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This paper presents Rainfall-Landslide Early Warning System (RLEWS)
using Tropical Rainfall Measuring Mission (TRMM) precipitation estimates
to notify the warning level for the possibility of landslide occurrences in Ulu
Kelang, Selangor. In this study, RLEWS is developed to monitor the
possibility of rainfall-induced landslide occurrences by comparing real time
TRMM rainfall data with a landslide rainfall threshold. The landslide rainfall
threshold is constructed by using the accumulated rainfall-accumulated
rainfall (E-E) diagram method. The warning levels of rainfall threshold are
classified into three levels; high, moderate and low. The analysis and
notification are updating every 24 hours to provide the initial potential
landslide information signal. The rainfall threshold analysis was able to
detect the early signal of initial potential landslide occurrences. The aims of
this study are to develop a low-cost, sustainable early warning system and
web base application to send notification and awareness for residential areas

in Ulu Kelang, Selangor.
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1. INTRODUCTION

Landslides are defined as the movement of a mass of rock, debris or earth down slope influence by
gravity. The often triggering factors of landslide including intense or prolonged rainfall, earthquakes, rapid
snow melting, volcanic activity and variety of anthropogenic activities. Landslide disaster may affect on
human life, property and the environment [1]-[3]. In Malaysia, most of landslides or slope failure incident
occurred due to intense rainfall and urban development over hillside areas [4]. On 6th December 2008, a
landslide was occurred at Taman Bukitn Mewah, Bukit Antarabangsa, Ulu Kelang, Selangor. This tragedy
claimed the lives of four people with 15 others injured. It was estimated that 101,500 cubic meters of earth
had translated, represents one of the major landslide phenomena that occurred in Ulu Kelang Selangor. An
early warning system is capable to reduce or minimize the impact of landslide occurences on human,
property damage and loss of live [5], [6].

Rainfall thresholds are widely used in the development of landslide Early Warning System (EWS) at
regional scale. This method is able to provide better results than the physically based method [7]-[9].
Empirical thresholds for critical rainfall, either daily or hourly and antecedent rainfall, which is triggering the
landslide is developed from accessing data of date, time and rainfall data for the prior landslide events. The
term “threshold” is defined as the minimum or maximum level of a number of quantities needed for a process
of take place or a state of change. For rainfall-induced landslides, a rainfall threshold is referring to the
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amount of rainfall that, when reached or exceeded, is likely to trigger landslides. Rainfall threshold can be
classified into five categories including intensity-duration (ID diagram), accumulated rainfall-duration (R-D
diagram), Accumulated rainfall, intensity-accumulated rainfall (I-R diagram) and accumulated rainfall —
accumulated rainfall (R-R diagram) [10]-[12].

There are many approaches for rainfall threshold analysis, its including the use of gauge-based
rainfall data to examine the relationship between rainfall and landslide occurrence. However, this method
provides a limited rainfall data because of the limited number and accessibility of the rain gauge station and
some rainfall data is based on monthly accumulation reading [13]-[16]. Therefore, the approaches using the
remote sensing imagine is more significant to assess the characteristics of rainfall preceding landslide events
recorded in historical inventory. According to [17] the established system can use both real time and
forecasting rainfall data and can identify the most hazardous rainfall of each rain event. [18] defined that
remote sensing satellite-based observation data can provide a solution for spatial sampling limitations of
gauge-based gauge network. [19] suggested that satellite data can be used for forecasting landslides, only
performing a local scaling between satellite and ground data. The increased availability, consistency and
high-spatiotemporal-resolution of data is useful in landslide hazard assessment for broad-scale, global,
regional, country and catchment-level and are not limited by inaccessibility due to terrain, culture and
politics.

In this study, Ulu Kelang, Selangor was used as a case study to develop a RLEWS based on the
relationship between rainfall and landslide occurences. The developed method is based on real time TRMM
satellite data and rainfall threshold analysis, which is able to retrieve and store real time rainfall data for the
landslide early warning system. The objective of this research was developing the low-cost and sustainable
early warning system; and web based application to provide notification, awareness and landslide
information for residential areas in Ulu Kelang, Selangor.

2. METHODOLOGY
2.1. Study Area and Data

RLEWS is developed for Ulu Kelang, Selangor with cover an area of 600 hectares. Ulu Kelang is
located at the latitude of 3°12°30”°’N and 101° 45° 28”°E with approximate distance of 5 km from Kuala
Lumpur city centre as shows in Figure 1. Ulu Kelang is known as an urban area which having very high
demand for its land, property and housing development in the hillside area. The climate of this area is
commonly hot and humid as it is located in the tropical monsoon region.

