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Time Series Analysis is helpful in understanding past and current patterns of change and provides important
clue for predicting future patterns. Weather forecasting is one of the challenging tasks in the area of Time
Series Analysis. The purpose of this paper is to evaluate seasonal factors and predict the amount of quarterly
rainfall in Kolkata based on the past dataset using Regression Models and to compare the estimated values

with the actual observations.
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1. INTRODUCTION

Measurement and prediction of change using
statistical methods is a very important tool for
decision making. Seasonal variation is a com-
ponent of a time series which is defined as the
repetitive and predictable movement around
the trend line in one year or less. The term sea-
sonality [1-2] indicates some factors which oc-
cur regularly within the same time of the year
(day, week, month and quarter or six-month
period) and exerts an unquestionable influence
on economic and social activities. Seasonal-
ity is quite common in economic time series
as well as geophysical and ecological time se-
ries. It has application in retail sales, employ-
ment sector, agriculture, construction, trans-
portation, tourist trips etc.. There are several
main reasons for studying seasonal variation:
(1) to understand seasonal pattern. (2) sea-
sonal adjustment of data (3) prediction of the
future trends.

Seasonal adjustment of a time series is the ap-
plication of certain mathematical techniques to
remove periodic infra-annual variations from
these series. In recent years a lot of method-
ologies have been evolved for analyzing time se-
ries such as Exponential Smoothing, ARIMA,
Seasonal Model, Non-Linear Models, ARCH-
GARCH Model, State Space Models and
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Forecast, Rainfall, Regression, Seasonal Index, Time Series.

Kalman Filter [3-13]. These Models have been
studied extensively in the areas of economic
studies for the last thirty five years.

Over the past decade notable research works
have also been done in the areas of clima-
tology and hydrology especially in the field
of rainfall prediction or distribution and cal-
culation of seasonal effects. Among the sta-
tistical methods, Bayesian hierarchical model
[14] and Non homogeneous Hidden Markov
Model and statistical coherence analysis [15]
have been applied. Studies that use Auto-
regression based techniques namely ARMA,
ARIMA, SARIMA [16-18] have been success-
fully attempted. In addition to the statistical
methods, works based on SVM [19], ANN [20-
26], Association rule mining [27], fuzzy logic
[28-30] and K-Nearest Neighbour methods [31]
are investigated. Notable works using various
soft computing techniques [32-33] have been
proposed. In this paper we used different re-
gression based techniques for forecasting rain-
fall with seasonal adjustment.

This paper is organized as follows: Section 2
defines objective of our work. Section 3 spec-
ifies dataset used for experiments. We have
presented our procedural details in Section 4.
Experimental results are discussed in Section
5. Section 6 summarizes our conclusion and
gives some direction for future work.
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Table 11

Error Estimation
Methods RMSE=

SQRT(MSE)

Method1 204.783
Method2 390.889
Method3 221.485
Method4 261.135
Method 5/Expo/ 253.8869
Additive (Eqn. 1)
Method 5/Expo/ 261.135
Multiplicative (Eqn. 1)
Method 5/Expo/ 236.3293
Additive (Eqn. 2)
Method 5/Expo/ 952.1312
Multiplicative ( Eqn. 2)
Method 6 228.183

6. CONCLUSIONS
WORK

AND FUTURE

Though accurate forecasting or prediction is a
very difficult task, the purpose of our investi-
gation is to analyze different regression based
models and find out which one shows higher
percentage of accuracy. We have also compared
our results with the output obtained by apply-
ing Multiple Linear Regression [34] on the same
dataset. Our study has revealed that method 1
gives best result in comparison to others. Prob-
lem may arise in calculating seasonal index us-
ing method 2, if amount of rainfall in any quar-
ter/month is nil. Reason for this is that the cal-
culation of link relative of any period, previous
period’s data is required. But this problem is
absent in other methods.

Compared to the multiplicative model, addi-
tive model performs better though the error
rates are still high. In all the cases in model 5,
prediction for third and fourth quarter is too
high. From the graphs, it can be concluded
that none of the methods predicts rainfall for
quarter 2 (March-June) correctly. The reason
for this may be the variation in actual time of
arrival of monsoon. Generally, in March West
Bengal receives occasional showers with thun-
derstorms and it continues till the arrival of
south-west monsoon in June. The rainfall from
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the monsoon winds is also variable in nature.

Above methods can be used to calculate sea-
sonal index for each month and for comput-
ing monthly forecast. These models can be
extended to observe the variation of rainfall
in different places in a particular year and for
the detection of changes in seasonality over the
time.

