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INTRODUCTION

The rate of growth of urbanization over the past years has been very rapid. In order to tackle risks of urbanization, we

have to understand spatio-temporal urban growth along with various aspects of urban infrastructure growth (e.g. power,
transportation, water facilities), and evolution of land use/cover, economic activities and population.

Southeast Asia (SEA) has been going through a rapid rate of urbanization, with the urban population percentage increasing
from 32% to 47% between 1990 and 2014, and is projected to reach 56% by the year 2030. The high urbanization rate poses
numerous challenges including infrastructure design and resource management. With a population of 600 million people
along with megacities such as Jakarta, Bangkok, and Manila and with many cities located along coastlines, in flood plains,
or in active seismic zones, SEA is susceptible to heavy losses (e.g. 2007, 2013 floods in Jakarta, 2011 Thailand flood) during

natural catastrophes.

GOALS

> Assessing spatio-temporal characteristics of urban growth in 15 major SEA cities to aid exposure and resilience analysis.
> Modelling urban growth coupled with road infrastructure for SEA cities.

APPROACH AND RESULTS

> Assessing spatio-temporal urban growth:
Employed remotely sensed night-time light (NTL) data and spatial brightness gradient approach to extract different levels of urbanization. Calibrated NTL data (due to absence of

on-board sensor calibration), assess efficiency using sum of normalized difference index (SNDI), and perform spatio-temporal analysis of urban growth.

SEA night-time light image (Source: NASA)
105:"0'E 120:’0'E

g_ i‘*"“""“ﬁm 7 _§
Go #.7: .. '_, A OO
o Yangon (RGN)'_.‘ e od ™

Nzl x Manila (MNL)

Baﬁ@mﬁ)" o *l

' Pinom Penh (PNH)
z Y, " _ PO Chi Minh (HCM) y £
S 4 s A E
o (s g Davao (DVO) | ¥

R . a
; b %4 -
Medan (MON)
x iggala Lumpur (KUL)
- f*‘s_lngapors (SN} ©
o | ‘& Batam (BTH) =)
) E )
d ¥ Digital Number
' .  Makassar(Mks) L0
Jakarta (JKT) L -8

: 5% .. Surabaya (SUB) :
% SEA Region Ba.:ﬁ"{ma; A =;ff: o
©]0 200400 800 1200 1,600 s | o
= 105°0'E 120°0'E 2
SEA NTL composite (6-bit radiometric

resolution) for year 2012 with 15 major cities;
later calibrated and used to extract countryside

(CS),

Peri-urban (PU) and Core-urban (CU)
categories using Brightness Gradient approach

Normalized Area

0.9 ¥  Countryside v
o Bandu n;g e Pariurban Bangkok v Batam
- v Taa
,"""-'I""""""'!'U'"V"'"*"U""" 4 Core-urban . — .0
v e  ACTTL
0.5 & LI & e
‘ . ‘?I""t*4&5-{:"!‘-!1‘-*‘-".?.'5.‘.*= .............. S
0.3 [ FwwwygPyewet it sy gy mn--‘--"""""wl ke t-,}:" i Y ]
0.1 &A.h.g..ﬁ.‘.‘.‘,.‘.!...H.‘.E.t.‘.‘.‘.n.d.'! v 1. “-“.“"_“._‘.:‘-i ‘.i A A
0.9 AR At S
v Davao v Ho Chi Minh """---t,__ Hanoi
v . g R
L4 v L v Fry ®
L I A, S SRRSO SR 4. A, Yy MR S
Y gTYy Y """--',,_ v
v e
0.5 AT T AT
. A RAS Sy L,
0.3 Forogrorn B ML e S ., 1 + '.:'_._,.F-.
_____ T w P et
---- “‘,a.ﬁ-sau“ P
e = 3 g Tee
0.1 e R e T T e AT L X dbe TP
0.9
Jakarta Kuala Lumpu Medan
0.7 Yoy
v v L Sl ILCVFITIU 7 S vy ¥
'..:l o T Ty ...!.,.:....v..;.é.'_',:_,_* _____ x Y. AR A & b L TR
0.5 . Ee,,
.
TYyges Aaa:
- . s ¥ - . -
L U St 5 - N A ALY L . -
0.3 ."'H".' ......... FE e W X et [ o T + e “‘“‘- 'v‘-! v L - .l L TP LR E LT S s .8
.‘.‘.'.‘....|.‘-‘--”“-‘--l-':'ﬂ'x"'""...l.‘" oy "S"“ ® Py
0.1 FUPRY WO War Neamerppee TRT ST Wl
0.9
Makassar Manila . Phnem Penh
bl PR = v
0.7 IR . . v Y 'T". rYT ¥
------------- v g T A gt X NI v Trtrg,
0.5 - v 'f'v-‘..,'_!_"_\..:'*'_!"_".__I A "mv v wy Ty Ty
............... B L bl ""V' "'V"---v.:_ - Y - * -y
0.3 ™ L .--.-.1.......;.1. ...... - BT LT ey " .'.'.-“'I'
al B b e g el adas e L.
- [ S Tt Lo Sk ety k. ¥
B el W SRR T Ll S i iy repseene
0.1 [ gt gy e 9_‘_‘_‘...5.41--‘-1'21'1'1‘ a%
0.9
Singapore wy Surabaya ¥ angoon
N N - Fvy Tty
M v S B _'-.“"' Y v
051 .Y « FY v YvilwXa..¥ v
MRS 2 i R B PO s manP TR b AT
g ol H I N I e, T T e [ ] v
0.3 4,‘,g:i:;.;:::‘:_-.....:-..-...-I';-m‘;;.' P T L PO L D] .*
.......... . i
P N W S A S ¥
Y PSS T g i 5
0.1 PUPW PR W STRE T D L LaTagas

