the research, the observation data of a single satellite program cannot cover all the timelines of the
research. Therefore, the data used in this study are divided into two parts. One is the global monthly and annual data of Defense
Meteorological Statellite Program (DMSP), which covers the nighttime light data of each month from 1992 to 2013. The other is
the monthly and annual Visible Infrared Imaging Rdiaometer Suite (VIIRS) nighttime light data obtained through the JPSS
satellite, which covers the nighttime light data of each month from 2012 to the present.

The National Oceanic and Atmospheric Administration (NOAA) has released DMSP (1992-2013) and VIIRS (2012-2022)
datasets. The Earth Observation Group of the Payne Institute for Public Policy at the Colorado School of Mines provides more
types of corrected data. For DMSP, the Earth Observation Group (EOG) combines the images taken by DMSP-OLS to generate
data for global night-light maps. For VIIRS data, the EOG collects nighttime satellite images and provides higher-quality data
after a series of corrections. This data can be downloaded from the website of the Earth Observation Group at the Colorado
School of Mines, and the delivery format is GeoTIFF.
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DMSP Monthly Data: in the monthly series of DMSP, the Earth Observation Group website provides three file types: avg vis
(average Digital Number (DN) value), cf cvg (cloud-free coverage count), and cvg (coverage count). We selected the avg vis
data. In avg vis, the DN value refers to the digital value obtained after quantifying the radiation intensity of ground objects
detected by the sensor. It contains the average value of digital values in the visible band and does not require further filtering. DN
values range from 1-63 in DMSP. This data reflects the average brightness of pixels in a remote—sensing image in a certain area
[15]. For nighttime light data, this value can reflect the average intensity of lights to a certain extent, and the nighttime light
intensity is highly correlated with economic activities, urbanization levels, and energy consumption, making it suitable for
measuring the prosperity of an area.

DMSP Annual Data: select the avg vis data. In this data, the lights from cities, towns, and other places with continuous
lighting (including gas flares), as well as data from temporary events (such as short - term bright lights caused by fires and
explosions) and moonlight data have been excluded. At the same time, the background noise is replaced with zero values, and the
areas with cloud-free observation values of zero are represented by 255. It only contains relatively stable lights and is all cloud-
free data [16].

VIIRS Monthly Data: monthly average nighttime light data collected by the VIIRS satellite launched by NOAA, which are
monthly cloud - free Day/Night Band (DNB) composites processed by EOG. Due to cloud cover, the values in the average
radiation images of some areas in this study are zero. Therefore, instead of assuming that no light is observed, it is a better idea to
use cloud-free observation files. Select cloud-free observation file with the extension "avg rade9". These data have already
excluded the influence of stray light, lightning, moonlight, and cloud cover before forming the merged image, but have not
filtered out lights from auroras, fires, ships, and other temporary sources [17].

VIIRS Annual Data: select the annual Version 2 Annual VIIRS Nighttime Lights (VNL V2 data). Based on the monthly
cloud-free average radiation grids from 2012 to 2020, outliers were removed to discard biomass—burning pixels and isolating
the background, generating a new, consistently processed annual global VIIRS nighttime light time series. This data has
undergone multi-layer separation and excluded interferences such as temporary light sources (including lights, flames, auroras,
etc.) and background values (non - light source values) [18].

DMSP Nighttime Lights Extension: select the avg vis data. Since NOAA has added extra years to the DMSP equatorial
crossing time chart and found that the F-15 orbit continued to shift, starting to collect pre-dawn nighttime data in 2012. Satellite
F-16 may also have collected usable pre-dawn nighttime data. This change extended DMSP data to 2021 [16].

