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Abstract

LUirban impervious surface in the Form of roofiops, street pavement, parking lois,
ete. 15 an important contributor to water pollution, urban heat island, flash
Moods and other environmental degradations. While stedies on the extent of
mpervious surface are common n advanced countries, few have been carmied
out in developing countries. This paper discusses o study on the nature of
impervious surface coverape in a southern city in Maloysia, The study focuses
on impervious surface in several residential areas, looking at the relationship
between impervious surface and housing density a5 well as the source of the
surface. Femote sensmg images . combined with some GIS fechoigues were
employved for this purpose, The percentage of mpervious surface measured
ranged from 40-95%, well above the values indicated from similar studies
oversess. While density was a [actor in the amount of impervious surface, it was
not the only factor. Other factors such as policies on impervious surface control
were also important as illustrted by comparison of the results of this study o
similar studies reporied in the USA. Based on these findings, the paper offers
several steps towards reduction of impervious surface in residential arcas,

Kevwords: Impervious surfoce, remwoie sensing, GIS,  residential
imperviousness.
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INTRODUCTION

Any material coverimg the ground that prevents infilicdion of water into the soil
can be classificd as an impervious surfoce (Amold & Gibbons 1996), While it is
not u single homopeneous quantity, when impervious surface is used as o
landscape indicator it is typically presenied as a percentage of the land that is
covered with impervious materials. The word feperidousness is also regularly
used to refer o the extent of this percentage.

Impervions surfaces come in different types such as paved surfaces
(roads, parking lots. sidewalks, e} and boilding rooflops  that  fall
unambiguously under the definition of impervious surface, Yot therd ane also
traditionally pervious surfaces, man-made and natural, thal are so heavily
compacted that they become Runctionally impervious. Examples of these are
compacted soil in construction areas, dint roads, bedrock outerops and, even to a
cerlain extent, grass turf in our residential areas. This paper, however, focuses
on the carlier category of impervious surfaces, ie. paved surfaces and building
ronfiops.

It is & fact that urbanisation carries with it o series of envirsimerial
concermns such as water and air pollution a5 well as increase in temperature and
oceimence of Mash Boods. On many occasions have these been linked fo the
extent of impervious surfece, an indwaior that defines  wbanisabon. As
development alters the natural landscape, the percentage of land covered by
imparvious surfoce also alters, ie it increnses. Increase i urban impervious
surface has heen identificd by many studies as an important contributor 10 3 host
of urban problems including water pollution, urban heat island, fash loods and
other envirpnmental degradations (Hammer 1972; Booth 1991; Schueler 1994
Amold & Gibbong 19964),

While studies on the extent of impervious surface are common in
advanced countnies, onfy a few have been carried out in developing countries,
Lacking empirical local values, guidelines or monuels requiring the wse of
impervious surfeEce estimate simply adopls valoes from overseas such as the
case of Manual Saliran Mesrs Alam or MSMA sdopting values from Australia
(MEMA 2012} The justification for such action comes into question given our
different approach towards development, In view of that, this peper discusses a
study on the nature of impervious surface coverage in Johor Bahm, Malaysia,
The study focuses on imperviows surface in several residential areas, lookmg at
the relatiomship between impervious surfice and housing density as well as the
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source of the surface. Remote sensing images combined with GIS techniques
were emploved for this purpose.

IMPERVIOUS SURFACE IN HOUSING AREAS

There have been very few studies {if any) on the amount of impervious surface
par unit urban area in Malavsio, even though impervious surface has been
recognised as an important indicator of urbanisation and its associated impact
on the enviromment. The parameéters conceming impervious surface that have
been adopted For local uses, in runofl estimation for example, are those Trom
developed countries such as Australia and the USA. One example of empinical
values obtained from overseas is those reported by the 5Soil Conservation
sarvices (5C5) in the LISA listed im Table 1. The validity of such values for
usage in Mataysia is however guestionable due to several factors. Our more
eompact housing aress would in theory lead to higher percentage of mmpervious
surface per umt area. The maximum density of single-family housing in
Maulaysia which can reach up to 30 units per acre, for example, 15 much more
thon the moximum depicied n the table. Other factors such as building desien,
street standards, and subdivision regulations are also different from those in the
USA and wounld definitely influence the amount of impervious surface, Thus, it
has been long overdue that we Enow exactly the extent of our impervious
surface and its relationship to urbanisation,

Tahle |: Impervious surface nocording to urban land use (SCS. USA)

Ushan Land Use Average Impervious Surfsce (%)
Commercial Aren ]

Incbustrial Area T2

fige A s i 1 L% J;