REFERENCES

1. S Hylleberg. Modelling Seasonality, Ozford
University Press, Ozford, 1992.

2. W R Bell and S C Hillmer. Issues Involved with
the Seasonal Adjustment of Economic Time-
Series (With Comments), In Journal of Busi-
ness and Economic Statistics, 2:291-320, 1984.

3. G E P Box and G M Jenkins. Series Analy-
sis Forecasting and Control, Prentice-Hall Inc.,

London, 1976.

4. Jan G De Gooijer, Rob and J Hyndman. 25
years of Time Series Forecasting, In Inter-
national Journal of Forecasting, 22:443-473,
2006.

5. Cristophe Planas. The Analysis of Seasonality
in Economic Statistics: A Survey of Recent De-
velopments, In Questiio, 22(1):157-171, 1998.

6. David A Pierce. A Survey on Recent Develop-
ments in Seasonal Adjustment, In The Ameri-
can Statistician, 34(3):125-134, 1980.

7. Philip Hans Franses. Recent Advances in Mod-
elling Seasonality, In Journal of Economic Sur-
veys, 10(3):299-345, 1996.

8. Andy Pole, Mike West and Jeff Harrison. Ap-
plied Bayesian Forecasting and Time Series
Analysis, In Business and Economics, 1, 1994.

9. M K Newaz. Comparing the Performance of
Time Series Models for Forecasting Exchange
Rate, In BRAC University Journal, 5(2):55—
65, 2008.

10. Jan G De Gooijer and Kuldeep Kumar. Some
Recent Development in Non-Linear Time Se-
ries Modeling, Testing and Forecasting, In In-
ternational Journal of Forecasting, 8:135—-156,
1992.

11. Bjoern Krollner, Bruce J Vanstone and Gavin
Finnie. Financial Time Series Forecasting with
Machine Learning Techniques: A Survey, Pre-
sented at European Symposium on ANN: Com-
putational and Machine Learning, Bruges, Bel-
gium, 2010.



38

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Neal Wagner, Zbigniew Michalewicz, Sven
Schellenberg, Constantin Chiriac and Arvind
Mohais. Intelligent Techniques for Forecasting
Multiple Time Series in Real- World Systems,
In International Journal of Intelligent Com-
puting and Cybernetics, 4(3):284-310, 2011.

P Newbold. Some Recent Developments in
Time Series Analysis: 11, In International Sta-
tistical Review, 52(2):183-192, 1984.

B J Henley, Mark Andrew Thyer and George
Kuczera. Seasonal Stochastic Rainfall Mod-
elling using Climate Indices:A Bayesian Hi-
erarchical Model, In International Congress
on Modelling and Simulation, pages 575—1581,
2007.

Koen Verbist, Andrew W Robertson, Wim M
Cornelis and Donald Gabriels. Seasonal Pre-
dictability in Daily Rainfall Characteristics in
Central Northern Chile for Dry-Land Manage-
ment, In Journal of Applied Meteorology and
Climatology, 49:1938-1955, 2010.

Mohammad Valipour. Number of Required
Observation Data for Rainfall Forecasting
According to Climate Conditions, American
Journal of Scientific Research, 74:79-86, 2012.
Paolo Burlando, Renzo Rosso, Luis G Cadavid
and Jose D Salas. Forecasting of Short-Term
Rainfall using ARMA Model, In Journal of Hy-
drology, 144(1-4):193-211, 1993.
Osabuohien-Irabor Osarumwense. Application
of Box-Jenkins SARIMA Model in Rainfall
Forecasting: A Case Study of Port-Harcourt
South Nigeria, In Canadian Journal of Com-
puting in Mathematics, Natural Sciences, En-
gineering and Medicine, 4(1), 2013.

J Wu, M Liu and L Jin. Least Square Sup-
port Vector Machine Ensemble for Daily Rain-
fall Forecasting Based on Linear and Nonlinear
Regression, In Advances in Neural Network Re-
search and Applications, Lecture Notes in Elec-
trical Engineering, 67:55-64, Springer-Verlag,
2010.

J Wu. Prediction of Rainfall Time Series Using
Modular RBF Neural Network Model Coupled
with SSA and PLS, In Intelligent Information
and Database Systems, LNCS 7197, pages 509—
518, 2012.

Folorunsho Olaiya and Adesesan Barnabas
Adeyemo. Application of Data Mining Tech-
niques in Weather Prediction and Climate
Change Studies. In International Journal of

Information Engineering and Electronic Busi-
ness, 1:51-59, 2012.

