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ABSTRACT: El Nino phenomenon in Malaysia prolonged dry seasons resulted in the decrease of surface water
resources. Groundwater has been identified by the relevant authorities in Malaysia as an alternative water resource in
the areas affected by the EI Nino. Several studies have shown that integration of remote sensing and Geographical
Information System (GIS) were able to identify groundwater potential zone in more accurate, faster and cost effective.
The aim of this study is to use remote sensing and GIS to identify groundwater potential zone in hard rock aquifer at
Upper part of Muar River Basin which is one of the areas affected by EI-Nino event. In this study, five (5) parameters
that controlled the groundwater occurrence were derived and extracted from satellite images (Landsat-8 & SPOT 6)
and ancillary data. Analytical Hierarchy Process (AHP) was used to determine the weightage and score of each
parameter. Weighted Overlay technique was then used to integrate these parameters in GIS environment to produce
groundwater potential map. As a result, three (3) zones of groundwater potential were categorised as High
(>10m?3hour), Moderate (5-10m3hour) and Low (<5m?®hour) that indicate the groundwater potential in term of yield.
The map shows that 22% of the study area is in High, 23% in Moderate and 55% in Low potential zones. The yield
(25md/h) of verification borehole drilled in the High potential zone is consistent with the groundwater potential map.
This study shows that integrated approach of remote sensing and GIS is proven to be a useful tool in producing
groundwater potential map. The map is needed to assist the relevant authorities in identifying an alternative water
resource especially to overcome the water crisis during EI-Nino event.

1. INTRODUCTION

Malaysia’s water resources are mainly dependent on rainfall, which is influenced by the monsoon seasons. It has an
annual average rainfall ranging from about 2,500mm in Peninsular Malaysia to 5,080mm in East Malaysia (Academy
of Sciences Malaysia, 2015). In 1982-1983, 1997-1998 and 2015-2016 Malaysia experienced extensive and
prolonged drought cause by very strong El- Nino phenomenon (Malaysian Meteorological Department, 2016). A
recent study by Arif (2014) shows that most droughts episodes in Malaysia are associated with EI Nino (Academy of
Sciences Malaysia, 2016)

This phenomenon has resulted the decrease of surface water resources. According to the National Water Resources
Study (NWRS) commissioned by the Ministry of Natural Resources and Environment which was completed in 2011
reported that the annual rainfall recorded in Malaysia was around 973 billion cubic meters, (BCM), of which 414
BCM was lost to the atmosphere as evapotranspiration, 496 BCM formed surface runoff and some 63 BCM
contributed towards groundwater recharge. Based on this study, groundwater has been identified as an alternative to
reduce the impact of the water shortage. Groundwater is defined as subsurface water that fills all the pore space of
soils and geologic formations below the water table (Freeze & Cherry, 1979) while (Todd, 1980) has defined
groundwater is a water occupying all the voids within a geologic stratum.

The alternative resource has been identified but then, how are going to know where is the groundwater resource. One
of the technology that can be use in determine of groundwater potential zone is remote sensing. Remote sensing data
from aircraft or satellite has become an increasingly valuable tool for understanding subsurface water condition
(Todd, 1980). The use of remote sensing and GIS applications in groundwater studies has been widely used as
reported by (Krishnamurthy, et al., 1996), (Srinivasa Rao & Jugran, 2003), (Solomon & Quiel, 2006), (Madrucci, et
al., 2008), (Chowdhury, et al., 2009), (Pradhan, 2009), (Dar, et al., 2010), (Nag & Lahiri, 2011) and (Magesh, et al.,
2012).

In Malaysia, the use of remote sensing and GIS applications in groundwater determination has been conducted in
several areas by (Khairul, et al., 2000), (Yahya & Suratman, 2009), (Mohamad, et al., 2011), (Jabatan Mineral &
Geosains Malaysia and Agensi Remote Sensing Malaysia, 2013) and (Jabatan Mineral & Geosains Malaysia and
Agensi Remote Sensing Malaysia, 2014).
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The aim of this study is to identify groundwater potential zone in hard rock aquifer at Upper part of Muar River
Basin which have been affected by EI-Nino event using remote sensing and GIS.

