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Time Series Analysis and Forecast Models
for Rainfall in Muar, Johor
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Abstract

This study was carried out using the APHRODITE (Asian Precipitation-Highly-Resolved
Observational Data Integration Towards Evaluation of Water Resources) 0.25° X 0.25° high resolution
daily rainfall grid data from 1951-2007. All data set were divided into annual, monthly, and seasonal
rainfall data to analyze the long-term rainfall trend and rainfall forecast in Muar. The results showed
that there was an increasing trend in annual rainfall recently. The signals of 4 year, 2-3year, and annual
cycles were found in Muar rainfall cycles through Fast Fourier Transform (FFT). Based on the above
mentioned data, this rainfall pattern was suggested to be contributed by the TBO (Tropospheric Biennial
Oscillation) and more significantly, by the ENSO (El-Nino Southern Oscillation) events. Furthermore,
the rainfall in the winter has been increasing since 1998. It implicated an intensified East Asian winter
monsoon that led to an accelerated perturbation in the tropical region. According to the analyzed
relationships between the rainfall variability and meteorological disaster, floods were the major concern
in November and December, while drought was the prime woe in February. ARIMA time series model
was used to forecast the annual rainfall in Muar. Nevertheless, it has a shortcoming of overlooking the

extreme rainfall data.
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Anomaly of Muar Rainfall 1951-2007
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{a) Plot of Muar Rainfall in MAM 1951-2007 (b) Plot of Muar Rainfall in JJA 1951-2007
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FIMERT B A i s - BILA 11 BAD 12 AS bR Rrsr - HRAILL3 - 4~ 5 HRyEFREW
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Plot of Monthly Muar Rainfali for 1951-2007
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Augmented Dickey-Fuller Unit Root Test on RAINFALL

Null Hypothesis: RAINFALL has a unit root

Exogenous; Constant, Linear Trend

Lag Length: O (Fixed)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -6.240905 0.0000
Test critical values: 1% level -4,130526
5% lovel -3.492149
10% leval -3.174802

“MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation

Dependent Variable: D{RAINFALL)

Method: Least Squares

Date: 04/24/11 Time:

02:36

Sample (adjusted): 1952 2007
Included cbservations: 56 after adjustments

Variable Coeflicient  Std. Error t-Statistic Prob.
RAINFALL(-1) -0.867411 0.138988 -6.240908  0.0000
C 1587.473 269.6816 5.886470 0.0000
@TREND(1951y  -1.187131 2.307774 -0.514405 0.6091
R-squaned 0.425172 Mean dependent ver 2.740804
Adjusied R-squared 0.403481 S.D. dependent var 356.6444
S.E. of regression 2754531 Akaike info criterion 1412679
Sum squared resid 4021342, Schwarz criterion 14,23530
Log likelihood -392.5502  F-statistic 18.60078
Durbin-Waetson stat 2.003919  Prab(F-statislic) 0.000000

W10 WIERME 19512001 EEERRREEREES

Correlogram of RAINFALL

Date: 04/24/11 Time: 02:22

Samptle: 1951 2007

Included observations: 57

Autocorrelation

Partial Correlation

AC  PAC

Q-Stat Prob

0.113 0.113
0.248 0.238
0.124 0.082
0.203 0.138
0.088 0.020
6 -0.001 -0.100
7 0.034 -0.016
8 -0.092 -0.123
9 0115 0.129
10 -0.237 -0.220
11 0.0891 0.124
12 -0.252 -0.213
13 -0.034 -0.003
14 -0.087 0.028
15 -0.061 -0.008
16 -0.105 -0.054
17 -0.062 0.036
18 -0.010 -0.049
19 -0.123 -0.015
20 0.045 -0.026
21 -0.218 -0.112
22 0.002 -0.070
23 -0.084 0.024
24 -0.057 -0.085

(L0 PN R

0.7653 0.382
4.5110 0.105
54716 0.140
8.0928 0.088
8.5911 0127
8.5912 0.198
8.6687 0.277
$.2521 0.321
10173 0.337
14,182 0.165
14.783 0.193
19.530 0.077
18.621 0.105
20218 0123
20515 0.153
21.418 0.163
21.737 0.185
21.746 0.243
23.083 0.234
23.266 0.276
27.713 0.148
27.713 0.185
28.588 0.194
28.921 0.223

BESEN AcHIrac B
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#1 ARIMA (p.d,q) EHRISHE

