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REMOTE SENSING AND GIS TECHNIQUES FOR URBAN GROWTH
MONITORING OF BASARAH CITY

Salah A. H. Saleh'

Abstract. Bosaroh city has experienced o ropid urbon exponsion over the lost decades due
to occeleroted economic growth. This poper reports on investigation into the applicotion of
the integrotion of remote sensing ond geogrophic information systems (GIS) for detecting
urbon built up growth for the period 1973 - 2002, ond evoluote its impact on the
environmentol situotion of Bosorch city by onalyzing the spatial distribution of urbon
exponsion occording to lond cover types ond normolized difference vegetotion index

(NDVI).

The integration of remote sensing ond GIS wos found to be effective in

monitoring ond onolyzing urbon growth potterns ond in evoluating urbanizotion impoct on

surface conditions of Boghdad arga.
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1. Introduction

In Bosoroh, lond use ond lond cover
potterns have undergone o fundomentol
chonge due to accelerated expomsion since
1958. Urbon growth has been speeded up,
ond extreme stress to the environment has
occurred. This is porticulorly true in the
city where mossive ogricultural lond is
disoppearing goch yeor, converting to urbon
or related uses. Evoluating the mognitude
ond pattern of all Iraq's urbon growth is on
urgent need. Furthermore, becouse of the
lack of appropriote lond use plonning ond
the meosures for sustainoble development,
rondom urbon growth hos been creoting
severe environmentol consequences. Thus,
there olso is o need to ossess the
environmentol impoct of the ropid urbon
expomsion.

The integration of remote sensing ond
GIS hos been widely opplied ond been
recognized as o powerful ond effective tool
in detecting urbon lond use ond lond cover
chonge (Ehlers et al. 1990, Treitz et al.
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1992, Harris ond Ventura 1995). Satellite
remote sensing collects multispectral,
multiresolution ond multitemporal dota,
ond turns them into information voluoble
for understonding ond monitoring urbom
lond processes ond for building urbon lond
cover datosets. GIS technology provides o
flexible  environment  for  entering,
onolyzing ond displaying digital dota from
various sources necessory for urbon feature
identification,  chonge  detection  and
dotobose development. However, few of
the urbon growth studies have linked to
post-chonge detection environmentol
impoct onalysis. The question of how to
develop on operational procedure using the
existing techniques of remote sensing ond
GIS for exomining environmentol impocts
of ropid urbon growth remoains to be
onswered.

The main gool of this reseorch is to
demonstrate the integroted use of IKONOS
sotellite date ond GIS in evaluote urbon
growth potterns in the Basorah city.
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2. Data and Methods

The study orea is located on AL -
Bosarch Governorate southern part of Irog.
AL - Baosroh is the largest city in southern
Irag, situated on the west bank of Shatt Al-
Arob, 55 km from the Arobion Gulf ond
545 km from Boghdad (Figure 1). It is the
moin port of Iraq ond its gote to the outside
world. Bosroh is importont in terms of
Irog's ond Islom's history, ond is
surrounded by the largest plontation of
datepalms in the world. The conols which
crisscross Basroh have led to its being
known os the Venice of the Eost". About
70 km north of Basroh is Qurno ot the
junction of the Tigris ond Euphrotes:
according to legend, it is the site of the
Gorden of Eden.

Urbon exponsion detection of Bosaroh
city for the period 1973 - 2002 was
conducted using high resolution Londsat
satellite imoges.  Images processing for
urbon detection as described in Figure 2.
Registration of Londsot imoges using
twenty ground control points (GCPs)

(mostly road intersections close to Basroh
center) were  selected, then  lingar
tronsformation were opplied. The root
meon square error (RMS ;) were equal to
0.5 pixel Resompling  operation  for
registered imoges were conducted by
neorest neighbor method. ERDAS 8.4 well
known imoage processing software is used
for the operation of registration process.