2. STUDY AREA

The study area is in Upper Muar River Basin with an area coverage of about 1032km?. The area consists of eleven
(11) mukims which are Ampang Tinggi, Johol, Juasseh, Kepis, Langkap, Parit Tinggi, Pilah, Seri Menanti, Terachi,
Ulu Jempol and Ulu Muar. This area was chosen as a study area based on two (2) main factors i.e (i) this area is
underlain by hardrock terrain which has fulfilled the study’s scope; and (ii) the area was much affected during the El-
Nino phenomenon occurred in 1997-1998 and 2015-2016. Study area is shown in Figure 1.
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Figure 1: Location of study area, Upper Muar River Basin
3. METHODOLOGY
3.1 Data Preparation

3.1.1 Lineament Density: Straight alignment of topography shaping such as valley, ridge, straight sea shore and row
of volcanos namely lineament. The obvious straightness from this feature suggest the relation with joint or fault which
is sloping steep (Tjia, 1990). Lineament occurrence play a vital role in identification of groundwater potential
especially in hard rock aquifer. The higher lineament density, the higher the possibility of aquifer occurrence and the
infiltration rate of water (Jabatan Mineral & Geosains Malaysia and Agensi Remote Sensing Malaysia, 2014). In this
study, lineament data was extracted from DEM, Landsat-8 and SPOT-6 by visual interpretation. These extracted data
was then processed by GIS in order to generate the lineament density parameter and categorized to five (5) class
which are more than 1.0km?/km, 0.75 — 1.0 km?/km, 0.5 — 0.75 km?/km, 0.25 — 0.5 km?km and less than < 0.25
km2/km. Map of lineament density for Upper Muar River Basin area is shown in Figure 2.

3.1.2 Bedrock: Bedrock give big influence to the groundwater occurrence due to different porosity and permeability
characteristic. Bedrock with high percentage of porosity and high permeability is a good aquifer (Jabatan Mineral &
Geosains Malaysia and Agensi Remote Sensing Malaysia, 2013). Bedrock data was extracted from Geological Map
of Peninsular Malaysia (Minerals and Geoscience Department Malaysia, 1985). The bedrock of study area consist of
Pilah Schist and Kepis formation (Khoo, 1998) and acid intrusive (undifferentiated). This acid intrusive exist as a
part of Pluton Main range. Lithology in this study area consist of schist, metasediment and sedimentary rocks.
Loganathan (1993) proposed the age of this formation is Middle Ordovician to Lower Silurian based on the
similarities with the lithology found in Kuala Lumpur. These extracted bedrock then was categorized to five (5) class



which are limestone, arenaceous/conglomerate, schist/gneiss, argillaceous and plutonic/chert/volcanic/pyroclastic.
Bedrock map of Upper Muar River Basin is shown in Figure 3.

3.1.3 Landform: Landform is refer to any physical shape of earth surface which has physical characteristic and
formed by the nature process. Landform is categorized based on relative infiltration rate of surface water into
subsurface. Generally, infiltration rate for landform which topography is sloping is low compared to flat landform.
This parameter was extracted from DEM and categorized to five (5) class which are low lying area, moderate lying
area, undulating hills, hillcrest and side slope. Landform map of Upper Muar River Basin is shown in Figure 4.

3.1.4 Land Cover: Land cover is commonly defined as any cover of earth surface and its can be determined by
analyzing satellite images (NOAA, 2016). Land cover contribute to the availability of groundwater due to it influence
in water infiltration to the subsurface. Classification of land cover has been made based on land use map published
by Department of Agriculture. For this study purposes, latest changes of the cover of the study area has been updated
using satellite images SPOT-6. Land cover parameter was categorized to five (5) class which are permanent crop,
temporary crop, water body, cleared land and urban area. Land cover map of Upper Muar River Basin is shown in
Figure 5.

