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Abstract

Planning and design of agricultural, runoff and pollution control systems demand
input of rainfall data, mostly, at sub-daily scale. Therefore, the need to explore rainfall
characteristics at fine scale becomes important. It is known that, using the same data, the
rainfall characteristics may differ depending on the minimum inter-event time definition
(MIT) used. Moreover, there is the problem of chosen a criteria for separating the rainfall
events as the definition of the MIT separating two rainfall events is vague and arbitrary.
This paper is aimed to study the effect of MIT on rainfall parameters. Hourly rainfall data
were analysed for MIT values of 2hr, 4hr, 6hr, 9hr, 12hr, 18hr and 24hr. Results indicate
that the rainfall frequency per annum is reduced from 199 to 89 when the MIT is altered
from 2hr to 24hr. The mean depth, duration and inter-event time were increased with an
increase in MIT while the mean intensity is decreased. Similarly, statistical parameters of
maximum, standard deviation, CV, skewness and kurtosis were affected as the MIT value
is altered. The results highlight the sensitivity of rainfall characteristics to MIT and as such
care needs to be taken in the selection of MIT values in any study.
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1. Introduction

Statistical analyses of rainfall parameters are largely dependent on the resolution of the actual data.
Rainfall data is mostly found at daily time-scale and this makes it possible to estimate rainfall
characteristics at daily, weekly, monthly, and even annual levels, depending on the application the data
is meant for. However, effective application in the various fields of engineering planning and designs;
including agriculture, stormwater management, erosion and runoff control, and many others demands
the rainfall data to be at sub-daily scale (Adams and Papa, 2000, Guo, 2002, Adams et al., 1986,



Effect of Storm Separation Time on Rainfall Characteristics-A Case Study of Johor, Malaysia 163

Beecham and Chowdhury, 2010). A wide diversity in the criteria employed to identify individual rain
events exist, and that limits the meaningful comparison among published works. Furthermore, the
uncertainty level is increased when the events once defined are used to determine event based runoff
efficiency, soil erosion, interception losses etc (Dunkerley, 2008).

Characterization of rainfall data at sub-daily level is not common, as rainfall data at fine
resolution is normally not available. Therefore, the need to explore rainfall characteristics at fine scale
becomes important. It is well known that using the same rainfall data; the characteristics may differ
significantly, depending on the definition of rainless interval used to separate the rainfall record. For
example, the characteristics at daily time-scale may not be the same as that obtained using weekly
time-scale; neither will it be the same as that obtained at monthly or annual level. Moreover, there is
also the problem of chosen a criteria for separating the rainfall events as the definition of the minimum
rainless interval to be used in separating two rainfall events [herein referred to as Minimum Inter-event
Time (MIT)] is vague and arbitrary, despite the numerous studies in this area (Wynn, 1994). This
makes comparison between different results difficult and therefore the need to also explore the value
for MIT that is appropriate to be used becomes important. This paper is aimed at studying the effect of
varying MIT on the statistics of rainfall data from a tropical region using a case study in Johor,
Malaysia.

Different values of MIT have been reported in literature at different situations. Researches in
hydrology dealing with soil erosion, canopy interception losses, continued wetting and drying of soils,
design of rainfall harvesting systems, rainfall model fitting and flood generation used values ranging
from 15 minutes to 24 hours depending on the phenomenon of their interest (Dunkerley, 2008). Twelve
different locations were used to model the distribution of rainfall intensity in Peninsular Malaysia using
hourly rainfall data. Six hour storm separation time was used and the rainfall frequency, over the
peninsular, was found to vary from 115 to 198 per annum, with a mean intensity ranging from 2.32 to
3.88mm/hr (Dan'azumi et al., 2010). In quantifying the risk of harvesting under semi-arid conditions,
thirty years of rainfall intensity data was used to show that about 94 to 96% of the daily totals were in
fact the same as event totals for stations in Highveld arid area of South Africa. Three hour storm
separation time was used in the study (Tsubo et al., 2005). Cattan et al (2006) used the correlation
between rainfall and runoff to define rainfall event as a season in which there was never a gap of more
than 15 minutes between two consecutive tips of tipping bucket, and runoff generation as a period
during which there was no interruption in water flow for 5 minutes. Other criteria such as canopy
drying time were used as means of determining the value that should be used as MIT (Marin et al,
2000).