3.2. Geographic data on administrative divisions

The urban administrative division data uses populated places provided by Natural Earth, with the format of shapefile. It covers
the capitals, provincial capitals, and important large cities of 202 countries and regions. The reference system of geographic data
is the WGS-84 coordinate system, which can be directly used for relevant analysis with image data (Natural Earth, 2009).
Among them, we used R to crop and extract the data of eight Chinese cities, namely Beijing, Shanghai, Wuhan, Xi'an,
Chongqing, Chengdu, Guangzhou, and Shenzhen and 6 representative foreign cities, including Chinese (Beijing, Shanghai,
Guangzhou, Shenzhen, Xi'an, Chengdu, Wuhan, Chongqing) and major East Asian cities (Singapore, Kuala Lumpur, Seoul,
Tokyo, Jakarta).

The reason for selecting these cities for research is that they include both historically prosperous cities such as Tokyo and
Singapore, which have long served as regional economic and cultural centers, carrying historical accumulation and
transformation challenges, and can reveal the resilience of sustained prosperity or lessons from decline; and newly prosperous
cities such as Shenzhen, Chengdu, and Jakarta, which have risen rapidly in the past decade or so relying on policy dividends,
industrial transfer, or technological revolution, and can demonstrate emerging development paths in the context of globalization
and technological change. These two types of cities form a contrast, jointly providing a comprehensive perspective for analyzing
urban development dynamics, challenges, and regional linkage effects.

4. Methodology

This paper uses the average DN value as the main indicator to measure global light data. The nighttime light image is a grayscale
image, and the grayscale value (DN value) of a pixel represents the average light intensity. The range of the light grayscale value
(DN value) of this data is 0-63. When the DN value of a raster reaches 63, it cannot increase further in DMSP but can still
increase in VIIRS.

4.1. Measurement method

We used both R and ArcGIS to detect the monthly nighttime light data. By comparing the DN values obtained from the two
software, we ensure the accuracy of the data to some extent.



44 | Journal of Applied Economics and Policy Studies | Vol.18 | Issue 6

In a TIF-format image file, each pixel (picture element) stores a Digital Number (DN), which represents the radiometrically
calibrated nighttime light intensity. The DN value is the original numerical record of each pixel in a remote - sensing image,
directly reflecting the radiation intensity of ground objects received by the sensor (such as in visible and infrared bands). The
pixel value of each band is the DN value, stored in matrix form.

4.1.1. Obtaining nighttime light data of specific urban areas using R

In R language, cellStats can calculate various statistical information of pixels in raster data and can be directly used to obtain the
maximum, minimum, average, sum, standard deviation of DN values in a single-band raster image.

Therefore, the processing idea of this study is as follows: Check the number of bands of the TIF image. If it is an RGB three-
band TIFF, we need to use the brightness formula for conversion to obtain a single-band raster and then use cellStats for
statistics. If the image file belongs to a single-band raster, we can directly use cellStats for statistics.

After inspection, we found that all the TI files of nighttime light data are single-band, so we use them directly and use
cellStats to obtain the relevant information of DN values in single-band raster images.

Based on the spatial CellStats in R software, after unifying the coordinates and establishing a general function, we obtained
the average DN data of specific cities

4.1.2. Obtaining the nighttime light data of specific cities using ArcGIS

Based on the extraction function of the spatial analysis module of ArcGIS software, the nighttime light data and the urban
division vector map are uniformly converted into UTM projection coordinates. The nighttime light data of the research area is
cropped using the mask extraction tool, and the obtained raster data is overlaid with the light data. The raster data is converted
into features through the "raster to polygon" tool. Among them, the gridcode in the attribute table represents the DN value.

5. Results
5.1. Vertical comparison with both DMSP data and VIIRS data

Based on the obtained DN data, we established nighttime light charts for each city using extended DMSP DN value data and
VIIRS data, while also merging DMSP and VIIRS dataThe results show that the nighttime light intensity of most of these cities
shows an upward trend over time, reflecting urban development, increased economic activities, and the advancement of
urbanization. The DMSP dataset spans a long time period. Although the VIIRS data started later, it can be well supplemented in
the later stage and corroborate with the DMSP data, jointly reflecting the changes in urban nighttime lights (see Figure 3 and
Figure 4).