Histogrom odjustment have used for
minimizing otmospheric effect. This simple
method is based primorily on the foct thot
infrared data.  ore lorgely free  of
atmospheric scattering effects, whereos the
visible regions are strongly influenced by
them. Normally the doto collected in visible
wavelengths have higher minimum volue
due to the increased otmosphere scottering
toking ploce in these wavelengths. So if the
histogrom is shifted to the left so that the
effect of otmospheric scottering will be
somewhot  minimized.  This  simple
olgorithm models the first order effect of
atmospheric scattering or hoze.
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Figure 1. Study Area Mop.
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Lond cover potterns were mapped by
un-supervised  clossification  method.
ISODATA  un-supervised clossification
algorithm used to clossify the Londsot
imoges using bonds 2 (green), 3 (red) and 4
(near-infroared).

GIS roster overlay process is opplied os
urbon exponsion detection method for
Basaroh city at the period 1973 - 2002 by
using ArcVliew 3.3. visual screen
digitization technique wos used for
colculation of Basarah orgos in 1973, 1990
ond 2002 .The urbon built up argas were
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identified as polygons os it shown in
Figure 3.

For the surface temperoture estimation,
the radiation emitted from the torget on the
surface is measured by using thermol
infrored region (10.4-12.5 pm) of Londsot
imoges. Lond surfoce temperoture of wide
oreos con be extracted under assumption
that satellite sensor should have proximity
to the black body. In this study we
estimoted the surfoce temperoture using
NASA model.
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Figure 2. Imoge processing and onolysis for urbon exponsion of Bosoroh City
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The digitol numbers were transformed
into absolute rodionce (Schott & Volchock,
1985); Using:

L(A)= GAIN * DN +OFFSET. €))

Which con olso be expressed as:

LA= (Lmox - Lmin)/255 * DN + Lmin (2)
where: L Ais the spectrol rodionce, Lmin
ond Lmox [mW.cm™sr'um™] are spectrol
radionces for goch band ot digital numbers
0 ond 255 respectively. For TMS the
values of Lmin ond Lmox are 0.124 ond
1.560 [mW.cm™sr”'um™] respectively. For
ETM+ 7 the following reference values
ore given:

Low Gain: Lmin - 0.0 Lmox - 17.04
waotts/(meter squored * ster * pm)

High Gain: Lmin - 3.2 Lmox -
waotts/(meter squored * ster * pm)

The spectral radionces (LA ) were

12.65

converted into  effective  at-sotellite
temperatures T by:
T=K2/In(K1/Ll +1) 3)

where: K1, K2 ore colibration constonts.
For Londsat 5 TM the constont K1=60.776
wHm*sr *um’ ond K2= 1260.56. For
Londsot 7 ETM+ the constont K1 = 666,09
wHm > *sr*um’ ond K2 = 1282.71 K
respectively.

Then, corrections for emissivity ()
were opplied to the roadiont temperatures
according to the nature of lond cover. In
general, vegetoted areos were given o, valug
of 0.95 ond non-vegetated oreos 0.92
(Nichol, 1994). The emissivity corrected
surfoce temperature con be computed as
follows (Artis ond Cornchon, 1982):

Ts =T(K)/ (1+(T(K)/o) Ine 4
where A=wovelength of emitted rodionce
(for which the peok response ond the
averoge of the limiting wavelengths
(A11.5 pm) (M orkhom ond Borker, 1985)
will be used, a =hc/K (1.438x107 m.K),
K=Stefan Boltzmonn’s constont (1.38x10°
»JK™"), h=Planck’s constont (6.26x107]

s)l, ond ¢ = velocity of light (2.998x10% m
s).

NDVI imoge wos computed from
visible (0.63-0.69 um) ond neor-infrared
(0.77-0.90 pum) dato of the Londsat TM
ond ETM+ imoges, using the following
formulo:

NDVI=TM4 TM3/TM4 +TM 3 (5)

The originol NDVI hos the values
between -1 to +1, but we tronsformed
NDVI values into image of 8 bit (0-255)
value.