Rain rate data (resolution of 10s) containing 10,278 events, recorded over a period of 49 years
was used to derive statistical properties. A rain intensity of S0mm/hr was used as threshold to separate
between heavy and non-heavy storms, and the analysis of annual extreme values of the rain rate and
their return period was then conducted (Vilar and Burgueno, 1995).The Spatial and temporal
characteristics of annual rainfall frequency was conducted in Cyprus using the data spanning between
1917 to 2006 and results indicated that a distinct change occurs in time and space. Gamma distribution
was used and the variation of its parameters was analysed (Michaelides et al., 2009). Thirteen stations
spread across Jordan were analyzed for 50 years of annual data. The analyses were based on series of
test for consistency, randomness, trend, jump and best fit distribution. The result on the spatial
distribution of annual mean, median, maximum and minimum precipitation as well as coefficient of
variation and that of symmetry and lag-1 correlation coefficient were analysed (Dahamsheh and
Aksoy, 2007). Result of a work with Australian rainfall data at different temporal resolution found that
the 2“d, 3" and 4" statistical moments of rainfall intensities increased with increase in temporal
resolution and serial correlation was observed between rainfall intensities at different temporal scales
(Beecham and Chowdhury, 2010).
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2. Materials and Methods

An automatic recording rain-gauge station; measuring hourly precipitation, located at Larkin, Johor
(latitude: 01 28 15; longitude: 103 45 10) was chosen as a case study, and hourly rainfall data covering
a period of fourty years (1971-2010) were collected. The data were examined and missing records were
removed. A computer programme in Microsoft Visual Basic 6.0 was developed to divide the long term
continuous hourly data into individual rainfall events using MIT values of 2hr, 4hr, 6hr, Shr, 12hr, 18hr
and 24hr.

Rainfall duration (7)) for each event was obtained according to equation 1.

T=t,—t; , if bz=MIT (1)
where #; and 1, are the beginning and end of the event respectively, and b is the storm separation time.

When & < MIT, the storms are merged and considered as one single event.
Rainfall depth (V) for each event was obtained according to equation 2.

V= Z’b
= (2)
where v;is the depth of the rain in the ith hour of the particular storm event under consideration.
Rain intensity (/) was obtained according to equation 3.

_V
1="/r 3)
The inter-event time between consecutive events was obtained according to equation 4.
.-":.‘-'=1Lj-—f: if b= MIT (4)
where #;is the end of last event, and ¢;is the beginning of the subsequent event.

The statistical parameters of maximum value, standard deviation, coefficient of variation (CV),
skewness and kurtosis for each of the rainfall parameters above were then calculated.

3. Results and Discussions
Tables 1-4 list the basic hourly rainfall statistics of rainfall duration, depth, intensity and inter-event
time with varying MIT values.

3.1. Average Annual Number of Events

The total number of events, recorded over the period 1971-2010, ranges between 7359 to 3265 events
as the MIT values is altered from 2 to 24hrs (Table 1). Similarly, the average annual number of events
(rainfall frequency per annum) decreases from 195 to 87 events as the MIT increases from 2 to 24hrs.
It is observed that over this range of MIT, the rainfall frequency is reduced by about 55%. This shows
that more rainfall events are merged as single event as temporal resolution of MIT decreases and more
storms are separated into individual rainfall events as the temporal resolution increases.

3.2. Rainfall Duration

Statistics of rainfall duration is presented in Table 1. Mean duration ranges between 5.1 to 26.97hr with
changing MIT value from 2 to 24hrs, while the highest value of rainfall duration remains constant as
the MIT varies over the same range. However, an increase in the highest duration of rainfall was
noticed only after 12hrs MIT. This shows that significant variation in highest rainfall duration exist
only when the storm separation time is large enough, closer to one day. The standard deviation
increases steadily with increasing MIT while the CV, Skewness and kurtosis decrease with the increase
in MIT from 2 to 24hrs. This shows that rainfall events separated by shorter MIT have more varied
duration and higher peaks as compared to those separated by longer MIT.
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Table 1:  Basic Statistics of Rainfall Duration
MIT 2hr 4hr 6hr 9hr 12hr 18hr 24hr
Total No of Rainfall Events 7359 6726 6360 5973 5542 4478 3265
Rainfall Frequency per Annum 195 178 169 158 147 119 87
Highest Duration (hr) 200 200 200 200 200 343 568
Mean (hr) 5.10 5.80 6.39 7.26 8.61 14.12 26.97
Standard Deviation (hr) 8.49 9.15 9.78 11.15 13.26 21.53 38.25
Ccv 1.67 1.58 1.53 1.54 1.54 1.52 1.42
Skewness 8.17 7.34 6.60 5.97 5.32 3.97 3.62
Kurtosis 105.93 85.86 69.91 55.35 44.06 27.81 24.49

3.3. Rainfall Depth

Table 2 presents the results of rainfall depth statistics with MIT. The mean, highest, and standard
deviation of rainfall depth increases from 12.38 to 27.91mm, 419 to 554mm and 19.93 to 40.16mm
respectively, as the MIT resolution changes from 2 to 24hrs. With the exception of the highest depth
observed; the mean and the standard deviation have more than doubled, as the MIT changes from 2 to
24hrs. However, the CV, skewness and kurtosis decreased from 1.61 to 1.44, 4.84 to 3.85, and 51.9 to
25.49 respectively as the MIT is increased from 2 to 24hrs. As with duration; rainfall events separated
by shorter MIT have more varied depth and higher peaks as compared to those separated by longer
MIT. Figure 1 displays the time series of the rainfall event with the highest depth observed throughout
the 40 years period. The event occurs between 18™ to 20™ December, 2006, spanning across 2 days and
lasting for 49hours.

