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ABSTRACT

Lately, a climatic change has affected the unaeracurrence of
the rain process that implicates several diffiegltin estimating
flood disaster. The matter will certainly give thig problem to
urban areas. Two stochastic-rain models which tsehburly
rainfall data, Neyman-Scott Rectangular Pulse (NSRRd
Bartlett-Lewis Rectangular Pulse (BLRP), are a drettay to
identify the pattern of the rain events. Five rahlmracteristics
represented by NSRP model's parameter and six ceaistics
represented by BLRP model's parameter will be us$ed
identifying the rain pattern which is representgdtie some rain
statistics such as the probability and averagehefhourly and
daily rainfall. Two statistical rain models will @dict the
statistical value. This research using the dat8®iyear rainfall
per hour (1970-2008) from Alorsetar rain statiors showed. It
has been proved that some statistic models sutheastatistical
values which are generated by both models are sienjlar to
those of observation statistics or statistics \aluehich are
generated from data.

KEY WORDS: BLRP; Climate change; Flood; NSRP; Urban
area.

1.0INTRODUCTION

The climate change issue has nowadays resultednie £vents
related to climate change which has been widelgistl by
scientists in the world. The torrential rain is omé the
components that directly relate to the climate gearHence,
some researches have been studied to explore #ractérs of
the rain deeply, especially for identifying the ambof the rain
cell, the heaviness, and the time of the rain eirerach storm
and some characteristics of the rain such as timefrequency
happened in each one group of rain cell or in ottands widely
known as ‘storm’. These rain characters that dise@ to cause
of flood in a particular region where the frequegrdgtcurred rain
is followed by the number of the big cell of ram eévery storm
and the heavy rain in long duration are the caukdlond
occurrence in an area.

Two stochastic rain models vizNeyman-Scott Rectirgu
Pulse (NSRP) and Bartlett-Lewis Rectangular PUBERP) are
the frequently used model resulting in the charaateain. Both
the models are very suitable to get complete in&dion about
the rain because these models use the rain daasmall scale
such as every hour. Rodriguez-lturbe et al [1]d8 a scientist
that has popularized two stochastic models abowth Bf them
have been used to the model the rain in Denver, titited
Kingdom. Furthermore, other scientists have joineddevelop
this model vizEntekhabi et al. [3], Cowpertwait at [4],[5],
Islam et al. [6], and Velghe et al. [7].Two stodi@sodels have
several troubles such as difficulty in finding tfeén data to each
hour and the complicated mathematics process sb tiea
research in this field is much fewer. In this stuthe hourly rain
data which are freely available on Alorsetar stafio Malaysia
Kingdom for 39 years (1970-2008) will be used imgmting the
stochastic rain models of NSRP and BLRP. The bestetwill
be determined by comparing some statistics thateatenated
from both models above to statistics that is preduby the real
data. The statistics are the mean of rain per hberyariance of
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rain in 1 and 24 hours, and probability of rainlimnd 24 hours.
The model which can estimate and approach the gstagistic
value is the best model for region around the station.

Two stochastic rain models are basically alike hseathe
rain process is calculated in each group or clustitely known
as storm. The beginning of each storm occurs thrdlg Poisson
process where the beginning time mean of st@)ns(distributed
exponentially. In each storm, there is the numtf¢he c rain cell
occurring randomly where the rain cells are disttéld in a
geometry or Poisson having mean (uc).The heaviress
duration of rain occur to every cell in each stowhich is
distributed exponentially with mean (ux) andnj1The difference
between the two models lies at the start time efrtin cell g).
TheB value in NSRP model is calculated franand thef value
in BLRP model is calculated to each interval hajppgtetween
each the rain cell in storm. The description ofhbtin models
can be explained on Figure 1 below.

Model BLRP

® Oc

Figure 1: The scheme of the BLRP and NSRP stochastic rain
model

20THE MAIN RESULTS

The most important thing in using the rain stodeasiodels is to
estimate the parameter which exists on the modéle. BLRP
model in this study uses Gamma Distribution whids two

parameters namely and 1/v as the heaviness of rain in every

storm. Khalig and Cunnane [8] have used 6 paraméterthis
model namely, p_x, o, v, x, and® in which the model used by
them exists another parameter such as the durafitimee storm
distributed exponentially with meany)(In this study, two
functions,k=p4 andx=pA, are also givenCowpertwait et al [4]
has used the NSRP model which has 5 parameterdynanpe x,
p_c, B, andn for modeling the stochastic rain in UK. Both o&th
researches which are done by scientists have gs@mme
functions connecting several statistics producedmfrthe
observation data such a¢l) (average rain 1 houry(1), o(6),
6(24) (the rain variation 1, 2, and 24 hours},1), p(1,24) (auto
correlation | at 1 for | and 24 hours)(1) ande(24) (the rain
probability 1 and 24 hours). The appendix A is givéor
explaining correlation between the function of istats and the
NSRP parameter. Both of them use numerical wayetifrg the