ARIMA (p. d, q) AIC SBC R?
(1,0, 1) 14.0812 14.1897 0.0687
1,0,2) 14.1077 14.2162 0.0437
(1,0, 3) 14.1289 14.2374 0.0232
(1,0,4) 14.0844 14,1929 0.0657
2,0, 1) 14,1064 14.2159 0.0634
a,0,1) 14.0941 14.2046 0.0211
4,0, 1) 14.0858 14,1973 0.0484
2,0,2) 14.0947 14,2042 0.0743
(2,0,3) 14.1205 14.2300 0.0501
(2,0,4) 14.0961 14.1684 0.0203
(3,0,4) 14.0485 14,1590 0.0648
(4.0,4) 14.0635 14.1750 0.0694
(3.0,2) 14.0750 14,1855 0.0397
(3.0, %) 14,0862 14.1967 0.0288
(4,0,2) 14.0644 14.1760 0.0686
(4,0, 3) 14.0968 14.2083 0.0379

e it ARIMA (3,0,4) BEZUHETT 1954 £ 2010 FRESDE BRI - 7792 TR
B 7T 2008 AR 2010 SRR 2 F T - 2 DI R HE BHER 22( Mean Absolute Percent Error,
MAPE ) « SR T {Z# ( Theil Inequality Coefficient) FI{# /7% L ( Covariance Proportion) #Efih
L FE AR U AR - (5K ML FH T (B (Forecast Evaluation)MAPE £5 11.88  f13s 8 R E{RE R 0.07
W 7R TS 0.44 - (ETRHIAS RAEEIRER T FEE PSS - BB ERinEiE S (E -

S

FAEH - REREEBEEHM AR MPRRERRIRS - 2006 FF] 2011 FRymEAKK -
ERET S ASBECHR ENIRL - LT BRI R BRI LASH - Wit - AROHEER
FIA R L BRI R R R 3 » RS ST AR RAT Rl & A - AR
MRIEEIELE APHRODITE 0.25° X 0.25° B R AR EEGAR A i » IS8 HY 1951 4£.58 2007 4R.3L 56 4F -
1.75°N £ 2.5°N #1 102.5°E ¥ 103.0°E E HRFENESER - R ga58 - HiE=4d
149 RN R Hsh 34T 6 P8 o P b R 1) S R R B R~ (R Rl R IR R e 1 -

IR R O R RIAE SR LT - ThETE 1965 45 % 1998 S AEERUER AFH51E - 1T
I RAE LARER . BEESFERERNEHET 1995 4 - TR {EEEBIIRAE 1974
o AR BEEBCEE R TS BB - R E R RESASILL 4 47 - 2-3 HHIRFERHE
VATEERTARE - (LN ER TSR Y L o LI 2 4R 4-7 PR TR A ED o HRIR I
BB ET TN ARIMA RESEESE (3, 0, 4) JUINaEM AR R - DR IER ] A
#i5 TBO 1 ENSO SRy E - AMITFA RN EERLE ENSO SRR RGeS - 1 -
LA u ERLT M 2R L B -

A3 SRR 3 8 P 1S FR TR LA SR U » RIS HB S BRI R B 1970 111 5L R iess - 2%
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T A R AT FEAEEMERT - 2 ZERERNAE 1998 i iR R IHRRRY L7+ % - A SR EEUE
ZHBFRL  ERRE - BERERREUE TGN L E R E SR - A HERIREN
BRYFHEPENHII2H 2 AN TERENRAS EEPREHE - EiEtBE 1112 4
HIRFKELUKER T - T 2 EAIFEE SRR RREAR -

TERENE BN - AR A ARIMA BRRFFIRELL 1951 £ 4 2005 FHIRENER S
EERE - 5 2006 4EF1 2007 £ EERT ST TTEA ARIR ALC FI SBC #efl H S EE IS B ARIMA
(3,0,4) 5=l - SRR AR NI TS R B P E AT EBGA A T 198 » BIME i S
S -

AR Z IR AR E S R RNE - S8 TR ERE TR T HER, - A -
TERVT RO AR BIER T TBO #1 ENSO 4t » B2 8 AR R » 4 Hadley BRFEFFIR A MR
Ff QR E T % B R R R o A - RRFTE R R I AR B SRS 9
HIMERAR G RAERE RS - AR SEF RN &0 -

I

il A Sm Rt APHRODITE BiER - BERAUR . 9 MEE - JIR0 = 2
BRI FE A P R - SRR e -

&2
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