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Flash flood hazard in Klang Valley becomes an annual problem among urban folks, especially during the winter
monsoon. Three cases of flash flood have been identified in 2013 as a case 1 for 1 September, case 2 for
31 October and case 3 for 13 December. This paper discussed a variation of Global Positing System (GPS)
Precipitable Water Vapor (PWV) responses to the amount of rainfall within pre, during and post of the flash
flood event. Surface meteorological data from three meteorological stations were interpolated to the three GPS
stations to accurately measure the PWV. The analyses revealed that the trend of GPS PWV was observed
highest during the phase of flash flood, of which preceded by an extreme minimum peak in two to three days
before the incident. The study also found a high level of GPS PWV was associated with the frequency of rainfall
and spatial distribution of precipitation. The highest total of calm and light air were also contributed to the flash
flood hazard. Based on the case studies, the high level of GPS PWV and wind gusts found contributed to the
chance of flash flood disaster over the Klang Valley.
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1. INTRODUCTION
The increasing numbers of physical and national development
cause the particular changes in the urban area.1 The safety of
the urban area is crucial in attracting investors and tourists
to enhance economic activity. Unfortunately, flash flood hazard
over the Klang Valley results from a heavy rainfall, inefficient
stormwater run-off system and low-lying area due to physical
construction2 is a frustration issue among the urban residents
and a risk to the national as well as global development. Conse-
quently, Klang Valley recorded the highest city migration rate in
2012 as reported by Department of Statistic, Malaysia.

Currently, the Malaysian flood system managed by Department
of Irrigation and Drainage (DID) Malaysia is being developed,
and it is dependent on the water level forecasted from the rainfall
telemetric network.3 In this regard, several advanced technologies
have been applied. Global Positioning System (GPS) was widely
used for meteorological studies, especially for investigating the
variation of atmospheric water vapor during extreme weather
phenomenon.4 A preliminary study on GPS PWV over the east
coast of Peninsular Malaysia found that the GPS is suggested in
determining extreme weather driven hazard such as severe flood.5
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The high frequency of rainfall could decrease the soil per-
meability of prone areas, thus resulting in flash flood hazard.6

Therefore, this paper aims to investigate the variability of PWV
and trend of rainfall during the flash flood hazard in Klang Val-
ley within three identified phases. The effect of local wind on
the distribution of precipitation is also studied.

2. DATASET AND LOCATION
This study employed the GPS data provided by Department
of Survey and Mapping Malaysia (DSSM) and the surface
meteorological data provided by the Malaysia Meteorologi-
cal Department (MMD) and also from the flight–meteorology
(www.wunderground.com). To support the analysis, Tropical
Rainfall Measuring Mission (TRMM) accumulated precipitation
image gathered from http://gdata1.sci.gsfc.nasa.gov with selected
latitude of 0�N until 8�N and longitude of 99�E to 105�E was
conducted, where the spatial resolution accuracies are up to
0.25 degree.
The GPS locations as shown in Figure 1 were represented by

using triangle shape and the meteorological stations were denoted
by asterisk (∗). All the stations used in this study are located in
the West coast of Peninsular Malaysia. For the meteorological
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Fig. 1. Location of GPS and meteorological stations.

station that was not collocated with the GPS station, it is inter-
polated using Baltink et al. equation7 to accurately obtain the
GPS PWV.

In addition, the rainfall data was collected from the Depart-
ment of Irrigation and Drainage (DID) at seven stations located
around the reported flash flood. Apart from that, all the stations
characterized in this study were identified to be located less than
60 km in distance to the point of incident.

3. DATA PROCESSING
Each case of study was investigated for 15 days of GPS and
meteorological data. The time series of both data were cleaned
by using translate, edit and quality control (TEQC) developed
by UNAVCO. The surface meteorological data was cleaned and
interpolated in daily basis. Both data were processed to determine
PWV by using TroWav 2.0 developed in Matlab.8 The regional
weighted mean temperature, Tm of 0.83663 Ts+48�103 K9 was
employed to accurately convert the Zenith Wet Delay (ZWD)

Fig. 2. The variation of PWV and trend of rainfall during the 15 days monitoring for (a) case 1, (b) case 2 and (c) case 3, where a flash flood was recorded
on the eightieth day of the observation.

into PWV. After obtaining the PWV data, then PWV is divided
into three events of flash floods: pre, during and post observation,
where the statistical analysis was carried out for each phase. To
support the PWV analysis, the hourly average of rainfall data
was collected at the surrounding areas of the reported flash flood.

The hourly meteorological data (wind profiles) at respective
meteorological station were also collected, processed and classi-
fied according to the Beaufort Wind Scale. The three hourly of
TRMM image was analyzed to compare their response to PWV.

