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ABSTRACT

Aim of this research is to study stochastic chamastics of daily rainfall series. The study waslertaken using
25 years (1977-2001) data of Purajaya region. Enes of the daily rainfall data assumed was trieaed. The periodic
components of daily rainfall series were represgre using 253 harmonic expressions and stochastigponents of
daily rainfall series were presented using secanlgroautoregressive parameters. Validation of gaadrdaily rainfall
series was done by comparing between generatedwetsured daily rainfall series. For periodic miodglmean of the
correlation coefficient between generated and nredsdaily rainfall series with the number of theéadhl is equal to 512
days for 25 years was found to be 0,9576. For geriand stochastic modeling, mean of the correfatioefficient was
found to be 0.9999. Therefore, developed periodit stochastic model could be used for future ptegicof daily rainfall
time series.

Keyword: daily rainfall, fast fourier transform, fourier alysis, autoregressive model, least squares method.

INTRODUCTION and method of least squares. The model can be tased
To design water consuming of irrigation, detailed provide synthetic and reasonably rainfall datapl@anning

information about the rainfall with respect to tinie the irrigation or water resource projects in thieife.

required. To provide long sequence record of rédidzta

was very difficult, so sometime, to extend the fain MATERIALSAND METHODS

record, generating the synthetic rainfall record is

necessary. Various methods have been used by Emgine Study area

and scientists to provide this information. Moste th The study area comes under the humid region of

existing methods are either deterministic or prdisiiz in the subdistrict of West Lampung, Profince of Lamgpun

nature, Kotegoda, (1980) and Yevjevich (1972). WHkiile Indonesia.

former methods do not consider the random effefts o

various input parameter, the later method employ th Collection of rainfall data

concept of probability to the extent that the tilmesed Daily rainfall data of Purajaya region was

characteristics of rainfalls are ignored. With theer collected from Indonesian Meteorological, Climatptal

increasing demand for accuracy of analyzing ralinfata, and Geophysical Agency, Profince of Lampung. Rdinfa

these methods are no longer sufficient. data for a period of 25 years (1977-2001) was lusede
The rainfalls are periodic and stochastic in ngture study.
because they are affected by climatological paramee., The mathematical procedure adopted for

periodic and stochastic climate variations aredfmed to ~ formulation of a predictive model has been discdsze
become periodic and stochastic components of fainfa follows: The principal aim of the analysis was tatain a
Hence the rainfall should be computed consideriathb reasonable model for estimating the generation ga®c
the periodic and the stochastic parts of the pmoces and its parameters by decomposing the original sities
Considering all other factors known or assumed that into its various components.
rainfall is a function of the stochastic variatiaf the Generally a time series can be decomposed into a
climate. Hence periodic and stochastic analysisaiwifall deterministic or periodic component, which could be
series will provide a mathematical model that wdkount ~ formulated in manner that allowed exact predictidrits
for the periodic and stochastic parts and will alsflect value, and a stochastic component, which is always
the daily variation of rainfall. present in the data and can not strictly be acaliuteas it

During the past years, some researches that studis made by random effects. The time series X(t)s wa
the periodic and stochastic modeling have beenighéd represented by a decomposition model of the additiv
by Zakaria (1998), Rizalihadi (2002), Bhakar (2Q06) type, as folows: (Rizalihadi, 2002; Bhakar, 200&nd
Zakaria (2008). Rizalihadi (2002) and Bhakar (2006) Zakaria, 2008),
studied periodic and stochastic modeling for manthl
rainfall series, but Zakaria (2008) have studied daily Xp=Tyt Ryt (1)
rainfall series.