The rainfall data which are used in the rainfall threshold analysis is obtained from TRMM satellite
precipitation in gridded point located at the latitude of 3.125° N and 101.875°E. In this study, TRMM Data
product Daily Rainfall (TRMM_3B42_Daily v7) is applied in the rainfall analysis. Fourteen historical
landslide location is selected to construct a rainfall threshold analysis in Ulu Kelang Selangor. The historical
landslide event is occurring between years 1999 to 2012.
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Figure 1. Location of Ulu Kelang, Selangor
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2.2. Rainfall threshold analysis

The rainfall threshold was developed to determine the amount of rainfall that, when reached or
exceeded, is likely to trigger landslides. The threshold also interpreted as an approximate lower-bound
threshold. Where is when below the specified level, the rainfall induced landslide activity does not occur, or
rarely occurs, and above which it may occur under certain condition. In this study, the E3-E30 diagram is
plotted to determine the rainfall threshold for Ulu Kelang, Selangor. The rainfall threshold was analyzed
using TRMM Satellite data based on the historical landslide occurrence information since year 1999 — 2012.

The proposed rainfall threshold for landslide occurences in Ulu Kelang is constructed by plotted 3-
day and 30-day cumulative rainfall for fourteen selected landslide events. There are two categories of
landslide events ; major landslide and minor landslide involve in the analysis to determine the warning level
of potential landslide occurences. The plotted graph was formed of two limitation threshold line which is
divided the warning level into three states, namely as low, moderate and high level of pontential landslide
occurances. The rainfall threshold line in Figure 2 is shows the formed of proposed rainfall threshold for Ulu
Kelang, Selangor. The rainfall threshold limitation line as following:
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Figure 2. The Proposed Rainfall (E3-E30) Threshold Chart for Ulu Kelang, Selangor

2.3. RLEWS Development

RLEWS is a system which involves the analysis of rainfall data obtained from TRMM satellite
precipitation estimates. One gridded point of TRMM data is required to represent the rainfall amount of
landslide prone area in Ulu Kelang, Selangor. The rainfall data is available on the NASA Earth Data
Network. The real time daily rainfall data is automatically retrieved from the NASA database to the RLEWS
Web Server. Then the TRMM rainfall data are analyzed into three parameters; these are daily rainfall, 3 day
accumulated rainfall and 30 day accumulated rainfall. All these parameters are plotted on a graph known as
rainfall pattern analysis. The 3 day accumulated rainfall and 30 day accumulated rainfall parameters are
required to identify the warning level of landslide occurrences by using rainfall threshold analysis. This
analysis is a continuing process is where the system is updating the daily rainfall data every day. The
flowchart diagram for RLEWS is shown in Figure 3. There are various information have is available to view
for purpose of early warning signal for landslide occurrences and as well as the landslide monitoring tool.
The Web-based interface can be displayed in desktop and mobile devices.
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Figure 3. Flowchart for RLEWS

2.4. RLEWS Web-based Interface

RLEWS is a web-based interface of some related components. The RLEWS Web-based Interface is
combination of rainfall analysis, computer programming and interconnected database. The PHP Java script is
used to retrieve and extract data from the TRMM satellite database, identify the warning level by analyzing
rainfall threshold and to provide others available real time information. The whole system is shown in
Figure 4.
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Figure 4. The RLEWS block diagram

3. RESULTS AND ANALYSIS

The Web-based Interface of RLEWS is divided into four informative sections, known as home,
rainfall pattern, data management and about us. Each section provides the information and analysis, which
including warning level, rainfall data, graph, table and explanation. All the information provided by RLEWS
is used as early warning signal and monitoring tool for potential landslide.