Journal of Applied Economics and Policy Studies | Vol.18 | Issue 6 | 45

NTL Beijing NTL Guangzhou
ran 45
0 A 404 "
- . ; A
z h ~2|:% —+— DMZP_DN z *1 o~ 55 % T DVseON
g an A @ — VIRsDN % AN g o VWRSDOM
B 15 /uh’. / 15 5 a ¥ ."';‘“ﬁr w5
fa | -
0 «* Al 104 5
1980 2000 2010 2020 180 2000 2018 2020
yaar e
NTL Shanghai NTL Shenzhen
@ 0 1 -
-
s y fod e
s 1 Lsp F 501 {
: N QUGN NV o
g hf“ S e vims DN z N f [ —— VHRS_DN
rap & 401 [
8 3] R W = . |'Iw
fatd \
= T - T T T " w % 1 . T T T
1990 20%0 2010 2020 1990 2000 2010 2020
yoar your
NTL Wuhan MNTL Xi'an
kL] ': 80 254 |
] 30
. ® P Lo & g 204 ‘.“1 N
£ 20 2 +— OMSP DN 2 -’J . w—  DMESP_DN
g‘s J *IlleE—-—\-'IIHSD’N gls rﬁlr‘M 252_._\:“51?4
4 £ 2 | B
[ tsa 5 & 4 ) =
o ll V
51, il 40 51 - 20
1900 2000 2010 2020 1900 2000 2010 2020
yoor yoor
NTL Chengdu NTL Chongging
] L3
+— OMSP_ON DMSP_ON

—— VIRS_ON —s— VIRS_DH

OMSP DN Vilue
3 B
- .~
'
a 4
VIIRS DN Value
DMSP DN Vaiugs
3 ~ -
o
- 3 4
VIS DN Valie
"

T T T
15960 2000 2010 00 1950 w00

Figure 3. Nighttime lights trend in Chinese cities based on DMSP and VIIRS

Note: Data adapted from DMSP Nighttime Lights Extension data and Annual VNL V2 data. Image and data processing by Earth Observation
Group, Payne Institute for Public Policy, Colorado School of Mines. DMSP data collected by US Air Force Weather Agency.
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Figure 4. Nighttime lights trend in major Asian cities based on DMSP and VIIRS

Note: Data adapted from DMSP Nighttime Lights Extension data and Annual VNL V2 data. Image and data processing by Earth Observation
Group, Payne Institute for Public Policy, Colorado School of Mines. DMSP data collected by US Air Force Weather Agency.
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5.1.1. Analysis of historically prosperous cities

As long-term economic centers in history, most historically prosperous cities completed their development in the last century,
leading to slow or even stagnant growth in recent decades. In Tokyo, most of its DMSP DN values remained at the maximum
level of 63, showing a "ceiling effect” in light data. This indicates that Tokyo had matured by the last century, with nighttime
light intensity already at a high level, consistent with the characteristic that historically prosperous cities reached a high level in
earlier historical periods. Meanwhile, in Singapore: The DMSP DN values gradually increased from 1990 to 2010, indicating
rapid development from the last century to the early 21st century; they became relatively stable after 2010, with VIIRS DN
values close to and changing smoothly with DMSP DN values, suggesting that Singapore's development speed has slowed down
at present and maintained a high level.

5.1.2. Analysis of newly prosperous cities

Newly prosperous cities were relatively underdeveloped in the past but have grown rapidly in the past decade or so. In Shenzhen,
the DMSP DN values continued to rise, and the VIIRS DN values also showed a clear upward trend. Especially in recent
decades, the growth trend has been remarkable, reflecting Shenzhen’s rapid development as a newly prosperous city in recent
decades, with a significant increase in nighttime light intensity and rapid economic and urban construction development.
Similarly, Chengdu: Both DMSP DN and VIIRS DN values showed a steady upward trend, with an increased slope in recent
decades, indicating that Chengdu has accelerated its development speed in recent decades, with a significant increase in
nighttime light intensity, consistent with the development characteristics of newly prosperous cities.