¥ umifs’neres or more 63

o e neres ik

3 umits’acres Bl

2 umits/acres 25

1 umits'acres 0

172 units'acres ) 1 -

The relationships . between the chamctenstics of housing  aress,
particularly density and design, and the amount of impervious surface have been
studied extensively in developed countries (see Majid 2005; Stone Jr. 2004:
Capeilla & Brown 2001}, Majid (2005), for instance, showed thal the amount of
mmpervious surface was correlated to density and design in a non-linear manner
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(Figure 1). The pgross densities calculated in his study were however relatively
low compared fo what is prevalent in Malaysio, Le 0.5-0 uniisfacre in contrast
to nbout 4-30 units‘acre in Malaysia, Thus the impervieas surlace percentage of
between 10-40% reported by him would be well below what 15 expected for
housing areas m Malaysia whose densities are fgher.

In sddition 1w density, the design of housing layout also plays an
important role in determining the amount of impervious surface. In the same
study, Majid (2005) also reported that conventional layouts (where the whole
development parcelled out mio individual housing lots) resulted in higher
imperviousness than cluster lavouls (conservation lavouts that leave some open
sparee for conservation). The difference in imperviousness level between the two
layoul types is shown m Figure | while Figure 2 highlights the many
advantages of a cluster layout over a conventiomal one, Though originally
promoted for conservation of crtical open spaces, cluster lavouts have lately
been promoted more as an altemative design fo reduce imperviousness (Armold
& Ciibbons 19%6; Schucler 19946 Arendt 1996,
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Figure 1t Impervicus surface vi housing densaty in Morth Careling, USA
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Depending on fot size and the road network, Schueler (1996) claims
that cluster development can potentially reduce site imperviousness by as much
as 10-50%. In dewsinv-nentral provision for cluster development, a developer is
still committed to the total units a5 in conventional development but has the
Aexihility to place them in 8 way that 1s more responsive to the physical
characteristics of the site. In spie of more open space, density 18 mamtained by
allowing smaller lots than the conventional developments. Smaller lot size that
results m narrower and shallower lots also helps reduce the lineal length of
streeis and tofal lengih of driveways. Clustening lois closer together also resulis
in sharter roads.
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Figure 2; Cluster v conventional (siandord) lnyoul
Nowreers Aol & radibaiy [

Cluster housing levoul as practized in the United States (Figure 23,
however, {5 rare in Malaysia. Without specific regulations requiring it, housing
developers in Malaysia are more content to turn the whole development info
houging or commercial lots, leaving only 102 of the areg for open space as
required by law. Even for the conventional layvouts, there are still vast
differences between housing lavouts in Malavsia and those in developed
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countries, Different street designs, for example, might comtobute to the
difference in the overall impervious surface amount. In addition to that, a
peculior Malaysian penchant for paved compound around their houses, that is to
i@ <ertaim extent encournged by lack of specific reguladions conceming
impervious surface limits, does also contribute to the amount of impervious
surface.

REMOTE SENSING AND QUANTIFICATION OF IMPERVIOUS
SURFACE

Remole sensing is o methisd which récords the information of an abject or a
phenomenon on earth surface from afar by using electromagnetic wave. It is
usually done through rmage interpretation gained from afar by using the satellite
oF aircrafl. Mot remnole sensing image mterpretalion now wses satellite images
of various brands and resolution due to low cost and high resolution, Some of
the currently popular images in accordance to reselution are AVHER (low
resalution), Landsat T and SPOT (medimm resolution), and IKONOS a5 well
as Quickbird (high resolution).

The study of the relationship between imperyions surface and Band wse
has long bepgun since 1970°s i the field of urban hydrology (Brabec et al
2002 According 1o Brobec & al.{ 2002, the total size of impervious surface can
be measured through four methods; 1) identifying impervious surface in the
acrinl photo and made measurements by wsing planimeter (example Safford ct
al, 1974, Graham ef al. 19743 2} by placing grids on the aerial photo and count
the number of squares covered by Impervious surface and other land wees
fesample: Gluck and MeCuen 1975; Hammer 1972; Hagan & Jackson 1975); 3)
wsing the method of remote sensing image classification {example: Ragan and
Jackson 1975); 4} corresponding the percentage of urbanisation rate with the
percenlage of impervicus surface (example: Morsawa & LaFlure 1979
Several studies also show that there is a significant difference betwieen the
relationship of mmpervious  surface percentage and  demographic  factors
including population density, household siee and number of job oppenunities
(Stankowski 1972; Grahom et al, 1974, Gluck & MeCuen 1975). However,
these studies depend solely on the study areas chosen, and sre unsuitable o be
implemented for all wban areas,