3. Result and Discussion
3.1. Basarah Urban Change Detection
We con notice from Figure 3. that there
wos rondomly growth (exponsion) in all
direction of the city. The mojor exponsion
was in north ond west of the city. Shatt Al-
Arab Shitt River in the ost ond dote palms
in the south eost of Bosoroh limited the
exponsion in these directions, they works
os notural boundary for the city. It wos
found that the increasing percentoge of city
areo, were obout 80% ond 124% for 1990
ond 2003 respectively thon 1973 oareo.
While for the period 1990 — 2002 there
was 26% percentoge increosing in the oreo
of the city.

3.2. Land Cover Classification

Lond cover of Basoroch orea wos
classified to five classes (Figure 4). These
classes representing five major features in
the study area (orchords, woter, barren lond
(dry and wet soil),

The accuracy of the classifications wos
verified by comporing the results obtoined
by classification with existing land use ond
cover mops thoat hoave been figld-checked.
From Figure 4 ond Table 1, borren lond
(dry and wet soil) occupied mojor orea of
study region which about more thon of
65% of total oreo, while 25-30% of total
areo. for other lond cover pottern (woter,
orchords, Urban arga, orgas). It is clear that
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there wos o consideroble increosing in  argos with fluctuotion in wet soil oreo
urbon oreo ond decreosing in other closses  through the period of study.

Tt TR T =

" Landsat TM 1990

Ea;sarah urban area 1990

iy

Easarah urban area 2002

Basra utban area (1973)
[ Basra urban area (1350)
oA Basra urban area (2002)
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Figure 4. Multi — Temporal lond cover clossification

Toble 1. Chonge in lond type oreo. bosed on Londsot images (negotive volues indicote o decreose)

Lond use/ Lond Areo (Pixels) Rate of lond use chonge
Cover 1990 2000 2002 2000-1990  2002-2000  2002-1990
Orchord 71820 66863 64683 -4957 -2180 -7137
Waoter 29646 35029 27287 5383 -7742 -2359
Dry Soil 115480 104271 89831 -11209 -14440 -25649
Urbon 78202 80175 81148 1973 973 2946
Wet Soil 306453 290489 338652 -15964 48163 32199

3.3. Surface Temperature

Surfoce temperature is on importont
porameter in understonding the exchonge
of energy between the eorth surfoce ond
the environment. The surfoce temperatures
were derived from the thermol bond
radionce values of TM ond ETM+ sensor
(Figure 5).

Surfoce temperotures distributions of
orea. of studies are shown in Figures 6.

78

The meon surfoce temperatures for the
study orea were found to be 32.83 °C,
28.02°C and 29.91°C for the years 1990,
2000 ond 2002 respectively. From the
figures, it is cleor for oll the studied yeors
that barren lond (dry ond wet soil) exhibits
highest surfoce temperature followed by
urbon, vegetated (orchards) ond woter
oreos. The lowest rodiont temperature is
found in woter bodies.

Internationol Journaol of Remote Sensing ond Eorth Sciences Vol. 7, 2010



Remote Sensing and GIS Techniques

-

26 September 2002

Figure 5. Multi-temporal thermal (bond 6) of Londsat for study orea
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Figure 6. Distribution of the surface temperoture (1990, 2000 ond 2002)

3.4. The NDVI

The NDVI (Figure 7) con be used as on
indicator of relative biomoss and greenness
(Rouse et al. 1974). It hos been found that
NDVI be o good indicator of surfoce

rodiont temperoture (Nemoni and Running,
1989; Gallo et al. 1993b; Gillies ond
Carlson, 1995; Lo et al. 1997). The
resultont NDVI imoge wos correloted with
the lond use/cover chonge ond surfoce
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temperoture mop extrocted from Londsat for the yeors 1990, 2000 ond 2002

imoge to study how all these chonges have  respectively. The averoge NDVI value per

interacted. ond cover potterns then is given shown in
The meon value of NDVI the study area.  Figure (8)

were found to be 0.027, 0.143 ond 0.221

NDVI (7 Sept. 1990) NDVT ( 2 Sept. 2000)