5.1.3. Comprehensive analysis of other cities

Cities such as Beijing and Shanghai have both historical heritage and modern development momentum The DMSP DN and
VIIRS DN values of both cities showed an overall upward trend, with a faster growth rate in recent decades. These cities are not
only traditionally important cities with historical heritage but have also accelerated their development in recent decades along
with national development strategies and their own industrial upgrades, embodying the characteristics of both historically and
newly prosperous cities.

In general, the charts partially validate the theory that historically prosperous cities developed rapidly in the last century and
have stabilized at present, while newly prosperous cities have developed rapidly in recent decades. However, some cities exhibit
more complex development trends due to their own characteristics and development strategies.

5.1.4. Analysis of differences between DMSP and VIIRS

Additionally, it was found that although the years are the same, the data from DMSP and VIIRS are not completely identical,
which may be due to the following reasons:

The first is transit time difference. DMSP-OLS satellites pass at 19:30 and 22:00 local time [16], capturing peak evening light
levels during high human activity, while VIIRS satellites pass at 1:30 a.m. local time [18], recording lower late-night intensities
when most lights are dimmed. This temporal gap causes systematic data differences as they reflect distinct phases of daily
activity cycles.

The difference in resolution also leads to data discrepancies between the two. DMSP has a lower resolution (1km), resulting
in rough characterization of spatial details, which is prone to light intensity distortion due to pixel mixing, and has insufficient
detection capability for low-light areas, easily producing more invalid pixels with DN=0 [19]. In contrast, VIIRS has a higher
resolution (500m) and more pixels, enabling it to capture more subtle light changes and spatial distributions, be more sensitive to
low-light detection, and have fewer invalid pixels. Therefore, there are significant differences in DN value performance and light
detail recording between the two in the same year.

5.2. Horizontal comparison with DMSP data

Since DMSP data has a broader coverage, and when compared with GDP data, its trends align more closely with actual economic
development patterns. Therefore, we used extended DMSP data for further analysis and comparison.

Focused on Chinese cities, this study compared eight cities with different development situations against six East Asian cities
(highlighted with bold lines). To gain a further insight into their development trends, both NTL level and growth rate figures
were constructed. Considering that Beijing and Shanghai are historically prosperous cities, we marked them with dashed lines for
better differentiation.

Meanwhile, based on the DMSP extend data, the average growth rates of these cities for the periods 1990-2000, 2000-2020,
2000 - 2010, 2010-2015, and 2015-2020 have been calculated (see Table 1). This is to better compare the growth rates among
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different cities during different prosperous periods. It should be noted that a recorded growth rate of zero does not invariably
signify an actual growth rate of zero. This may be attributed to the fact that the actual nighttime light data have surpassed the
measurable range of the DMSP system, rendering it unable to detect any variations or fluctuations therein.

5.2.1. NTL level comparison
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Figure 5. Comparison of nighttime light level between China and some Asian cities

Note: Data adapted from DMSP Nighttime Lights Extension data.. Image and data processing by Earth Observation Group, Payne Institute for
Public Policy, Colorado School of Mines. DMSP data collected by US.

In 1990, the NTL value of Kuala Lumpur was higher than that of most Chinese cities. Subsequently, the NTL values of
Shenzhen, Shanghai, Guangzhou and other Chinese cities rose rapidly and gradually surpassed that of Kuala Lumpur,
demonstrating the strong development momentum of China's newly prosperous cities. Singapore had a leading NTL value in the
early stage, with a consistently high nighttime light level. Chinese cities such as Beijing and Shanghai have grown rapidly,
gradually narrowing the gap with Singapore in terms of nighttime light levels. Tokyo had a high-stable NTL value in the early
stage. Among Chinese cities, Shenzhen and Shanghai have seen significant growth. Shenzhen's value increased from a relatively
low level to nearly 50 in 2020, and Shanghai showed a similar trend. Chinese cities have developed rapidly in terms of economy
and urban construction, gradually catching up with Tokyo in nighttime light levels.

