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WEB-GIS for visualizing land use/cover change in mega-cities in developing

countries
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Abstract

In connection with the exponential increase of data, the
Internet and distributed computing provide the technical
framework for processing big data. WEB-GIS provides a
gateway to discover and access geographic WEB services,
which help to visualize the geographical data for GIS us-
ers. In particular, for the mega-cities in developing coun-
tries that experienced rapid urbanization in the past de-
cades, the WEB-GIS can help users to understand the
urbanization process in a more comprehensive manner.
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1. Introduction

With the development of computational capability, mo-
bile devices and Internet technology, people around the
world generate large amounts of data during every minute
of the day. These raw and unstructured data sets are grow-
ing exponentially (Wamba et al. 2015). An important topic
in recent years is how to analyze and extract significant
information from these data.

Satellite images are so-called big data consisting of
high-resolution optical products which are captured by re-
mote sensing technology. These data sets contain large
volumes of information. By using digital image processing
techniques, we can now transform the binary data into ap-
prehensible information. The remote sensing techniques
play a significant role in observing and analyzing human
activities. Based on this background, the present study at-
tempts to visualize satellite images employing WEB-GIS
techniques. The technological development of GIS has
evolved from the desktop GIS to the wired Internet GIS
and to wireless Mobile GIS (Tait 2005). WEB-GIS is a ro-
bust way to represent various geographical information
(Yin et al. 2015).

The raw high-resolution satellite images are unfriendly
to the users. In order to obtain the required information
such as land use and land cover (LULC) distribution, digi-
tal image processing techniques are useful to extract the
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features from the binary data.

2. Study areas and methodology

2.1 Target areas

In the past few decades, most of the mega-cities in Asia
and Africa have experienced rapid urbanization due to eco-
nomic globalization (Murayama et al. 2015). In this study,
we selected 18 mega-cities in Asian and African regions to
examine the spatial growth of mega-cities during the 15
years (2000-2014) including Bamako, Bangkok, Beijing,
Cairo, Dhaka, Dubai, Hanoi, Jakarta, Kathmandu, Kuala
Lumpur, Manila, Nairobi, New Delhi, Pyong Yang, Seoul,
Taipei, Tehran and Yangon. The target area is a 100 x 100
km extent for each city.

2.2 Framework of the study

Fig. 1 shows the workflow of this study. In the first
phase, data collection and digital image processing are im-
plemented by including generating LULC maps and evalu-
ating energy consumption intensity maps. In the second
phase, a WEB-GIS is developed to visualize the changes
in land use/cover and energy consumption intensity.

Two types of satellite images are utilized to achieve dif-
ferent requirements. Landsat data are used to process the
LULC map, and the DMSP-OLS night-light data are used
to construct the energy consumption intensity map. The
method developed by Murayama et al. (2015) is employed
here for the classification of Landsat satellite image data.

The DMSP-OLS data are a global wide night-time satel-
lite images. The NGDC Earth Observation Group (EOG)
specializes in night-time observations of lights and com-
bustion sources worldwide (http://ngdc.noaa.gov/eog/in-
dex.html). In 1994, the EOG started providing DMSP data
and producing a time series of annual cloud-free compos-
ites of DMSP night-time lights. With the night radiance
light satellite data, the morphology and intensity of the de-
velopment within human activities can be detected at a
moderate spatial scale. The DMSP-OLS data are useful for
measuring the intensity pattern of energy consumption.

The anthropogenic heat flux density based on DMSP-
OLS night radiance light satellite data has been estimated
in many previous studies (Bing and Guang-yu 2012; Chen
and Chen 2014; Yang et.al. 2014). From previous results, it
is known that a strong linear relationship exists between
the energy consumption intensity and the average night-
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Fig. 1 Workflow of the WEB-GIS development.

time light radiance intensity. Furthermore, the research by
Elvidge et al. (1999) already indicated that the night-time
light data can be used to estimate the power consumption,
gas emissions and other economic indicators.

2.3 Online system

The WEB-GIS based online system is developed through
the Google Earth API (GEAPI) version for JavaScript lan-
guage. With the GEAPI, users can handle the 3D world
map through the browser, which means they can easily ac-
cess the site from mobile devices. Furthermore, as the
GEAPI provides a robust way to design the online WEB-
GIS, the terrain and 3D building layers can easily be added
by using Google Earth.

GEAPI supports the KML language. Therefore, devel-
opers can convert geographic data to KML type, and to
display the data in Google Earth in various kinds of appli-
cations. In this study, the classified LULC maps are con-
verted into the KML format by this way.

The online WEB-GIS consists of two parts, i.e., the map
function and accordion control function. If users click the
title of each city, the city centre is automatically shown.
Then users can select the map to view. The current LULC
map remains on the screen even when users jump to map
of another city because the layer data are already saved in
the browser. With this function, the user can compare two
cities easily.

3. Discussion

3.1 Overview of the online system

Recently, users and researchers of spatial information
can easily generate various maps by using a robust desktop
GIS. However, it is difficult for general users to access
geographical data and thematic maps.

To observe and measure how human activities impact
rapid urbanization, we created LULC maps based on Land-
sat satellite images and measured energy consumption in-
tensity maps with the radiance night-time light data. We
built an online WEB-GIS to share the data with the public
(Fig. 2).
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It is important to discuss the relative merits of GEAPIL.
The good points of using GEAPI are that it reduces the
development cycle time cost, and provides many powerful
function packages for developers, such as the worldwide
administrator boundary layer, terrain layer, 3D building
layer, etc. With such functions, the LULC maps can be
well represented in the earth model. We can evaluate the
cities by thematic maps, terrain and morphology of build-
ings. One of the weak points of the GEAPI is that if the
KML file size is too big, the loading time of data becomes
quite long. To solve this problem, separation of the study
area into several small tile parts would be an effective
method.