Aim of this research is to study stochastic Where
characteristics of daily rainfall series in Puraaising fast Ty = trend component
Fourier transform, Fourier analysis, autoregressielel P = periodic component



VOL. 6, NO. 6, JUNE 2011 ISSN 1819-6608
ARPN Journal of Engineering and Applied Sciences

©2006-2011 Asian Research Publishing Network (ARPN). All rights reserved.

www.arpnjournals.com

Sy = stocastic component - kel r=k
t =1,23,.N Pt)= D Asin(m )+ > Bcofm 1) ()
r=1 r=1

N = number of observation points =

The trend component describes the long smoothWhere
movement of the variable lasting over the span of . — model of periodic component
observations, ignoring the short term fluctuations. P P _ . P
hypothesis of no trend was made. So the equatiorbea < =A«+1= mean of daily rainfall (mm)

presented as an equation as follows: o, = angular frequencies (rad)
t = time (day)
x(t) = F%t) + St) @) A, B = Fourier coefficients
k = number of significant harmonics

Equation (2) is as a approximation equation to

model a periodic and stochastic modeling of daiinfall. Stochastic components

The stochastic component was constituted by
Spectral method various random effects, which could not be estichate

Spectral method is one of the transformation gyacily. In the case of rainfall series from Puyajeegion.
method which widely used in many applicationsat®e o giochastic model in the form of autoregressivedeto
presented as Fourier transform as follows, (Zak@@83; was used for the presentation in the time seriggs T

Zakaria, 2008): model was applied to tht) which was treated as a

—2qi mn random variable. The deterministic components were
At E=N/2 - . - .
Af,)=— Zp(tn)'e M (3) removed and the residual was stationary in nature.
A 2 Mathematically, an autoregressive model of ordeamp be

WhereP (t,) is a daily rainfall data series in time domain written as follows:

and P (f,) is a daily rainfall data series in frequency . j=k

domain. Where thé (f.) is used in Equation (4) and (5) §=¢&+ ) b.S (6)

as an angular frequencyy. Thet, is a series of time that =1

present a length of the rainfall dataNpThef,, is a series

of frequencies. R
Based on the rainfall frequencies resulted using § = -+ + + +

Equation (3), amplitudes as functions of the rdinfa S=6+b8,+h, S+ +hS, )

frequencies can be generated. The maximum ampditudeWhere

can be obtained from the amplitudes as significant

amplitudes. The rainfalls frequencies of significan

amplitudes have been used to simulated syntheily da .

rainfalls were assumed as significant rainfall frexcies.

The significant rainfall frequencies resulted inststudy

was used to calculate the angular frequencies ateino To generate a number of model parameters and

the periodic components of Equation (4) or (5). independent random number of the stochastic model,

method of least squares was applied.

Equation (6) can be presented as follows:

b, = autoregressive model parameters

& =independent random number
=1,2,3,4,..k

k = number of stochastic order

Periodic components
The periodic componentP(t) concerns an METHOD OF LEAST SQUARES
oscillating movement which is repetitive over aefikx
interval of time (Kottegoda 1980). The existenceP(f,) Deter mination of periodic parameters
was identified by the fourier transformation methdthe In curve fitting, as an approximate solution of

oscillating shape verifies the presencePfh,), with the  herjpdic component® (t), to determine Functio P(t)of

seasonal period, at the multiples of which peak of . . .
estimation can be made by a Fourier Analysis. TheEquaUOﬂ (5), a proced_ure widely used is methodeabt
squares. From Equation (5) we can calculate sum of

frequencies of the spectral method clearly showesl t . .
presence of the periodic variations indicatingdigsection. squares (Zakaria, 1998) as follows:
The periodic componern®(t) was expressed in Fourier Sum of squares =
series as follows (Zakaria, 1998):

|:3(t) =S+ i Asin(w, 1)+ i B,cos(w, 1) (4 J= ;{P(t) - P(t)} (8)

WhereJ depends o\, B,, anda. A necessary condition
Equation (4) could be arranged to be Equation (5)¢5 jtg pe rﬁinimum'z\r ' “ y

as follows,
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03 _ 03 _withr=1,2,345,..., k 9)
oA 0B

Using method of least squares, we can find

equations as follow:
a) mean of daily rainfall,

So = A<+l

b) amplitude of significant harmonic,

C =yA+Bf

¢) phase of significant harmonic,

¢, = arctam—
A

Mean of daily rainfall, amplitudes, and phases o
significant harmonics can be substituted into anaégn
as follows:

(10)

11)

12)

~ r=k
P(t)= S, +Y.C, Cos(w,t-9,) (13)
r=1

Equation (13) is a harmonic model of daily
rainfall where can be found based on daily rainfalies
of Purajaya.