Seoul had a relatively high NTL value in the early stage. In recent years, Chinese cities such as Shenzhen and Shanghai have
grown prominently, gradually narrowing the gap with Seoul. In 1990, Bangkok's DN value was higher than that of some Chinese
cities like Chengdu and Chongqing. As the capital and an important economic center of Thailand, it had certain advantages.
Later, the NTL values of Shenzhen, Guangzhou, Shanghai and other Chinese cities climbed rapidly and surpassed it. By 2020,
Shenzhen's DN value exceeded 50, and Guangzhou and Shanghai were also far ahead. Jakarta had a leading NTL value over
some Chinese cities in the early stage. Later, Shenzhen, Shanghai and others grew rapidly, showing an obvious trend of
overtaking (see Figure 5).

5.2.2. Growth rate comparison

Growth rate comparison between China and some Asian cities can be seen as Figure 6:
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Growth Rate Comparison in Asia

Growth Rate Comparison: Chinese cities vs. Kuala Lumpur ,Growth Rate Comparison: Chinese cities vs. Singapore
34 D e

-

Log-transformed DN valu

Lo an ow

19890 2000 year 2010 2020 1990 2000 year 2010 2020

Growth Rate Comparison: Chinese cities vs. Tokyo » Growth Rate Comparison: Chinese cities vs. Seoul
- Boijin 1

IS

Log-ransformed DN value
Lo awmowa

Log-transformed DN valu

Lo s o

T v v v
1990 2000 year 2010 2020

' y T T
990 2000 year 2010 2020

‘Growth Rate Comparison: Chinese cities vs. Bangkok » Growth Rate Comparison: Chinese cities vs. Jakarta

9

Log-ransformed DN val
Lo anow s

Log-transformed DN valu
Lo am e oa

1990 2000 year 2010 2020 1990 2000 year 2010 2020

Figure 6. Comparison of nighttime light growth rate between China and some Asian cities

Note: Data adapted from DMSP Nighttime Lights Extension data.. Image and data processing by Earth Observation Group, Payne Institute for
Public Policy, Colorado School of Mines. DMSP data collected by US.

Table 1. Average growth rate of cities in different time period

City 1992-2000 2000-2020 2000-2010 2010-2015 2015-2020
Bangkoka 3.1813 1.5772 0.4708 1.7102 3.6910
Beijinga 4.9760 3.7388 4.7822 0.6110 4.8441
Chengdua 14.6444 7.6718 9.3333 3.7860 8.3339
Chongqinga 8.1531 8.5362 8.7856 8.9351 7.6433
Guangzhoua 7.0759 2.8251 3.1348 1.4101 3.6344
Jakartaa 1.4507 1.5389 2.3876 0.4031 0.9922
Kuala Lumpura 1.2090 2.0164 3.4391 0.8773 0.3498
Seoula 4.0616 3.4385 4.3938 3.4134 1.5788
Shanghaia 5.2229 3.7444 4.8072 2.2702 3.1163
Shenzhena 3.9623 0.8660 0.8707 -0.1509 1.8838
Singaporea 4.1008 1.4686 2.9587 0.0000 0.0000
Tokyoa 0.0000 0.0000 0.0000 0.0000 0.0000
Wuhana 5.4254 5.4504 6.9056 2.3812 5.6750
Xiana 4.2161 6.6463 8.1328 1.7067 8.7723

Note: Data adapted from DMSP Nighttime Lights Extension data.. Image and data processing by Earth Observation Group, Payne Institute for
Public Policy, Colorado School of Mines. DMSP data collected by US.

During 1990-2000, the growth rate of Kuala Lumpur remained relatively stable at around 2-3, while that of Chinese cities
such as Shenzhen and Guangzhou rose with fluctuations. Shenzhen's growth rate fluctuated between 2-4. From 2000-2020, the
growth rates of Shenzhen, Guangzhou and other cities were higher than that of Kuala Lumpur in most years.