3.1.5 Soil Type: Soil type influence in rate of water infiltrate into the subsurface. Classification of soil type was made
based on soil type map published by Department of Agriculture. This parameter classified to five (5) class which are
sand, loam, clay loam, organic and clay. Soil type map of Upper Muar River Basin is shown in Figure 6.

All parameter involved have been digitized to scale 1:50,000 in GIS environment.
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3.2 GIS Modelling

GIS software was used as a basic analysis tool for management and manipulation of spatial data (Pradhan, 2009).
Lineament density, bedrock, landform, land cover and soil type were selected as an input in GIS modelling in order
to generate the groundwater potential zone map based on their highly contribution to the occurrence of groundwater
aquifer in hard rock terrain. Methodology in generating groundwater potential map in hard rock terrain is shown in
Figure 7. These parameter were changed to raster format and resample to 30meter spatial resolution with Rectified
Skew Orthomorphic (RSO) coordinate projection.
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Figure 7: Methodology in generating groundwater potential map in hard rock terrain

The score and weightage for each spatial class and parameter were assigned based on Analytical Hierarchy Process
(AHP). This method involves pairwise comparison in determining the relatively importance to the availability of
groundwater. This relative value importance is determined by the Saaty Fundamental Scale as per Table 1 below:

Table 1; Fundamental Scale

Intensity of Definition

Importance
1 Equal importance
3 Moderate importance of one over another
5 Strong importance
7 Very strong importance
9 Extreme importance

2,4,6,8 Intermediate values

After: (Saaty, 1990)

The input for the AHP analysis were driven by groundwater expert through questionnaire. It was concluded that
lineament density and bedrock were the main parameters in contributing to the groundwater occurrence, therefore the
weightage of these parameters are much higher than other parameters which are landform, land cover and soil type.



For bedrock parameter, score for limestone class is the highest followed by arenaceous, schist and plutonic rock. Low
lying area is a landform class that most influence to water occurrence compared to moderate lying area, undulating
hills, hillcrest and side slope. Based on soil type properties, sand was given the highest score compared to the others
i.e., loam, clay loam, organic and clay while for land cover, permanent crop is the highest followed by temporary
crop, water body, cleared land and urban area.

These parameters were integrated using Weighted Overlay model in ArcGIS software. The model was modified after
Khairul, et al., 2000 and Aller et al., 1987. GIS formula used after modification and enhancement is as follows:

GWP = BdsBDw + LdsLdw + LfsLfw + LcsLcw + SpsSpw

Where:

GWP = Groundwater potential
Bd  =Bedrock

Ld = Lineament density

Lf = Landform

Lc = Landcover

St = Soil type

S = Score

w = Weightage

4. RESULT AND DISCUSSION
Percentage area for each class in Upper Muar River Basin is shown in Table 2 below:

Table 2: Percentage area for each class in Upper Muar River Basin

Parameter Class Area (%)
Lineament Density <0.25 km/km? 59.0
0.25-0.5km/km? 41.0
Bedrock Plutonic 65.0
Schist 34.7
Limestone 0.2
Arenaceous 0.1
Landform Side slope 35.0
Moderate lying area 34.0
Low lying area 31.0
Land Cover Permanent crop 80.0
Temporary crop 14.0
Cleared land 4.0
Urban area 1.0
Water body 1.0
Soil Type Clay 75.7
Loam 24.0
Sand 0.2
Organic / Clay loam 0.1

The groundwater potential map of Upper Muar River Basin is shown in Figure 8. The area was categorised into three
(3) zones namely High (>10m?%hour), Moderate (5-10m3/hour) and Low (<5m3/hour) that indicate the groundwater
potential in term of yield. Quantitatively, 22% of the study area was categorised as high potential covering the eastern
part of the study area while 55% of the area is low zone of groundwater potential which mostly covering the western
part of the study area. The other 23% is scattered mostly at central part of the map. The distribution of the zones show
a good consistency with the characteristic of the assigned parameter. High potential zone is dominated by the schist
bedrock, low lying area and loamy top soil which associated with highly potential of groundwater occurrence. The
areas that is underlain by plutonic bedrock and clay type of soil which associated with low potential of groundwater
occurrence are categorised low in the potential map.



