UNIVERSITY OF KELANIYA - SRI LANKA
CENTRE FOR DISTANCE AND CONTINUING EDUCATION

Bachelor of Science (General) Degree (External) Examination — May 2025
ACADEMIC YEAR 2019 — Semester 1
STATISTICS
STAT 36513 — Time Series Analysis (R)

No. of questions: Four (04) No. of pages: Six (06) Duration: Two and Half (2 1/2) hrs.

Answer all questions

01.
{a)Define what is a Time Series.
(b)What is meant by a non-stationary time series?
{c)Explain one statistical test that can be used to assess the stationarity of a time series.
{d)State four main components of a time series.
fe)Identify component/s of below two time series plots with suitable justification.

Figure 1: Quarterly Price
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- 02.
(a) Briefly explain the following techniques:

(i)Differencing

(ii)Log Transformation
(b} Sunshine Electronics, a medium-sized retailer, has been monitoring its monthly sales
revenue (in LKR '000) for one full year. The management is keen to analyze the sales
trend and identify any underlying patterns or seasonality to improve inventory planning

and budget forecasts for the upcoming year.
The recorded sales revenue for each month in 2024 is shown below:

Sales (LKR “Thousands”)

Month Sales
January 120
February - 130
March 145
April 155
May 160
June 170
July 190
August 200
September 220
QOctober ' - 230
November 240
December 260

As a data analyst for the company, you are asked to analyze this time series and
provide insights into whether the data is stationary, and if not, what steps are
needed to make it so.

(i).Plot the time series and briefly describe it.

(ii). Apply the first-order differencing to the series. Present the differenced data and
comment on whether the differenced series appears stationary.

(iii).If the first difference is still non-stationary. Explain other transformations
might be appropriate before differencing again? Explain the reasoning.

03.
(a)List three key assumptions of time series models that are commonly used as measures

of model adequacy. For each assumption, mention one statistical test or diagnostic
method used to assess it.
(b)Define a general ARMA (p, q) process.
(c)A time series {Y¢} be defined by:
Y, = 0.5y;4 + & + 0464
where {&.} is a white noise with mean zero and variance o’
(i) Identify the time series model given by the above equation.
(i) Is the above process stationary? Justify your answer.
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(d)Consider the following process:
X, =& —0.6g_; +0.28_,
where {&,} is a white noise with mean zero and variance o2,
(i) State name of the process.
(ii) Compute the mean and the autocovariance function y), for #=10,1,2,3.

04.
(a) ACF and PACF plots of different time series are given below. Write down all
candidate time series models for each series using given plots.

(i) Correlogram of the first differenced series of Quarterly GDP
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(ii) Correlogram of first differenced series of Monthly Water Pollution Index
P T —
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Date: 0618119 Time: 11:53
Sample: 178
Included obsarvations: 77

Autscomrelaticn  Parifal Correfation A0 PAC Q-Stat Preb

1 {146 0148 17178 0180
2 0237 0264 52548 D044
3 -0.208 <0139 28382 0020
4 -0.022 0630 89.3800 D042
5 -0.032 0120 99671 0078
§ -0.075 -B.110 10453 4108
7 0678 0113 10891 0428
8 0B17 -0082 117 201
9 D140 2073 12775 0173
0 0118 0028 13881 0473
11 -007 0023 14018 0232
12 0047 003 14227 0288
13 0.025 0.042 14288 0384
14 0013 0003 14202 0427
15 0040 0085 14212 0502
15 0154 0.224 16668 0407
17 0058 0074 17028 (482
18 -0122 D085 18551 0420
19 -0.03% 0021 1E.583 0477
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(b)A statistician has identified the following models based on the analysis of a company’s datasets.
Review the given information and write down the model equations using appropriate notation.
Briefly explain your choice of parameters.

(t)MA {4) model
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Dependent Variable: D{LAKE}
tiethod ARKA Maxisnum Likslihood {OPG - BHHH}
Trate: 06113418 Time: 0814
Sample:Z78
Inciuded chsarvations: 77
Comvargance achisved after 17 iterations
Cosfficient covariance compuled using cuter product of gradients
Yangble Cosfficient Sid. Erer t-Staiistic Pres.
c 0.000234 0.073727 4003178 0.997%
AR(1} p203212 0105865 1870013 0.0685
ARIZY -0.308431 9087075 -3477114 0.0022
SIGHASQ 0.472973 {1.079282 2857240 0.0860
R-squared 0.105381 fi2an dependent var D.008104
Arusted R-squared 0.868618 S.0. dependentvar 3731876
82 of regrassion 0.706321 Axaike info cilterion 2195989
Sum squared resid 3641880 Schwars critedion 237785
Logliketineod B0.54480  Hannan-Quinn criter. 2244874
F-statistic 2866330 Curbin-vatson stat 2033251
Prog{F-stalisticy £.042358
Inverted AR Roots 10+ Bai .10-55
(ii)) ARMA (2,2) Model
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{¢)Following two outputs are related to two fitted models for a time series. Discuss the
adequacy of the fitted models and recommend the most suitable model with

justifications.

Model 1
Dreparaiend Varlable: X
Method: ARMA Madmum Likeihood (0PG - BHMM)
Date: 0872524 Time: 12:50
Sample: 1 80
included observations: 80
Lonvergance achioved afler 4 Rerstions
Cawtflicient covariance sormputed valng outer product of gradients
Vaidsble Coefflciart  Sid Bvor EShetislle Bub,
< Ptz 6284408 1081243 44918
AR{1} (479208 S.009113 4834025 0.0000
BIGMARD 1418182 0282288 B40HTHE (0000
Fesquansd {h234230  Maean depandent var {L200840
Adusted Raquared $.21434G  B.55. dependent var 1.363433
5 E of regression 123830 Akalke info criturion G280478
Sum souared resld 1154808  Schwarz cilaton B ERSEGE
Log Bglihood 27618t Hannan-Ouing criter, o eadris vl
Fomatiglic VEIYEE  Durbin-Walson shat 1530796
ProhiF-slatistic} 0.060034
inwerad AR Rools A%
Model 2
Bapendent Variable: X
Method: ARMA Madmum Likelihood {OP3 - BMEM}
Date: 0B/28/24  Thme: 12:51
Sampis: 1 BG
fnsluded obesrvations: 80
Cowwergence schioved afler 28 Serations
Coofficlent covarianee complied using outer praduct of gradisals
Vagdabla Coeficient B Bmor 18hiiztic Prb
43 SLEEISIE 42te JLB430%8 01932
HA{1) SIS QOFTESR BAEI401 60000
SIGMASG 1083381 Q217372 4884000 0000
Resquared 1444991 Mean dependent var 200840
Aefjusted Reaguared G306 5.0 dependent var 1.35645%
S.E. of rogression 1660838  Akalke info clterion 360351
Sy souared resld 2687044 Sohware eritarion KLiiariing
Log likelihood «17.93582  Hasnas-Guinn oriter. A030194
F-gtatintic X306 DurbinaWalson stat 1817382
Frob{F-statistc) GUG0000
fvarted MA Hoote 78

(d}A researcher has drawn following graphs to visualize actual verses fitted values for the
test set of three time series. Interpret each graph separately.
(i}Graph 1: Yearly Mango Production
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(ii)Graph 2: Daily Sales
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(iii)Graph 3: Monthly Air Passengers
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Helpful Information:

Autocovariance Function of MA(q) Process:
_ {ag(eoeh +010p4r+ o+ 0,40,) »  h=012,..q
Yr = 0, h>q
where 8; = 1.
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