T

NDVI (26 Sept. 2002)

Figure 7. NDVI for study areo.
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—a—NDVI 2000
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Figure 8. NDVI values by land cover type for 1990 , 2000 ond 2002
5. Correlation Analysis of Surface 1997). The relationship between surfoce
Temperature and NDVI rodionce temperoture ond NDVI  waos

NDVI is negotive correloted with  investigated fostr each lond cover type
surfoce radiont temperoture (Lo et al., through correlation onolysis. Toble 2
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shows the onalysis between surfoce
temperature ond NDVI for the yeors of
study. It is opporent from the toble thot
surfoce  temperoture  volues tend  to
negotively correlate with NDVI volues for
all years ond lond cover types.

Figures (9 ond 10) shows the
relationship between the lond surfoce
temperature ond NDVI volues on the
chonge of lond use/cover types in the
Bosra region. It is cleor from the two
figures thot the results of the correlation
ond regression anolysis between lond
surfoce temperoture ond NDVI  for

Remote Sensing and GIS Techniques

different lond use/cover types possessed
negotive (-) correlation for different imoge
dates The highest negotive correlation wos
found in ogriculture field, while the lowest
correlation wos observed in borren lond
oareo.  The results olso revealed thot
agricultural areos show the lowest surfoce
temperoture ond the highest NDVI;this
could be ottributed to the foct thot the
increose in  green biomoss is  often
associated with o reduction in surfoce
resistonce to evopotronspirotion, greater
tromspiration ond lorger latent heat tronsfer
resulting in lower surfoce temperature.

Toable 2. Correlotion onalysis of Temporal Surfoce temperoture vs. NDVL

YEARS Regression Equation r r
1990 Y=0.918x+0.871 -0.306 -0.553
2000 Y=0.873x+0.106 -0.894 -0.799
2002 Y=0.848x+0.123 -0.974 -0.965
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Figure 9. The chonge of surfoce temperotures ond NDVI on the chonge of lond cover
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Figure 10. Relotionship between surfoce temperoture ond NDVI

6. Conclusions

An integroted opproach of remote
sensing and GIS was applied for evaluation
of rapid urbon exponsion of Boghded city
for the period (1973 - 2002) and its impoct
on the environment of Basarch city. The
results ore summarized s follows:

A ropid urbon exponsion of Bosroh city
noticed by remote sensing ond GIS over
the lost decodes due to accelerated
economic growth. The mojor exponsion
was in north ond west of the city. Shatt Al-
Arab Shitt River in the east ond dote palms
in the south of Basorah city limited the
exponsion in these directions.

There are noticeable chonges in the
environmental of the study area during the
period 1990-2002. There wos decreasing in
woter ond ogriculture (vegetotion ond
orchards) areo with increose in urbon orgo.
These chonges have direct effects on
NDVI and lond surfoce temperoture in the
region.

The results of the correlation onalysis
between loand surfoace temperature ond
NDVI show negative (-) correlation for oll
lond use types. The onalysis indicoted thot
woter ond ogricultural field scored the
lowest surface temperoture followed by
urbon ond borren lond (dry ond wet soil).
It is importont to mention that the

relotionship  between  lond  surfoce
temperature ond NDVI wos determined
lorgely by vegetation ond environmentol
conditions ond was thus related to the
partitioning of the energy fluxes.

The statistical onolysis of thermal
information ond  vegstotion  indices
confirms that each of them contains
independent informoation which should be
used for the analysis of environment. The
chonge of surfoce temperoture during the
yeor is dependent on surfoce cover ond
NDVI which is shown in this work. The
emissivity of different lond use cover is
therefore dependent on NDVI, and becouse
of this, of the vegetation.

The methodology employed in this

study provides on olternotive to the
traditional empirical  observotion  ond
onolysis  using in  situ  doto  for

environmentol studies. This methodology
should be possible to opply to other
regions.
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