The early mapping of impervicus surface by wsing romote . sensing

images has begun by inferpretmg visual serial photos but this method s
complicated and time consuming when a lurge area is involved. Besides, the
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mainiEll method 5 subject to a high tendency of humim emor, aven by skillad
personnel, The agrial photos gre also mken on different dages and scales, which
need further rectification, digitation and time consuming interpretation. The
establishment of Land=at Muluspectral Sensor Satellite in year 1972 has
provided the digstal satellite image world with full view of the earth surface. By
using these images, exclusive computer programs and mmpervious surface
measurement through spectral analysis method begin to produce outputs
comparablo to that of the manual method - within a shorter time (Ragan &
Jackson 1975).

Compared 1o aerial photo, remote sensing images covers a larger area
and produce a more consistent autput — which can also be used in GIS. After the
classification procedure has been determined for a certain image, all (he
remaining images shall be classified wsing the same procedure in a shorter
amount of time, as compared Lo the mansal method. Other special attribute of
remole sensing image is that is has spectenl wires which resembles various types
of land cover spectral reflectance.  For instance, the Landsat TM Image has six
i6) spectral wires, comparing o coloured aerial photos — which only have three
(3], and biack and white aeral photos — which only have one (1),

The weakness of remole sensing imope 1s it larpe pixel size for ceraim
cheap images; Landsat TM with 30m x 30m pixel, for instance, However, there
are expensive small pixel images such as [KONOS (4m x 4m for multispectral,
Im & Im for penchromatic), Quickbird (24m x 2.4m for multispectral, 60cm x
llem for panchromatic), Geoeve-1 (1.65m x 1.65m for colour and (0.41m x
0.41m for black & white) and Worldview-2 ((L46m x 0.46m for panchromatic
immges). Large sum of monetary ¢ost would be required if used on a wide area
by using these high resolution images because it implicates a large number of
images to be produced. For the cument study, Quickbird Image shall be
employved for the area of Johor Bahru Tengah Municipality (MPIBT) and Kulai
Jaya Municipality (MPKJT).

The earlier method of impervious surface measurement using spectral
mformation from remote sensing images arg classification method and other
clustering, thresholding and modelling methods (see Wo and Murray 2002,
Rashed et al. 2003), The outputs are usually presented in the form of maps
which shows the existence of impervious surfaces in certmin pixels. Forster
(1985} reminded abowt the inaccuracy of this method due 1o the large pixel size
in representing a land use or, it is impossible for 2 whole area to be covered
with impervious surface, and vice versa. However, this statemenl was done
baged on the pixel size of Landsat TM image, which is known to be large (30m
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% 30m), The cument high resolimion satellite images such as IKONDS and
Crickbird will prodoce & more sccurate output by using the same method.  The
current methods are vsed for the purpose of improving this weakness by
combining machine leaming algorithms and spectral mixture analysis to gel
impervions surfmoe al the sub-pixel levels. This method s more aceurate and
s been proven by Flanagan & Civeo (2001 ), Wang ¢ al. (20000, Ji & Jenson
(1999, Wu & Muorray (2002), Ward et al, (2000), Rashed et al. (2003) and
Yanz el al. (2003}, Based on the corly visual checks. 1t shows that the contend of
impervicus surface i the study is high, Hence, the curvent study shall employ
the method of classification based on pixel; not sub-pixel for the purpose of
impervious surface measurement, The Riph content of impervious surfice and
high resolution images used has been predicied w be able 1o provide accurate
mformation on the real content of impervious surface in a certain housing area.

ESTIMATION OF IMPERVIOUS SURFACE AREA

Motivated by the lack of specific information on the amoumt of impervious
surface i urban housing arcas i Malaysia and the desire to compare this
amounl bo those reporied by studies carvied out i other countries, the authors
set out the study with the following objectives: 1) to guantify the amount of
impervious surface in urban housimg aress in Maolavsid using remole sensmng
irmmpes (Cinekbird imagesy 27 10 establish the relatienship Between the amount
of impervious surface as the dependent varinhle and density of housing as the
explimatory or mdependent varable: and 3) o compare the extent of resideniial
imperyiousness in Maolavsia o those in other countries,

The study was carried oul theoueh ihe following four steps:

Step 1 Identifying residentiol areas with different densities (o messure the total
stee of unpervious surface;

Step 20 Processing Quickbind Satellite Images by intograting various remote
sensing techniques with GIS in order 1o calculate the total size of impervious
surface,