Estimation of autor egressive parameters
Using Equation (2) we can find stochastic
component of daily rainfall as follows:

Sy = X

~Fy

® (14)

Following Equation (8), using Equation (14) and
Equation (7) we can calculate sum of squares &sifsi

(15)

Sum of squares 3= t:Z:m{S(t) - é('[)}2
=1

WhereJ depends ol andb,. A necessary condition far
to be minimumis

a3 _ aJ

d  ob,

Owith k= 1,2,3,4,5,.p (16)

Using method of least squares, we can find

independent random numberand autoregressive model
parametersy.

RESULTS AND DISCUSSIONS

For testing the statistical characteristics of yail
rainfall series, 25 years data (1977-2001) of dedipfall
from station Purajaya was taken.
characteristic of the annual mean and maximum aHiof
daily rainfall series were estimated. Figure-1 shidive
daily rainfall time series.
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Figure-1. Variation of daily rainfall series for 25 years
from Purajaya station.

Based on the analysis, mean annual daily rainfall

values vary from 2.00 mm in the year of 1986 tcbIr#m

¢ in the year of 1977. Maximum annual daily rainfadlues
vary from 35 mm in 1986 to 152.9 mm in the year of
1992. The variation may be attributed towards theinral
changes in yearly climate. Annual cumulative rdiné
Purajaya indicates minimum 552.5 mm in the yeak9&9
and maximum 4308.9 mm in the year of 1996 with mean
annual cumulative rainfall 2553.5 mm.

Figure-1 presented the mean annual daily rainfall
values vary from 2 mm in the year of 1986 to 125 im
the year of 1977. Maximum annual daily rainfall wed
vary from 35 mm in the year of 1986 to 152.9 mnihae
year of 1992. For annual cumulative daily rainfatlicate
minimum value of 552.5 mm in the year of 1989 and
maximum value of 4308.9 mm in the year of 1996 with
mean annual cumulative daily rainfall value of 2563
mm.

Spectrum of daily rainfall time series can be
generated using fast Fourier transform method. For
years daily rainfall data, result of the Fourier
transformation is presented in Figure-2 as follows:
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Figure-2. Variation of daily rainfall period series for
25 years from Purajaya station.

The statistical

Figure-2 shows that the maximum amplitude of
daily rainfall is occurred at 3.3255 mm for periaid365.2
days or one year. It indicates that the annual corapt of
periodicity is quite dominant compared with the esth
The spectrum above is presented in the rainfallligudes
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as a function of periods. Spectrum of daily raintidta The significant frequencies of calculated dailynfall

presented in Figure-2 was generated by using thE FF series presented here were found using the rajpéaibds

toolbox of the Matlab software. of daily rainfall series presented in the Figures-3
To confirm the presence of periodic component Calculated daily rainfall series presented here are

in daily rainfall series, the Fourier transform hed was
applied to generate dominant rainfall frequenckes. one
year daily rainfall data, 512 days of rainfall dateries
were used to get the dominant rainfall frequencidse
generated frequencies were obtained using an #igori

predicted values of the best fitting model. Becao$e
measured daily rainfall series highly varies in djnso
calculated daily rainfall time series significantigries in
time.

Using Equation (14), stochastic components of

which proposed by Cooley and Tukey (1965) where thedaily rainfalls at Purajaya region have been caleadl.

number of data N to be analyzed is a power ofe2, N =

2 k. Based on the results, spectrum of one yedy dai
rainfall, calculated and measured daily rainfalts the
year of 1977 are presented in Figures 3 and 4liasvi
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Figure-3. Variation of daily rainfall periods in
the year of 1977.

Figure-3 presents periods of daily rainfall for the
year of 1977, using a number of data, N equal & Fhe
data is started at"of January for every year. The Figure
presents the daily rainfall amplitudes as a fumctid the
daily rainfall periods. The daily rainfall amplites vary
highly. It indicates that the values of rainfallripelicities

also vary highly.
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Figure-4. Variation of measured and predicted daily
rainfall in the year of 1977. (P)

Figure-4 presents periodic modeling and
measured daily rainfall series in the year of 1917 a
number of the data, N is equal to 512. The 253ifsgmt
periods were generated from the spectrum of daihfall.