From 1990-2010, Singapore's growth rate was relatively stable at 3-4. The growth rate of some Chinese cities, such as
Shenzhen, fluctuated between 2-4, and in some years it could match or even exceed that of Singapore. Driven by the science and
technology innovation industry, Shenzhen has developed rapidly, attracting a large amount of resources and leading to a rapid
increase in the nighttime light value. From 2010-2020, the growth rates of Shenzhen and other cities remained at a relatively high
level.

The growth rates of Seoul, Bangkok, and Jakarta were relatively stable, remaining at around 2-3. South Korea's economy has
entered a relatively stable development period, and the urban development rhythm is steady. The growth rates of Chinese cities
such as Shenzhen and Shanghai rose with fluctuations.

Due to the fact that Japan's DN value has exceeded the threshold, its growth rate cannot be measured.
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Overall, NTL values of major Chinese cities (e.g., Shanghai, Guangzhou, Shenzhen) show an upward trend, reflecting urban
development, urbanization, and increased economic activity. Some East Asian cities like Singapore and Tokyo had high-stable
NTL values earlier but slowed later, gradually approaching Chinese cities' levels. Central-western cities like Chongqing and
Chengdu show significant NTL growth, demonstrating late-development advantages and rapid momentum.

6. Discussion

From the dynamic evolution of the chart data, it can be observed that urban development exhibits a significant divergence in
trajectories: historically prosperous cities represented by Tokyo and Singapore gradually reached a high level of economic
development through long-term capital accumulation, technological iteration, and institutional improvement in the early stages,
but their growth rates have gradually slowed as development has matured. In sharp contrast, China's new prosperous cities,
exemplified by Shenzhen and Chengdu, showed less prominent development momentum in the initial stages due to weak
foundations but achieved leapfrog growth by leveraging late-mover advantages, rapidly enhancing their economic scale and
urban vitality in the short term.

6.1. Late-mover advantage theory

This divergent development trajectory aligns closely with the late-mover advantage theory. developing countries can gradually
narrow the development gap with developed countries through learning, introducing, absorbing, and efficiently transforming
existing knowledge and technologies [20]. Gerschenkron [21] theoretically proposed the late-mover advantage in economic
growth, arguing that the higher the degree of underdevelopment, the faster the growth rate, eventually converging toward
developed countries. Historically prosperous cities, lacking external experience to draw upon, can only rely on endogenous
momentum for gradual development. After reaching a high economic level, their growth rates naturally slow down due to the law
of diminishing marginal returns. New prosperous cities, however, gain late-mover advantages in technological progress and
innovation, achieving explosive growth by introducing advanced technologies from developed countries and regions and
leveraging knowledge spillovers [22]. The steady growth in Shenzhen's DN values (Figure 4) provides empirical support for
Gerschenkron's late-mover advantage theory, as its growth rate exceeded that of Singapore in the post-2000 period (Table 1).

Take Shenzhen as an example: it capitalized on its designation as a special economic zone, fully utilizing special and flexible
policies to attract foreign investment and learn advanced foreign technologies and management [23]. Although most investors
initially focused on labor-intensive industrial production, policies allowed them to engage in "all projects beneficial to
international economic cooperation and technological exchange" [24]. Shenzhen's industries rapidly aggregated resources
through a flexible and open policy environment, introduced technologies, and established electronic information industry
clusters, achieving a leap from traditional to high-tech industries. The steady growth in Shenzhen’s DN values (Figure 4)
provides empirical support for Gerschenkron’s late-mover advantage theory, as its growth rate exceeded that of Singapore in the
post-2000 period (Table 1).

Unlike Shenzhen, which started from an agricultural foundation with policy advantages, Shanghai had a historical legacy as a
developed Asian city in the early stages of economic reform [25] but failed to promptly leverage its first-mover advantages due
to decades of neglect and divestment after 1949 [26]. Since economic reform, Shanghai has shifted from being dominated by
secondary industries to vigorously developing tertiary industries: from 1979 to 2012, its agricultural share of GDP dropped from
4% to 0.6%, secondary industries from 77.2% to 39%, and tertiary industries significantly increased from 18.8% to 60.4% [27].
Although Shanghai and Shenzhen exhibit different paths of industrial upgrading, their essence represents choices under the late-
mover advantage theory, shaped by different development stages and resource conditions in each city.