3.2 LULC categories
LULC data were categorized into eight classes: urban
dense, urban sparse, forest, cropland, grassland, bare land,
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Fig. 3 LULC map in 2000 (a), LULC map in 2014 (b), land
cover change map between 2000 and 2014 for Dubai (c). Fig.4 Center area of Dubai.
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water and other land. The class of other land includes
clouds, shadow, snow and other conditions. This classifi-
cation category was followed in Lwin and Murayama
(2013).

With the WEB-GIS, we can compare two time periods
for each city. Fig. 3a shows LULC map for Dubai in 2000,
and Fig. 3b in 2014. We can understand what kinds of spa-
tial changes have occurred since 2000. Fig. 3¢ shows the
LULC change for Dubai during the last 15 years between
2000 and 2014.

The LULC changes in Dubai are dominant especially in
the central area (Fig. 4). The range of the central area is
about 4km?. With the 3D view of WEB-GIS, we can know
that the relationship between vertical development and ur-
ban land use change is highly correlated. In Fig. 5, the base
layer is the LULC change map for Dubai.

Dubai 2000

Dubai 2014

-

<

Fig. 6 Intensity map of energy consumption for Dubai in 2000
and 2014.
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3.3 Intensity map of energy consumption

The intensity map of energy consumption is derived by
the DMSP/OLS radiance night lights data and LULC map.
With the overlay of two datasets, Fig. 6 shows a similar
spatial distribution with the LULC classification results in
this study, and this phenomenon had been proved by many
other researches. Furthermore, by using the DMSP-OLS
nightlights data, we can monitor the dynamic change of
the city, and the night-time data can be used to map the ur-
ban fringe (Zhou et al. 2014).

On the other hand, the results of the energy consump-
tion intensity map in the WEB-GIS can only perform the
pattern, range and intensity of the human activities. The
actual values of the energy consumption were not dis-
played in this study. Thus, Fig. 6 does not indicate the ac-
tual values of the energy consumption. The reason is that
there is still no appropriate method to measure the actual
quantity of energy consumption released into the air by hu-
man activities. At any rate, based on the spatial pattern of
the energy consumption and degree of urbanization, the
user can understand the human activities and urbanization
process much better than before.

4. Conclusion

WEB-GIS provides an easy and efficient platform to
show geographical pattern to the public. With our GIS ser-
vices, users can explore the urban changes during the last
15 years. Furthermore, the WEB-GIS can help users to im-
prove urban planning more effectively by comparing with
other cities.

Acknowledgements

This study was supported by Grant-in-Aid for Scientific
Research B (No. 26284129, 2014-16, Representative: Yuji
Murayama). The authors wish to acknowledge Gerasimos
Voulgaris for his valuable comments.

References

Bing, C. and Guang-yu, S. (2012): Estimation of the distri-
bution of global anthropogenic heat flux. Atmospheric
and Oceanic Science Letters, 5(2), 108-112.

Chen, B. and Chen, L. (2014): Anthropogenic heat release
: Estimation of global distribution and possible cli-
mate effect. Journal of the Meteorological Society of
Japan, 92, 157-165.

Elvidge, C.D., Baugh, K.E., Dietz, J.B., Bland, T., Sutton,
P.C. and Kroehl, H.W. (1999): Radiance caliration of
DMSP-OLS low-light imaging data of human settle-
ments. Remote Sensing of Environment, 68, 77-88.

Lwin, K.K. and Murayama, Y. (2013): Evaluation of land
cover classification based on multispectral versus pan-
sharpened landsat ETM+ imagery. GIScience & Re-



WEB-GIS for visualizing land use/cover change in mega-cities in developing countries

mote Sensing, 50(4),458-472.

Murayama, Y., Estoque, R.C., Subasinghe, S., Hou, H. and
Gong, H. (2015): Land-use / land-cover changes in
major Asian and African cities. Annual Report on the
Multi Use Social and Economic Data Bank, 92, 11—
58.

Tait, M.G. (2005): Implementing geoportals: Applications
of distributed GIS. Computers, Environment and Ur-
ban Systems, 29(1), 33-47.

Wamba, S.F., Akter, S., Edwards, A., Chopin, G. and
Gnanzou, D. (2015): How “big data” can make big
impact: Findings from a systematic review and a lon-
gitudinal case study. International Journal of Produc-
tion Economics, 165, 234-246.

Yang, W., Chen, B. and Cui, X. (2014): High-resolution

mapping of anthropogenic heat in China from 1992 to
2010. International Journal of Environmental Re-
search and Public Health, 11, 4066-4077.

Yin, L., Cheng, Q., Wang, Z. and Shao, Z. (2015): “Big
data” for pedestrian volume: Exploring the use of
Google Street View images for pedestrian counts. Ap-
plied Geography, 63,337-345.

Zhou, Y., Smith, S.J., Elvidge, C. D., Zhao, K., Thomson,
A. and Imhoff, M. (2014): A cluster-based method to
map urban area from DMSP/OLS nightlights. Remote
Sensing of Environment, 147, 173-185.

Received 10 September 2015
Accepted 5 November 2015

25