22

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Arpita Sharma and Mahua Bose

. CL Wu, KW Chau and C Fan. Prediction of
Rainfall Time Series using Modular Artificial
Neural Networks Coupled with Data- Prepro-
cessing Techniques, In Journal of Hydrology,
389(1-2):146-167, 2010.

Kin C Luc, J E Ball and A Sharma. An Appli-
cation of Artificial Neural Network for Rainfall
Forecasting, In Mathematical and Computer
Modelling, 33 (6-7):683-693, 2001.

M C V Ramirez, HF D C Velho and N J Fer-
reira. Artificial Neural Network Technique for
Rainfall Forecasting Applied to Sao Paulo Re-
gion, In Journal of Hydrology, 301(1-4):146—
162, 2005.

G A Fallah-Ghalhary, M Mousavi-Baygi, M
Habibi-Nokhandan. Seasonal Rainfall Fore-
casting Using Artificial Neural Network, In
Journal of Applied Sciences, 9(6):1098-1105,
2009.

N Q Hung, M S Babel, S Weesakul and N K
Tripathi. An Artificial Neural Network Model
for Rainfall Forecasting in Bangkok, Thailand,
In Hydrology and Earth System Sciences Dis-
cussions, 5(1):183-218, 2008.

T R Sivaramakrishnan and S Meganathan. As-
sociation Rule Mining and Classifier Approach
For Quantitative Spot Rainfall Prediction, In
Journal of Theoretical and Applied Informa-
tion Technology, 34(2):173-177, 2011.
Pao-Shan Yu, Shien Tsang Chen, Che-Chuan
Wu and Shu-Chen Lin. Comparison of Grey
and Phase-Space Rainfall Forecasting Models
using a Fuzzy Decision Method, In Hydrologi-
cal Sciences, 49(4):655—672, August, 2004.
Suwardi Annas, Takenori Kanai and Shuhei
Koyama. Neuro-Fuzzy Approaches for Model-
ing the Wet Season Tropical Rainfall, In Agri-
cultural Information Research, 15(3):331-341,
2006.

Gholam Abbas Fall, Mohammad Mousavi-Ba
and Majid Habibi Nok. Annual Rainfall Fore-
casting by Using Mamdani Fuzzy Inference
System, In Research Journal of Environmen-
tal Sciences, 3(4):400-413, 2009.

E Toth, A Brath and A Montanari. Compari-
son of Short-Term Rainfall Prediction Models
for Real Time Flood Forecasting. In Journal of
Hydrology, 239:132-147, 2000.

C L Wu and K W Chau. Prediction of Rain-
fall Time Series using Modular Soft Computing
Methods, In Engineering Applications of Arti-
ficial Intelligence, 26(3):997-1007, 2013.



Rainfall Forecasting with Seasonal Adjustment

33. Kok Wai Wong and Patrick M Wong, Tams D
Gedeon and Chun Che Fung. Rainfall Predic-
tion Model using Soft Computing Technique,
In Soft Computing- SOCO, 7(6):434-438, 2003.

34. M Kannan, S Prabhakaran and P Ramachan-
dran. Rainfall Forecasting With Data Mining
Technique, In International Journal of Engi-
neering and Technology, 2(6):397-401, 2010.

35. Monthly Rainfall in the District of Kolkata,
http:// www.wbagrimarketingboard. gov.in

36. V Rajaraman. Computer Oriented Numerical
Methods, PHI Puvt. Ltd., New Delhi , 2000.

37. Time Series Analysis, http://www.public.ia
state.edu/

38. S Makridakis and S C Wheelwright. Forecast-
ing Methods for Managements, John Wiley
and Sons, 1989.

Dr. Arpita Sharma is an
Associate Professor in the De-
partment of Computer Science
of D D U College of Delhi
University, Delhi. She has done
% Ph.D from Banaras Hindu Uni-
versity and ME from Moti Lal
Nehru Regional Engg. College,

39

Allahabad. She has published twenty five research
papers in international journals and conferences.
Her research interests are in the field of, Data
Mining, Pattern Recognition, Image Processing
and Databases. Her current research interests are
exploring application of Bio-Inspired Intelligence
for Natural Terrain understanding and using Ma-
chine Learning Techniques for Rainfall Prediction.

Mahua Bose obtained her
B.Sc(Hons.) degree from
University of Calcutta and
received her Masters degree in
Computer Applications from
Indira Gandhi National Open
University. Her research interest
is in the area of Data Mining
and Image Processing.