o
parameter value of the stochastic rain model.
Table 1: The parameter of BLRP model
Month A Ly A K ) v
Jan 0.006 71.7 8.8 0.04 0.008 0.114
Fek 0.00¢ 13.¢ 16.7 0.1 0.07: 3.911
Marck 0.01¢ 2.1 34 17.217 0.00¢ 0.00¢
Apr 0.023 119 305 0.06 0.063 12.073
May 0.025 9.9 1645 0.09 0.069 76.732
Jur 0.02C 10.e 9.1 0.1f  0.06z 2.98t
Jul 0.024 89 54 0.14 0.068 1.872
Aug 0.025 115 3.9 0.16 0.050 0.853
Sep 0.038 105 55 0.13 0.050 1.217
Oci 0.03¢ 3¢ 38x1* 0.0z 0.14¢ 8.01x1(*®
Nov 0.031 113 84 0.13 0.064 2.076
Dec 0.01: 6. 8.8 0.1 0.05¢ 3.527
Table2: The parameter of NSRP model
Month A Ly He B H
Jar 0.00¢ 8.84 252 0.2% 3.2¢
Fek 0.007 12.5( 2.9¢ 0.21 2.8¢
March 0.013 11.28 3.10 0.28 2.92
Apr 0.021 11.7( 2.2C 0.12 2.2
May 0.021 9.9t 2.64 0.1¢4 2.0t
Jun 0.015 10.02 3.69 0.11 2.08
Jul 0.017 8.29 3.40 0.09 1.66
Aug 0.01¢ 9.7¢ 4.4¢ 0.0¢ 1.87
Sey 0.027 9.12 3.7¢ 0.11 2.2¢
Oct 0.029 8.96 3.03 0.11 2.02
Nov 0.025 10.17 2.97 0.15 2.53
Dec 0.00¢ 5.7¢ 3.81 0.0¢ 1.81

Table 3: Observation Statistic of the rain data in Alorsetation

Mon (1) o(1) o(6) o(24) pl1
Jan 0.04 0.29 2.97 15.18 0.24
Feb 0.09 1.38 14.69 77.84 0.28
Mar 0.14 2.0¢ 19.9¢ 95.9¢ 0.2¢
Apr 0.22 342 32.22 139.37 0.32
May 0.25 3.61 38.45 162.89 0.36
Jun 0.24 3.08 39.26 182.86 0.36
Jul 0.27 3.21 39.1: 206.0: 0.41
Aug 0.34 4.78 57.14 34351 0.39
Sep 0.38 4.42 48.29 255.08 0.33
Ocl 0.3t 4.22 51.0( 237.3¢ 0.3t
Nov 0.27 3.4z 37.61 167.4: 0.3(
Dec 0.11 0.86 10.19 55.17 0.40

In this study, the result of parameters of the Blari NSRP
rain model per month can be seen on Table 1 antk Tabrhe
parameters are generated after needed statistie islobtained.
This statistic value is observation statistic alxtdi from the real
rain data.
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Comparison Stat Observasi, BLRP and NSRP
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Figure 2: Comparing model and observation statistic

The result of both the rain models is done by caimgasome
of the statistic models vizu(1g(1), p(1,1), andp(24) which are
produced by both models for statistic observat®ased on the
Figureureures, it can be concluded that both ofrétie models
have successfully been used in predicting soméstitat which

are used for representing the characteristic of vall, and it is
proved by the ability of statistics to approach #tatistic of
observation.

4.0 CONCLUSION

The modeling of rain using short-scale rain datdasrly rain

data is very usefull to produce the complete infation about

behavior of rain.The two stochastic rain modelshsas BLRP

and NSRP have often been used for this objectiesidis, theses
rain models are also suitable to predict somessizdi which is

very important to represent the rain condition éntain areas. To
predict the important statistic values for severpjectives, the
stochastic rain model of BLRP has the same a gapdhility as

NSRP.
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Appendix A

The relationship between observation statistic and NSRP parameter
The equalities (1), (2), (3), and (4) are correlation among mean, variance, autocorrelation, and probability of the rain
observation to NSRP parameter.

E(r®) = 2E(OE() @
Var(Y ™) = 0,(4, E(C), E())W, (1, 7) + 2,(4, E(C), E(x))¥, (8,1, 7) )
Cov(¥,¥0) = 04 (A, E(C), E())W3(B,1,7) + 2,(A, E(C), E()) ¥4 (8,1, 7) 3)
1-pPry® =0} €

with,
Pr{Yi(T) = O} = exp (—AT +AHEWC) - 1) tw — Af [1-p(t,D]dt )
0

(E©) - Dpy
v

p(t,7) = (exp[-B(t —D)] +1-9) x exp( +(E(C) - Dexp[-p(t + T)])

2,(LE(C),E(x)) = 2AE(C)E(x?)

2,(LE(0),E(x)) = AE(C?* — CO)E%(x)
1

Y. (n,7) = n—3(nf — 1+ exp(—n7))

B2 B Bt — 1+ exp(—p71)
B* —n? B(B*—n?)

Y2 (B,1,7) = ¥1(n,7)

1
Y,(B,m,7) = 2—713(1 — exp(—n1))?exp(—n(k — 1)

p*? (A +exp(=pr)’exp(—f(k — 1))
B —n? 2B(B* —n?)

LV4(/3'TI' T) = LPS(ﬁ! TI'T)

k = auto correlation
T = scale of rain

w=1—-exp[l—E(C)+ (E(C) — 1) exp(—pB1)]

_In exp(—pt) — p exp(—nt)]
[n — Bl

v = [exp(—pt) — exp(—nt)]

v=[n-=pBl-(EQ) -1 exp(=pt)]
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