4. THE VARIATION OF PWV AND RAINFALL
DURING THE CASE OF FLASH FLOOD

The variation of PWV and rainfall for each case were depicted
in Figure 2, where the period of reported flash flood was shaded
in gray color. Figure 2(a) shows a consistent high level of GPS
PWV starting from 29 August until the evening of 2 September
together with the frequency of rainfall occurred every day from
30 August until 5 September. In Figure 2(b), the PWV level was
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Fig. 3. The variation of GPS PWV at respective GPS station for three cases of flash flood.

Fig. 4. Comparison of minimum, maximum and mean of GPS PWV over Klang Valley during (a) case 1, (b) case 2 and (c) case 3.

high during the five days of reported flash flood as compared
to 6 days of pre and 4 days of post period of observation. It is
followed by daily rainfall from 30 October until 5 November. For
Figure 2(c), the level of GPS PWV was high during the seven
days of reported flash flood together with a light rainfall from
9 until midnight of 13 December. As shown in the figure, an
increment of GPS PWV was followed by rainfall regardless the
amount of rainfall. This similar pattern clarify that a rainfall event
is a result of a high level of GPS PWV other than altitude and
wind profile.10 The process of evaporation and transpiration will
increase the atmospheric water vapor and continuously occurs
until highly saturated to create rainfall.

Figure 3 shows the variation of PWV at respective GPS sta-
tions divided into three phases of flash flood: pre, during and
post event. The variation of GPS PWV at Serdang was recorded
the lowest compared to those at Banting and Meru. The location
being farthest from the coastal area and located in the highest
altitude compared to the other stations are likely a potential cause
of this phenomenon. For the first case (Fig. 3(a)), the trend of
PWV variation was quite similar for all GPS stations. A min-
imum value was observed early at Serdang in the evening of
29 August until 31 August. The mark indicated almost at the

same period at all stations in the evening of 1 September. On
2 September, the minimum was observed early at Banting and
Meru. The high level of GPS PWV at all stations was observed
during the second case of flash flood (Fig. 3(b)). A minimum
of PWV was observed at Banting and Meru in the evening of
26 October, and is believed that this moderate rainfall contribute

Fig. 5. Variability of wind profiles and its resultant vector for three cases:
(1) Pre, (2) during, and (3) post of flash flood observation.
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in the evening of 27 October (refer to Fig. 2(b)). Apart from that,
a minimum PWV was marked within 1 to 2 hours prior to flash
flood at all GPS stations. Later, on 5 November, the minimum
was disappeared, thus resulted in low frequency of rainfall on
the following days. For the third case, the minimum trend was
observed at all GPS stations in the late evening of 8 December
(Fig. 3(c)) followed by light rainfall on the following day until
midnight of 12 December. Meanwhile, the high level of PWV
was sustained from 9 until 16 December at Banting and Meru,
and it decreased on 14 December at Serdang.

Fig. 6. Distribution of accumulated precipitations measured in millimeter (mm) for three cases of flash flood over the Klang valley.

Overall, the GPS PWV variation at Serdang was lower than at
Banting and Meru. However, the diurnal GPS PWV was clearer
distinguished at Serdang than other two stations. This could be an
influence from the sea water vapor, where Banting and Meru sta-
tions located nearer to the coastal area. It is similar to the diurnal
variation at an island where the GPS PWV is distinguishable at
inland station rather than island station.11 The possible affecting
of PWV level and diurnal variation is cloud transportation and
air condensation, where it is high at the station near the coastal
area. The high level of PWV also can be seen at all GPS stations
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around the Klang Valley during the period of flash flood, where
the variation at Serdang showed a significant relationship to the
amount of rainfall over the prone area.

Statistically, the minimum value of GPS PWV was increased
according to the phase of flash flood, while its maximum value
is decreased as shown in Figure 4(a). Figure 4(b) showed the
increment of both minimum and maximum values of GPS PWV
during flash flood events. The minimum and maximum values of
GPS PWV in Figure 4(c) showed a similarity with the trend of
GPS PWV average that to be the highest during the flash flood
event. The possible occurrence of the phenomenon is presented
in Figure 4, where the mean of GPS PWV during the flash flood
was the highest over the Klang Valley. However, the average of
STD value is higher during pre phase for overall the cases. This
could be a result of Northeast monsoon season12 that storm cloud
covered the area to cause a flash flood.

5. CONTRIBUTION OF WIND PROFILE AND
ACCUMULATED PRECIPITATION

The wind activities in Klang Valley during the study period are
shown in Figure 5. The wind resultant vector of the first case
(Fig. 5(a)) prevailed from southeast, then to the southeast in the
second and third phase. The second case reported the highest
calm and light air over the Klang Valley. A net force from the
northwest during the three phases of case 2 in Figure 5(b) were
reported to have the highest calm and light air in the second
phase of flash flood. While, the net wind force in the first phase
of the third case (Fig. 5(c)) came from the north and later moved
to the northwest in the second and the third phase of the flash
flood. Similarly, the highest number of calm and light air was
recorded in the second phase of the flash flood case.