Stochastic components of daily rainfall in the yeaf977
is presented in Figure-5 as follows:
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Figure-5. Stochastic components of calculated and

measured rainfall in the year of 1977.

Based on an analysis of stochastic components of
daily rainfall in the year of 1977 resulted in Figtb, a
periodic and stochastic modeling of daily rainfalt year
of 1977 is found such as presented in Figure-6.
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Figure-6. Variation of measured and predicted daily
rainfall in the year of 1977.(P+S)

For stochastic components of daily rainfall from
the years of 1977 to 2000 are presented in Figure-7
Figure-29.
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Figure 10. Stochastic components of measured and
Figure-7. Stochastic components of measured and calculated rainfall in the year of 1981.
calculated rainfall in the year of 1978.
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day Figure-11. Stochastic components of measured and
calculated rainfall in the year of 1982.

Figure-8. Stochastic components of daily rainfall in the
year of 1979.
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Figure-12. Stochastic components of measured and

calculated rainfall in the year of 1983.
Figure-9. Stochastic components of measured and
calculated rainfall in the year of 1980. 8
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Figure 13. Stochastic components of measured and
calculated rainfall in the year of 1984.
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Figure-14. Stochastic components of measured and
calculated rainfall in the year of 1985.
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Figure-15. Stochastic components of measured and
calculated rainfall in the year of 1986.
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Figure-16. Stochastic components of measured and
calculated rainfall in the year of 1987.
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Figure-17. Stochastic components of measured and
calculated rainfall in the year of 1988.
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Figure-18. Stochastic components of measured and
calculated rainfall in the year of 1989.
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Figure-19. Stochastic components of measured and
calculated rainfall in the year of 1990.
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Figure-20. Stochastic components of measured and
calculated rainfall in the year of 1991.
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Figure-21. Stochastic components of measured and
calculated rainfall in the year of 1992.
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Figure-22. Stochastic components of measured and
calculated rainfall in the year of 1993.
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Figure-23. Stochastic components of measured and
calculated rainfall in the year of 1994.
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Figure-24. Stochastic components of measured and
calculated rainfall in the year of 1995.
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Figure-25. Stochastic components of measured and
calculated rainfall in the year of 1996.

rainfall (mm)

_6 il . measured (1997)
calculated (1997)

0 64 128 192 256 320 384 448 512
day

Figure-26. Stochastic components of measured and
calculated rainfall in the year of 1997.

rainfall (mm)

-6 . measured (1998)
calculated (1998)

-8 T T T T T T T
0 64 128 192 256 320 384 448 512

day

Figure-27. Stochastic components of measured and
calculated rainfall in the year of 1998.
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Figure-28. Stochastic components of measured and
calculated rainfall in the year of 1999.
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Figure-29. Stochastic components of measured and
calculated rainfall in the year of 2000.
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Stochastic components of measured
calculated daily rainfall presented from Figurea#igure-
29 show that the shapes of the stochastic comp®rwnt
measured and calculated daily rainfall quite vanyevery
year. It is indicated that the stochastic charasttes of
daily rainfall series significantly vary yearly.

Independent random numbej &nd second order

and 1995 up to 0.99999 in the year of 1979 with the mef

correlation coefficient to be 0.99993. The periodic
modeling indicated that at the years, 1987 and 1988
occurred highly variation of the climate. Also thears
before 1985 have least variation of the climatat ifs
compared with the years after 1985.

(b; and b,) autoregressive model parameters of the CONCLUSIONS

periodic modeling of daily rainfall for 25 yearsRirajaya
region are presented in Figure-30 as follows:
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Figure-30. Variation of independent random number (
and autoregressive model parametbysty) for 25 years
at Purajaya region.

By using fast Fourier transform, autoregressive
model, Fourier analysis and method of least squares
calculated daily rainfall series can be producewuttsstic
rainfall series significantly. Spectrum of dailyintall
series generated by using Fast Fourier Transformbea
used to simulated synthetic daily rainfall serieswaately.
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