1992 1996 2000 2004 2008 20121992 1996 2000 2004 2008 20121992 1996 2000 2004 2008 2012

Year

Temporal change of different NTL-derived urban categories (CS, PU and CU) and
linear trends for 15 SEA cities; the decreasing (increasing) trends in CS (CU)
categories are stronger compared to the PU category, which is an indication of
increasing urbanization; Bangkok, Singapore and Kuala Lumpur have a stronger
urbanization trend compared to other cities since the CU category crosses the PU
and CS

> Modelling urban growth coupled with road infrastructure:
Used remotely sensed data (Landsat sensors) between 1987 and 2017 to generate spatio-temporal urban expansion maps (Land Use Land Cover - LULC) for SEA cities.
Used Open Street Map (OSM) road network data for SEA cities for 2017.
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(b) Landsat derived LULC classified maps for 1987 (left) and
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(d) OSM road network vector map (left) and road network density map

(right) for 2017
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(c) Urban land expansion 1987-2017
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Comparison of Landsat TM derived urban extent with
NTL derived urban categories for Jakarta, Bangkok
and Kuala Lumpur; NTL-derived CU category is in
good agreement with the Landsat TM derived urban
land cover map with the NTL CU region consistently
enveloping the Landsat TM urban extent
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NTL derived urban transition map for Jakarta, Bangkok and Kuala

Lumpur (1994-2008); in general all cities have experienced significant
CS-PU transitions
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Rate of change in NTL urban extent from 1995 to 2010 (normalized
w.r.t 1995) with rate of change in population; strong correlation with
the population growth for the SEA cities with inland cities showing
an unrestrained spatial growth with population

CONCLUSIONS

2 3 a5 4 ¢ Results show strong spatio-temporal trends in urbanization

Iny =0.0002x% - 0.0146x2 + 0.2541x - 2.5364
R2=0.95

with time

Key observations:
> Investigated the relationship between road

(e) Fitting curve of road network density and
urban expansion rate ( * - Turning Point)

networks and urban expansion in SEA cities

> It is observed that the logarithmic urban °®
expansion rate with road network density
follows an inverted concave pattern

» Turning point (TP):
degree of the effect of road network density on
urban expansion changes

> TP serves as a resilience and sustainability %
indicator in terms of promoting proper urban
and infrastructure planning
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for all 15 SEA cities analysed

¢ Medium and high urban categories were generally found to
Increase over time whereas low urban category decreased

»* These trends were found to vary for each city with their
differing socio-economic and geographic characteristics

¢ The urbanization trends showed strong correlation with the
population growth

Turning point useful for urban expansion vs road network
density analysis; helps to identify rapid urban expansion
zones within each city depending on past data analysis

Helps to improve rationality of spatial urban planning -
necessary for developing economies such as SEA cities
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