The prevailing winds that bring a certain amount of water
vapor in a form of storm clouds over the area will create the local
weather condition. The calm and light air could be resulted from
wind convergence from the East and West part of the Valley,13

which significantly increase the accumulation of water vapor. It
is proven by the high level of GPS PWV during the period of
flash flood for these three cases.

The distribution of precipitation from TRMM image over the
area of Klang Valley is compared to that of wind and PWV. For
the first case (Fig. 6(a)), the precipitation started to increase dur-
ing the phase of flash flood and then it covered central part of
Peninsular Malaysia in the post flash flood event. The precipita-
tion was recorded up to 3.0 mm for the second case was highly
saturated during the period of flash flood (Fig. 6(b)). The high-
est distribution of precipitation was observed at the third case
(Fig. 6(c)), where the accumulated precipitation in the Klang
Valley was measured up to 4.0 mm.

Based on the overall observation, the highest precipitation was
captured within the second phase of flash flood. The high level
of precipitation could lead to weather hazard with a contribution
from wind and water cycle activities. In this study, the high dis-
tribution of precipitation was similar to the high level of GPS
PWV at Klang Valley when the flash floods were reported.

6. CONCLUSION
The studies on the three cases of flash flood on 1 September,
31 October and 13 December found that flash flood was occurred
during high level of GPS PWV and during high frequency of
local rainfall. In terms of diurnal variation, extreme minimum
values of GPS PWV were observed in the evening within two to
three days before the flash flood and the average level of GPS
PWV was the highest during the phase of flash flood. This min-
imum peak can be suggested as an indicator of early warning
system of flash flood. Besides that, the wind convergence from
the west and east part resulting in high frequency of calm and
light air to sustain the high water vapor at the Klang Valley
during the phase of flash flood. This indication is supported by
TRMM satellite image, where the precipitation was highly dis-
tributed during the hazard.

Acknowledgments: This work is partially supported by
Universiti Kebangsaan Malaysia under grant DPP-2014-054.
Thanks to Department of Civil Servant, Malaysia and Min-
istry of Sciences, Technology and Innovation for giving the
opportunity to carry out this study, the Malaysian govern-
ment agencies including Department of Survey and Mapping
Malaysia, Malaysian Meteorological Department and Department
of Irrigation and Drainage for supplying respective data and
information.

References and Notes
1. K. C. Low, Application of nowcasting techniques towards strengthening

national warning capabilities on hydrometeorological and landslides hazards,
Public Weather Services Workshop on Warning of Real-Time Hazards by
Using Nowcasting Technology, Sydney, Australia, October (2006).

2. S. Morshidi and A. A. Rahim, Planning Asian Cities: Risks and Resilience,
edited by S. Hamnett and D. Forbes, Routledge, Oxfordshire (2012),
pp. 220–239.

3. T. Wardah, S. H. Abu Bakar, A. Bardossay, and M. Maznorizan, J. Hydrol.
356, 283 (2008).

4. Y. Xie, F. Wei, G. Chen, T. Zhang, and L. Hu, Ann. Geo. 28, 1369 (2010).
5. W. Suparta, J. Adnan, and M. A. M. Ali, Am. J. Applied Sci. 9, 825 (2012).
6. S .J. Keighton, M. Gillen, G. V. Loganathan, S. Gorugantula, and

T. Eisenberger, The use of GPS integrated precipitable water measure-
ments to supplement WSR-88D parameters in determining the poten-
tial for flash flood producing rainfall, Proceeding of 9th Conference on
Mesoscale Processes, American Meteorological Society, Fort Lauderdale,
Florida, July–August (2001).

7. H. Klein Baltink, H. J. P. Derks, A. C. A. P. van Lammeren, B. A. C. Ambrosius,
A. G. A. van der Hoeven, H. van der Marel, F. Kleijer, and A. J. M. Kösters,
Beleids commissie remote sensing (BCRS) 3 (1999).

8. W. Suparta, J. Phys.: Conf. Ser. 495 012037, doi:10.1088/1742-6596/495/1/
012037.

9. W. Suparta and I. Ahmad, Modelling of weighted mean temperature over the
western pacific region to estimate GPS PWV, Proceeding of the 2013 IEEE
International Conference on Space and Communication (IconSpace), Melaka,
Malaysia, July (2013).

10. H. Wang, M. Wei, G. Li, S. Zhou, and Q. Zeng, Adv. Space Res. 52, 656
(2013).

11. T. A. Musa, S. Amir, R. Othman, S. Ses, K. Omar, K. Abdullah, S. Lim, and
C. Rizos, J. Atmos. Terr. Phys. 73, 2410 (2011).

12. H. Varikoden, B. Preethi, A. A. Samah, and C. A. Babu, J. Hydrol. 404, 99
(2011).

13. S. K. Sow, L. Juneng, F. T. Tangang, A. G. Hussin, and M. Mahmud, Atmos.
Res. 99, 248 (2011).

Received: 22 July 2014. Accepted: 18 August 2014.

157