Legend

Low N

Medium A

.o
0 12525 5 15 10

@ Borehole

Figure 8: Groundwater potential map of Upper Muar River Basin

In this study, suitability location for borehole drilling was determined based on the potential map generated. Kg. Ulu
Inas, Kuala Pilah was chosen for drilling borehole (Figure 8) because it is located in the high groundwater potential
zone. The result of drilling is shown in the Table 3 and from the result, it shows that the map has a good agreement
with the actual borehole data.

Table 3: Groundwater verification

Actual Groundwater
Location Borehole Yield Potential Map Result
(m3/hour) (m3/hour)
>10
Kg. Ulu Inas 25 (High) Match

5. CONCLUSION

In this study, upper part of Muar River Basin which is one of the areas affected by the EI-Nino event was successfully
been mapped using remote sensing and GIS technology. It can be concluded that integration of remote sensing and
GIS technology is useful to identify groundwater potential zone in hardrock terrain in fast and accurate manner. The
groundwater potential map is needed to assist the relevant authorities in identifying an alternative water resource
especially to overcome the water crisis during EI-Nino event.

6. REFERENCE

Academy of Sciences Malaysia, 2015. Strategies for the Improvement of water Supply and Wastewater
management Services in Malaysia. Volume 1, Kuala Lumpur: Perpustakaan Negara Malaysia.

Academy of Sciences Malaysia, 2016. EI Nino - A review of Scientific Understanding and the Impact of 1997/98
Event in Malaysia. [Online]

Available at: http://www.akademisains.gov.my/index.php/publication

[Accessed 10 April 2017].

Aller, L. etal., 1987. DRASTIC: A Standardized System for Evaluating Ground Water Pollution Potential Using
Hydrogeologic Settings, Oklahoma: United States Environmental Agency.

Arif, F. M., 2014. Kajian Pencirian Fenomena Kemarau di Malaysia. Unpublished.



Chowdhury, A., Jha, M. K., Chowdary, V. M. & Mal, B. C., 2009. Integrated Remote Sensing and GIS-based
Approach for Assessing Groundwater Potential in West Medinipur district, West Bengal, India. International
Journal of Remote Sensing, 30(1), pp. 231-250.

Dar, I. A., Sankar, K. & Dar, M. A., 2010. Deciphering Groundwater Potential Zones in Hard Rock Terrain Using
Geospatial Technology. Environment Monitoring and Assesment, Volume 173, pp. 597-610.

Freeze, A. R. & Cherry, J. A., 1979. In: Groundwater. s.l.:Prentice Hall, p. 2.

Jabatan Mineral & Geosains Malaysia & Agensi Remote Sensing Malaysia, 2013. Penentuan Zon Potensi Air
Bawah Tanah Lembangan Sungai Muar, s.l.: Unpublished.

Jabatan Mineral & Geosains Malaysia and Agensi Remote Sensing Malaysia, 2014. Penentuan Zon Potensi Air
Bawah Tanah Lembangan Sungai Muar — Penambahbaikan Model Air Bawah Tanah Menggunakan Teknologi
Remote Sensing dan GIS, s.I.: Unpublished.

Khairul, A. M., Juhari, M. A. & Ibrahim, A., 2000. GIS Aided Groundwater Potential Mapping of the Langat
Basin. Pulau Pinang, Geological Society of Malaysia Annual Geological Conference 2000.