Step 30 Goenerating & regression moglel, which is able io forecast the total size of
impervious surfisce based on the densities of the residential areas; and

Slep 4: Recommending policies and planning pudelines which are able 1o
minimize the total size of impervious surfece, The following section introduces
the study aren and discusses the detailed steps mvalved.
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Sty area

Since the study was to investigate the percentage of impervious surface in
housing areas, 15 unil of analysis was urban housing aress located in two
municipalitics in the southern part of Jobhor, The two municipalities were Johor
Bahru Tengah Municipality and Kulai Jaya Municipality. Johor Bahru Tengah
Municipality covers an area of 339 km’ with a population of roughly 525351
while Kulai Jaya Municipality has a population of [30,000 witlin an area of
747 km”. A total of 11 housing areas were randomly selected for the study and
Figure 3 below shows ther locations. The housing areas come in various sizes
from as small as a few hundred acres to as large as close 10 o thousand seres,
The age of the housing areas varies from as old as 30 vears (Taman Jova,
Faman Aman) 0 ps voung a5 less than 10 years (Taman Pulal Emes, Tamin
Pulai Jaya). The gross density of each housing area too varies but what is of
mterest here is the demsity of each housing type which would in the end
determine the amount of impervious surface.

Figure 3; Study Area Showing Sampled Housing Estales
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Data and Image Processing

The stwdy wsed two forms of mw data, e CumckBind 06m remole sensing
images of the study area and digital lovout plans delineating the housing lots
and boundaries of the housing areas. All of the processing work was done on
ERDAS Impgne and AroGlS 9.2, Pre-proceszing of the suellite images using a
peemetric cormection technique was first camied out on the images before they
could be vsed, Rectification of the satellite images 1o the local coordinates,
Rectified Skewed Orthomomphic (RSO} coordinates, was cartied out with the
help of & GPS receiver for collection of ground contral points withm the study
A,

The following stage involved clossification of the images in order to
distingush impervious surfsces from previows coes. The classification process
involved both unsupervised and supervised classifications, The results of the
classification progess were classificd images that had only two types of land
surfoces, ie impervious and pervious surfaces, The classified rasier images
were then converted inte vector format in ArcGlS 9.2 for quantification of the
amount of impervious surface. In order to do this, the vectorised classified
imagzes were overlaid with the digital layout plan before the images for sach of
the 11 housing areas were clipped out. Figure 4 shows one such housing area
with the mmpervicus and pervious surfaces classilied.

T Lreeareh, Shatl ¢
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Figure 4: Classified Surface for a Howzing Area
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The trend of urban housing development in Malaysia is that each housing aren
or estate would heve o mixture of houses butlt in zones differentiated by house
types. Thus, in a housing estate one would normally find bungalows in a zone
separated from semi-detached (semi-D or duplex) houses which are in their own
wone separated from terraced (linked) houses and 50 on. In order to copture the
whole range of housing densities, the study made use of these existing heusing
categories for sampling of house groups to cafculate the amount of impervious
surface. Figures 5 shows typical house types in Malaysian housing estates. A
total of 28 housing samples from the selected housing cstates were randomly
chosen for analysis. For each of these housing samples, the percentage af
impervious surface was compuled using zonal summary lechnigue of ArcGIS
ol

PN, Y

X A

e =

Figure 5: Typical housing types: linked, semi-detached and bungalows (lefi to nght]

RESULTS AND DISCUSSIONS

The ensuing discussion will highlight the relationship between degree of
imperviousness and housing density, Before looking into the relationship
between the two variables, however, it is appropriate that we look at the basic
stafistics of the varables cellected in the study areas. Thiz will give us an
overview of the characteristics of the bousing areas studied, especially those
conceming intensity of development and impervious surface.

For the three housing types that are the subject of this study, Table 2
gives the details of their densities, In general, densities of the houses cover guite
a range from as low as 3 units per acere for bungalows to as high as 30 units per
acre [or linked houses, These densities seem o double from one type to another
of higher density. The mean density of linked houses, for example, is twice i
of the semi-detached houses which itself 15 about twice the mesn density of the
bungalows. Overall, it is evident that housing densities in Malaysia ase much
higher than those in the developed countries where previous studies on
imperyvious surface had been carried out (see Stone 2004, Majid 2005; Capeilla
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& Brown 20011}, Bungalows and semi-detached in the USA, for instance, are
built in densities of 2-3 and 4-6 unils per acre respectively, It s difficuli to find
the density of linked howses in the USA ag this type of housing is not papular
thitre.