6.2. Comparing development path among Asian cities

Based on the discussion of the economic development trajectories of major East Asian cities, we explore whether there is a set of
specific institutional and economic characteristics that characterize these cities' economic development paths, and whether the
development policies of historically prosperous cities have reference value and significance for developing cities.

East Asian cities exhibit certain commonalities in development, particularly in the role of government and industrial structure
upgrading. Governments in these cities have transitioned from "dominant" to "guiding" roles, generally shifting from early direct
intervention in industrial policies and resource allocation to later indirect economic guidance through institutional construction,
macroeconomic policies, and market regulation [28]. Additionally, the path of industrial structure upgrading is similar across
East Asian countries, with cities generally experiencing a phase shift from "labor-intensive — capital-and-technology-intensive
— innovation-driven" [29].

However, East Asian researchers are typically less optimistic about the existence of such a common development model [30].
Historically prosperous cities (e.g., Japan, South Korea, Singapore) relied early on capital accumulation, technology import, and
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industrial policies, but in later stages, they faced constraints such as diminishing marginal returns, population aging, and
institutional inertia, leading to slower growth and a shift toward innovation-driven development and service industry upgrading
[31]. In contrast, newly prosperous cities in the early reform period primarily relied on imitating advanced foreign technologies,
enabling Chinese workers to improve skills and gain technical knowledge from multinational corporations through on-the-job
training, which was transferred to domestic companies at relatively low costs [32].

Despite these similarities in urban development and economic pathways, differences in historical context, urban development
stages, and geographic endowments have led to distinct development characteristics. Therefore, policies cannot be copied
verbatim. Instead, developing cities can reference the policy experiences of historically prosperous cities in industrial upgrading
and diversification while designing economic development plans tailored to local conditions.

7. Reflection

While this study provides insights into urban development trajectories, limitations may affect generalizability. When comparing
different cities, only DMSP data was employed, which may have caused cities like Japan—already in an early "ceiling effect"
state—to show no observable development speed in the data. Additionally, the nighttime light data was not calibrated, and the
sample size was small (only fourteen cities), which may not reflect general urban conditions. Furthermore, the study did not
account for external shocks or major events (such as financial crises, pandemics, and policy abrupt changes) that could influence
urban development, potentially leading to deviations in trend analysis from real-world scenarios.

8. Conclusion

The empirical findings discussed above have important implications for urban development strategies in East Asia. This study
utilizes nighttime light (NTL) data (1993-2021) to compare economic development trajectories of historically prosperous cities
(e.g., Tokyo, Singapore) and newly prosperous cities (e.g., Shenzhen, Chengdu) in East Asia. Results show that historically
prosperous cities achieved rapid growth in the late 20th century via capital accumulation and industrial policies but now face
slowdowns due to aging populations and institutional inertia, with NTL data like Tokyo's "ceiling effect" (DMSP DN value=63)
reflecting early maturity. Newly prosperous cities, however, leverage late-mover advantages—such as technology imitation and
policy support—to sustain rapid growth, as seen in Shenzhen's steady rise in DMSP or VIIRS DN values. While East Asian cities
share trends in government role transition (direct intervention — market guidance) and industrial upgrading (labor-intensive —

innovation-driven), East Asian scholars highlight contextual disparities that challenge the universality of a "common model".

Drawing upon global technological achievements, developing cities should prioritize technology absorption, flexible policy
frameworks, and institutional adaptability, as exemplified by Shenzhen's Special Economic Zone (SEZ) model. This study
highlights that historical prosperity models are not universally transferable but offer valuable lessons in policy adaptability and
sectoral upgrading. While tailoring strategies to local contexts, cities must balance technological innovation with institutional
flexibility.
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