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Abstract

Jeddah is one of the most attractive cities in Saudi Arabia. The expansion of
urban area becomes essential due to rapid population and housing demand.
Many environmental and economic problems could be occurring in absence
of correct spatial planning. In 2009 and 2011, many of people were killed and
suffered from the flash flood disaster in Jeddah. The aim of this paper is to
provide clear indicator for the change detection in the urban cover from the
period of 1984 to 2014 in Jeddah. Also it indicates Cleary the relation between
the urban expansion and flash flood hazards event. Change detection tech-
niques was applied for Remote Sensing data and integrated into GIS environ-
ment. Change detection analysis shows that the urban areas increased from
170 to 390 km’. Urban expansion increased dramatically toward north and
east. While it decreased towards south. Digital elevation model obtained from
satellite image was used to extract watershed and stream networks. Drainages
path way were blocked by residential area and contributed to flash flood oc-
currence. This study can be useful for future planning and for sustainable en-
vironment.
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1. Introduction

Urban growth leads to change in landuse and land cover change especially in
developing countries [1]. Jeddah is the main gateway to Makah. The economic
growth and the huge number of visitors and population move the wheal of ur-

banization very fast toward the expansion and progress. Such rapid growth with
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limited planning can contribute to environmental problem [2] [3]. The disaster
of Jeddah’s flash flood occurred in November 2009 and January 2011. These two
flood events killed 113 people in 2009 and infrastructure was destroyed [4]. Ac-
curate change detection of urban surface is important for understanding rela-
tionships between human and environment phenomena to support decision
making [5]. There are many applications of RS and GIS in different types of hy-
drological studies [6] [7] [8]. The relationship between the land use changes and
the flash flood hazards through GIS-based analysis were approved [9].

Change detection in Urban growth involves the analyses of satellites images
for the same geographic area at different period of times [10]. Geographic In-
formation System (GIS) is a powerful tool for data management and analyses on
other hand remote sensing can integrated with GIS to provide clear indicator for
change detection.

Change detection in Urban growth involves the analyses of satellites images
for the same geographic area at different period of times [11]. The aim of this
paper to map the change detection areas in urban land cover for Jeddah city.
Three LandSat satellite images (1984, 1992 and 2014) were analyzed to provide
clear indicator for the urban growth. Digital elevation model was used to map
the watershed and drainage networks. The relation between the urban expansion

and flash flood hazards event were determined.

2. Material and Method
2.1. Study Area and Data Sources

Jeddah is the main gateway to Mecca and the second largest city in Saudi Arabia.
The location of the city close to the Red Sea increases the number of visitors and
contributed to economical development (see Figure 1).

Satellites data were collected from Earth Explorer (US/GS) in three different
periods as described below (see Figure 2):

LandSat 5 TM 1984.

LandSat 7 ETM 2002.

LandSat 8 ETM 2014.

DEM (SRTM: Shutter Radar Topography Model).
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Figure 1. Location of the study area.
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Figure 2. Satellites images at different period of time.

2.2. Digital Image Processing

In spectral change detection, images of different dates are transformed into a
new single-band or multi-band image. The resultant image contains the spectral
changes and it must be further processed to assign the changes to urban land
cover [12]. Raster calculator in ArcMap and classification tool was used to
process the image.

The process described by [13] was used to convert LandSat 5 TM DN data to
LandSat 7 ETM DN data as in the equation below

DN?7 = (Slope, x DN5)+intercept , (1)

where

DN7 is the Landsat 7 ETM+ equivalent DN data,

DNS5 is the Landsat 5 TM DN data, and the slope and the intercept are band-
specific numbers given by the inverse of those found in [13]. Then DNs Values
were converted to Radiance value by using Equation (2)

L, =(gain, x DN7)+bias, ()

where
L, = calculated radiance
The latest gain and bias numbers for the Landsat 7 ETM+ sensor are given in
[14]. After that the Radiance data were converted to Reflectance data (R, ) and
the latest were corrected. Finally the DN values of the LandSat 8 (2014) were con-
verted to spectral radiance using the factors of radiance rescaling in metadata file.
L, = MLQcal + AL (3)
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where: L, = TOA spectral radiance (w/m-2/sr-1/um-1).

ML = Band-specific multiplicative rescaling factor from the metadata (RA-
DIANCE_MULT_BAND_x, where x is the band number).

AL = Band-specific additive rescaling factor from the metadata (RA-
DIANCE_ADD_BAND_x, where x is the band number).

Qcal = Quantized and calibrated standard product pixel values (DN).

New Built-up Index (NBI equation) was used to extract urban areas automat-
ically [15]. Watershed and drainage networks were extracted from DEM (SRTM:
Shutter Radar Topography Model) by using Arc Map 10.2.

2.3. Data Analysis

In Jeddah, increasing of economy activities and growing population leads o dy-
namic trend in urbanization. However this trend of urbanization lead to change
in landuse and land cover and it contributed to hazared occurance. The cause of
flood in urban area is resulted of unplanned and uncontrolled city growth. The
massive developments narrow the passes of wadi and decrease the the capacity of
catchments area. Land use changes with combination of meteorological and hy-

drological events have significantly contributed to flood in urban area [16].

3. Result and Discussion

The built up index provide clear indicator for the urban area in the years 1984,
2002 and 2014 (see Figure 3).
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Figure 3. Urban expansion from 1984 to 2014.
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Change detection analysis shows that the urban areas increased from 170 to
390 km®* Urban expansion increased dramatically toward north and east. While
it decreased towards south. The drainage networks and the watershed were ex-
tracted from DEM model by s = using hydrological tool in ArcGIS (see Figure 4).

The overlay process was implemented for the drainage network layer and the
residential area. The overlay demonstrated that urban expansion is one of the
factor that contributed the causes of flash flood event happened in Jeddah 2009
and 2011. The satellites image clearly shown that valley bath was blocked with
residential area as indicated in Figure 5. The red color in Figure 5 indicates that
most changeable area from 2002 to 2014. A few of residential zones for the study
area lie in the lowest points of the drainage pathway (wadi) which were strongly
affected. The finding of this is study in the agreement with latest literature in the

same field [4].

4. Conclusion

The current study compiled the remote sensing data with GIS technology to map
urban changes with time. Different digital procedures were used for better detec-
tion. The DEM was used to extract the drainage network for the study area. The

overlay process was used to demonstrate that urban expansion is one of the

Watershed and
Drainage network

Figure 4. Watershed ad drainage network in the study area.
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D The residential area
blocked the
drainage pathways

- The most changeable (‘”?,\.
area from 2002 to i
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Figure 5. Residential zones for the study area lie in the drai-
nage pathway (wadi) causing the flash flood.

causative factors of flash flood disaster. This study can be useful for better future

planning.
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