Frrt et

——t Demsity {uniteluere) Nmpervhius Surface (%) |
Sxalistic Rzl D.ilﬂl:;d Linked | Bangalow l}f:'!:;d Linked
Mimirmumny in 5.0 | 1ddd And 504 ai0H
Mlaximuam 1Ak 1500 LK U ds 134 52
blizn 0 04 A 4 Th i RE.2
Meclinn 5.3 10 ILR] e a0 R B
S Dew, 10 1.8 i 4 b | 14,1 L
Sampleqny | 4 ) 0 | 17 4 2| B

Tabhle 2.0 also mcludes the siatistical swmmary of the percentage af
impervious surface for each housing tvpe. They mange from as low as 400 for
bungalows to as high as 9% for linked houses, As expected, the higher the
density the more the impervious surface. The linked houses have the highest
mpervious surlace parcentage that mnges from the minimum of 61% to the
maximum of almost 100%%, with the mean of 88%. Given the density of this
kind of housing that can go up o 30 single-Tamily units per acee, 1he high
petcentage of impervious surface is expecied. What is not expected is the high
percentage of impervious surface for the bungalows. At the mean density of 6
units per acre, the mean impervaoss surface percentage of these bungalow areas
pre @l 69% which exactly doubles the impervious surface percentage of
American bungglows at the same density (See Figure |

Among the factors that coniribuie to the higher percentage of
imperviois surface in Malaysia are the road design standords that allow for
excessive pavement, the praciice of converbimg green compounds into paved
ones by some house owners and of course, since we re comparing to overseas
planning regulations, lack of regulations m Malawsia that set the limits on the
percentage of impervious surface. O the two major components of impervious
surface studied, rooftops made up on average 7084 of the total amount of
impervious surface while rosd pavement made up 25%. The remuining 5%
consisted of driveways, fompath, etc,

Figure 6.0 plots the relabonship between imperviousness and densaty.

The nonlinear Aoed curve shows how impervious surface increases rather
dramatically from density of | unit'acre to 10 umis‘acre and then starts to taper
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off from there on to about 90%. Winety percent is the ultimate impervious
surface percentage due fo the regulations in Malaysia that require 10% of
housing aress should be open spaces, and open spaces in most cases in Malaysia
mean green vegetation, Comparing the curve of Figure 6ia) to that of Figure |
for the sume density range showcases a contrast i term of how impervious
surface predominates the housing landscope m Malaysia. It 18 no wonder that
some of these housing estates are experiencing varous environmental
consequences brought about by this style of urhan development. Among the
environmental consequences are urban beat sland, water quality detenioration,
fash floods and transformation of beauriful natoral streams into disgraceful
urban conerete drams.
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Figure f: Impervious surfice ve density: £a) Nonlinesr; (b) Linear

Logit transformation of the dependent vanable in the relationship gives us the
linear regression model of the percentage of impervions surface and housing
density, The linear model is given by

In{¥i(1-y)) = 0.6716+0.08x (Eq. 1)

where:
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y = proportion of impervions surfice.
% = housing densily (untis/acre)

Statisticel tesis indicate that the relabionship is signilcant {(p=0.01] with o rather
low muliiple B-squared of 0,25,

The resolts of the study show that impervious surface 15 directly correlated 10
density. This conlirms the trend observed overseas. What is more important in
this study is the fact that the amount of impervious surface in our bousing arcas
is relatively too high, Too hgh that it causes o lol of enviconmental problems
previously alluded to in the beginning of the paper. The amount of impervious
surface calculated, 40-90%, cannot sustain wny form of lives in the streams as
stucfies by various researchers (Schueler & Claytor 1997; Boodh 1991; Booth &
Tackson 1997) have shown that watershed with impervious surface between 20-
60 will kil the stream,

CONCLUSIONS

Reducing the amount of impervicus surface would be easy if only the authority
were determined cnoueh to do so. There are several ways o achieving lower
imperviows surfoce, Ameng them are: 1) imposing a linnt on the percentage of
impervious surface per subdivisional lots or per development; 2) reviewing of
existing road standards that are outdated and very penerous on pavement
skinny sireets are now the rend; 3) encouraging more cluster development and
verlical density — the two types of development that would have any chance of
conserving the environmenially sensiive areas while being neutral on density
(Richards, Anderson and Santore 2003) 4] regulating renovation of the houses

renovation that increases the amount of impervious surface within a lot should
be tightly regulated; and 5) more usape of porous materials for pavement or
interlocking blocks that encourage water infiliration. There are of course
numerows other steps o either reduce the amount of impervious surfice or Lo
reduce the impact of impervious surface.
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