Home is a front page which is viewed the warning signal level of potential landslide occurrences in
Ulu Kelang, Selangor. In this section, the rainfall amount of daily rainfall, accumulated 3-day rainfall and
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accumulated 30-days rainfall are real time rainfall information to identify the warning signal level. This
information can be viewed as shown in Figure 5. Figure 5 shows the rainfall information on 4" September
2018. Where daily rainfall is 3.99 mm, total 3 day rainfall is 22.08 mm and total 30 day rainfall is 44.16 mm.
While the warning level shows a low potential of landslide occurs

MIRLEWS

Dashboard

Latest Rainfall Data (04-09-2018) 3-day Rainfall 30-day Rainfall Warning Level

3.99 22.08 44.16 Low

Figure 5. Real-time information: Daily rainfall, 3-day rainfall, 30-day rainfall and warning level

The plotted graph of rainfall threshold analysis of previous 30-day is shown in Figure 6. The graph
can be used to monitor potential landslide occurrences based on rainfall data. The rainfall thresholds are
divided into 3 areas of graph; which are high, moderate and low. The border of each area level is assigned by
the green line for low-moderate limit and red line for moderate-high limit. The graph shows 30 points
represent as a 30 days rainfall threshold analysis, where 29 points is located in the lower level area and 1
point is fall into the moderate level of potential landslide occurrences. The information about date, 3-day
accumulated rainfall and 30-day accumulated rainfall for each rainfall threshold point can be appearing when
cursor is appointed to the point.
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Figure 6. Rainfall threshold analysis view interface

The table of rainfall analysis in previous 30 days is provided to view the value of parameter such as
date, daily rainfall, 3-day accumulated rainfall, 30-day accumulated rainfall and warning level. Figure 7
shows the sample 7-days of rainfall data analysis where all day are recorded at low warning level of potential
landslide occurrences.

Rainfall-landslide early warning system (RLEWS) using TRMM precipitation estimates (Norsuzila Ya’ acob)
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Rainfall data analysis

Date 1-day (mm) 3-day (mm) 30-day (mm) Warning Level

1 04-09-2018 399 22.08 4416

B

2 03-09-2018 14.01 2472 4017

3 02-09-2018 4.08 17 2823

4 01-09-2018 6.63 7.62 26.22

5 31-08-2018 0.99 1.76 21.66

6 30-08-2018 0 12 2274

7 29-08-2018 10.77 13.23 24.81

BE6EBEB

Figure 7. Rainfall threshold analysis table view interface

In rainfall pattern section, three rainfall patterns were plotted using real time TRMM satellite data in
previous 30-days. This information is useful for landslide monitoring based on rainfall pattern of daily
rainfall, accumulated 3-day rainfall and accumulated 30-day rainfall. When the line graph is increasing, the
potential landslide occurrences will be increased and need highly monitored by responsible agency and
resident area. The real time rainfall pattern interface for 30 days in between 25" August 2018 to 3™
September 2018 is shown in Figure 8 and 9. In Figure 8(a) the maximum daily rainfall is recorded as 14.1mm
while minimum is Omm. The graph shows that 21 days without rain and the remaining days are rainy day.
According to [20], when the daily rainfall amount is more than 40mm, the potential landslide occurrences are
increased.

In accumulated 3-day rainfall pattern shown in Figure 8(b), the maximum accumulated 3 day
rainfall is 24.72mm. The minimum value is Omm and this value shown that the previous are 3 days without
rain. The accumulated 3-day rainfall pattern is able to monitor the potential landslide occurs because of
heavy raining in short duration rainfall period. Based on the study, the landslide occurrences were triggered
when the amount of accumulated 3-day rainfall is reached 110mm [20]. The rainfall pattern shown in Figure
9 is plotted to monitor the potential landslide occurred because of prolonged continuous rainfall. The rainfall
threshold amount which reaches 300mm to 450mm can be triggered the landslide occurrences. 178mm is
recorded as a maximum amount of accumulated 30 day rainfall, while 20mm is a minimum amount. That
means each amount is recorded under the limitation of rainfall threshold of potential landslide occurrences.

Rainfall Pattern

@ (b)

Figure 8 (a) Rainfall Pattern interface for Daily rainfall (b) Rainfall Pattern interface for 3-day
accumulative rainfall
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Figure 9. Rainfall Pattern interface for 30-day accumulative rainfall

4. CONCLUSION

RLEWS is implemented a real-time data to obtain more accurate analysis related to rainfall and
landslide occurences. The main purpose of RLEWS is providing an early warning signal for potential
landslide occurences. Besides that, the information and analysis in RLEWS Web-based intercafe can be
applied as landslide monitoring tools for Ulu Kelang, Selangor. Three notification level of warning signal
was introduced; high, modarate and low. The identification of warning level is based on rainfall threshold
analysis of TRMM satellite data. The development of RLEWS is successful and the analysis information is
updating in 24 hours which is benefit to community of residential area in Ulu Kelang, local authority such as
MPAJ; and urban developer in providing notification, awareness and landslide information.
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