Khoo, K. K., 1998. The Geology and Mineral Resources of the Kuala Pilah Area, Negeri Sembilan, s.l.: Geological
Survey of Malaysia.

Krishnamurthy, J., Kumar, N. V., Jayaraman, V. & Manivel, M., 1996. An Approach to Demarcate Groundwater
Potential Zones Through Remote Sensing and A Geographical Information System. International Journal of Remote
Sensing, 17(10), pp. 1867-1884.

Loganathan, P., 1993. Geology and Mineral Resources of the Durian Tipus Area, Negeri Sembilan Darul Khusus,
s.l.: Geological Survey of Malaysia.

Madrucci, V., Taioli, F. & de Araujo, C. C., 2008. Groundwater Favorability Map Using GIS Multicriteria Data
Analysis on Crystalline Terrain, Sao Paulo State, Brazil. Journal of Hydrology, Volume 357, pp. 153-173.

Magesh, N. S., Chandrasekar, N. & Soundranayagam, J. P., 2012. Delineation of Groundwater Potential Zones in
Theni District, Tamil Nadu, Using Remote Sensing, GIS and MIF Tehniques. Geoscience Frontiers, 3(2), pp. 189-
196.

Malaysian Meteorological Department, 2016. El Nino / La Nina. [Online]
Available at: http://www.met.gov.my/web/metmalaysia/education/weather/weatherphenomena/elninolanina
[Accessed 10 April 2017].

Minerals and Geoscience Department Malaysia, 1985. Geological Map of Peninsular Malaysia. s.I.:Minerals and
Geoscience Department Malaysia.

Minerals and Geoscience Department Malaysia, 2007. Hydrogeological map of Selangor and Kuala Lumpur
Federal Territory. s.l.:Minerals and Geoscience Department Malaysia.

Mohamad, A. M. et al., 2011. A Knowledge-driven GIS Modelling Technique for potential mapping at the Upper
Langat Basin, Malaysia. A Knowledge-driven GIS Modelling Technique for potential mapping at the Upper Langat
Basin, Malaysia, Issue DOI 10.1007/s12517-011-0469-2.

Nag, S. K. & Lahiri, A., 2011. Integrated Approach Using Remote Sensing and GIS Techniques for Delineating
Groundwater Potential Zones in Dwarakeswar Watershed, Bankura District, West Bengal. Inrternational Journal of
Geomatics and Geosciences, 2(2), pp. 430-442.

National Ocean and Atmospheric Administration, n.d. National Ocean and Atmospheric Administration. [Online]
Available at: https://oceanservice.noaa.gov/facts/Iclu.html
[Accessed 15 February 2016].

Pradhan, B., 2009. Groundwater potential zonation for basaltic watersheds using satellite remote sensing data and
GIS techniques. Central European Journal of Geosciences, 1(1), pp. 120-129.

Saaty, T. L., 1990. How to make a decision: The Analytic Hierarchy Process. European Journal of Operational
Research, Volume 48, pp. 9-26.



Solomon, S. & Quiel, F., 2006. Groundwater Study Using Remote Sensing and Geographic Information Systems
(GIS) in The Central Highlands of Eritrea. Hydrogeology Journal, Volume 14, pp. 1029-1041.

Srinivasa Rao, Y. & Jugran, D. K., 2003. Delineation of Groundwater Potential Zones and Zones of Groundwater
Quality Suitable for Domestic Purposes Using remote Sensing and GIS. Hydrological Sciences Journal, 48(5), pp.
821-833.

Tjia, H. D., 1990. Tektonik. 1st ed. Bangi: Penerbit Universiti Kebangsaan Malaysia.
Todd, D. K., 1980. Groundwater Hydrology. 2nd ed. New York: John Wiley & Sons, Inc.

Yahya, Z. & Suratman, S., 2009. Hard Rock Aquifer in Peninsular Malaysia. Kuala Lumpur, Perpustakaan Negara
Malaysia, pp. 102-118.