Table 2:  Basic Statistics of Rainfall Depth
MIT 2hr 4hr 6hr 9hr 12hr 18hr 24hr
Highest Depth (mm) 419 419 526 526 546 554 554
Mean (mm) 12.38 13.55 14.33 15.26 16.44 20.35 2791
Standard Deviation (mm) 19.93 21.03 22.14 23.52 25.42 30.61 40.16
CvV 1.61 1.55 1.55 1.54 1.55 1.50 1.44
Skewness 4.84 4.75 5.48 5.66 5.76 4.77 3.85
Kurtosis 51.90 47.96 70.43 70.77 68.76 44.19 25.49

Figure 1: Time series of the highest single rainfall event recorded over the 40 years period
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3.4. Rainfall Intensity

Changes in the statistics of rain intensity with MIT are presented in Table 3. The mean rainfall
intensity, over the period of observation, ranges from 2.98 to 2.14mm/hr while the highest intensity
remains at constant value of 44.90mm/hr. This confirms the fact that unusually high intense rainfall
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events of high return period occur over a short duration. Values for CV, skewness and kurtosis remain
almost constant until the MIT value approaches 12hrs after which a significant increase in these values
were observed. This indicates that rainfall intensity at small MIT values is less sensitive as compared
to that at higher MIT values. Chances in variation of rainfall intensity property are higher as MIT gets
longer.

Table 3:  Basic Statistics of Rainfall Intensity

MIT 2hr 4hr 6hr 9hr 12hr 18hr 24hr
Maximum Intensity (mm/hr) 44.90 44.90 44.90 44.90 44.90 44.90 44.90
Mean (mm/hr) 2.98 3.00 3.00 2.97 2.91 2.73 2.14
Standard Deviation (mm/hr) 4.23 4.21 4.24 4.21 4.14 4.03 3.48
cv 1.42 1.41 1.41 1.42 1.42 1.48 1.62
Skewness 3.06 3.10 3.13 3.20 3.26 345 4.20
Kurtosis 13.22 13.60 13.80 14.48 15.28 17.08 26.07

3.5. Storm Separation Time

Analysis of the rainless period separating two consecutive events is presented in Table 4. The longest
duration of dry period without rain was 971hr (about 40 days). The mean storm separation time ranges
from 40.81 to 75.05hrs as the MIT changes from 2 to 24hrs. This is equivalent to an increase of 87%.
Similarly, the standard deviation increases from 58.32 to 73.63 with the corresponding change in MIT.
However, the CV, skewness and kurtosis decreased from 1.45 to 0.98, 5.12 to 4.29, and 44.28 to 29.41
respectively with a corresponding increase in MIT from 2 to 24hrs. This shows that rainfall events
separated by shorter MIT have more varied proportion of rainless period as compared to those
separated by longer MIT.

Table 4:  Basic Statistics of the Rainless Period Separating Rainfall Events

MIT 2hr 4hr 6hr 9hr 12hr 18hr 24hr
Highest (hr) 971 971 971 971 971 971 971

Mean (hr) 40.18 43.73 45.99 48.52 51.51 60.28 75.05
Standard Deviation (hr) 58.32 59.79 60.72 61.81 63.19 67.39 73.63
CVv 1.45 1.37 1.32 1.27 1.23 1.12 0.98
Skewness 5.12 5.05 5.00 4.94 4.86 4.61 4.29
Kurtosis 44.28 42.60 41.58 40.37 38.84 34.53 29.41

4. Conclusions

In this paper, we explored the relationship between the effects of MIT definition on rainfall
characteristic using hourly rainfall data recorded at Larkin, Johor Malaysia. The parameters of rainfall
duration, depth, intensity and inter-event time were investigated. Statistical parameters of mean,
highest value, standard deviation, CV, skewness and kurtosis were analysed. The results highlight the
sensitivity of rainfall characteristics to MIT and as such care needs to be taken in the selection of MIT
values in any study. The outcome from the research can be used in different fields of studies that deal
with rainfall such as agriculture, meteorology, hydrology, etc.
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