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Prediction of Indian Monsoon Rainfall by Interval
based Simplified High Order Fuzzy Time Series
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Abstract: Rain is of uttermost importance for agriculture
based economies. Most of the Asian countries, India in particular
largely depend on a good rainfall. The prediction of rainfall will
not only help government to make better future policies but also
farmers and agro based companies can make better future
management.  Rainfall forecasting involves high degree of
uncertainty and for such conditions fuzzy time series and other
soft computing techniques are best to deal with. The utility of a
forecasting method lies with the accuracy with the predicted
values. In this paper rainfall prediction by fuzzy time series
model is proposed in which two difference values of the interval
corresponding to the fuzzfied forecasted value is proposed. This
model is tested on real time data of average monsoon rainfall in
India. The predicted values are compared with Chen model. The
results show that the proposed model have less error compared to
Chen’s model.

Keywords: Difference intervals, Fuzzy relations (FR), Fuzzy
sets (FS), Fuzzy time series model (FTSM)

l. INTRODUCTION

Zadeh [5] was first to consider the uncertainty in
mathematical formulations and presented FS theory. Since
then FS become one of the best techniques in dealing with
the daily life problems having vagueness and uncertainty in
the information. Song and Chissom [8], [9] successfully
implemented the idea of verbal variables for approximate
reasoning using FTSM and applied it on Alabama
University’s enrollment data. Huarng [4] model improved
the forecast of university enrollments using heuristic
increasing and decreasing relation and tested this model on
Taiwan Futures Exchange forecasting. Chen [10] used
arithmetic operations instead of completed max-min
operators and presented high order FTSM and got better
results than Song and Chissom [8], [9]. Chen and Hsu [11]
developed a new improved FTS method for forecasting
enrollments. Optimal length of interval is the base for a
good forecasting model. Singh [7] presented a review in
which FTS based modeling techniques are discussed. Rana
[1] studied on the rice production FTS Forecasting model.
Panigrahi and Behera [12] in his study proposed an efficient
computational model for forecasting using high order FTS.
Rana [2] worked on time invariant models and presented a
comparative study for forecasting crop production using
timeinvariant FTS models. Chen [3] et a. used an important
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common problem of many countries and proposed a model
for real time flood forecasting by FTSM. Bose and Mali  [6]
presented a survey on designing FTSM which provides a
base for studying this soft computing technique. The
proposed model uses a high order FTSM for forecasting a
Indian monsoon rainfall using a 15 years historical data of
rainfall from meteorological department of government of
India.

. PRELIMINARIES OF FS

Definition 1. FS A; with membership function wu,,
onU ={uy,uy, usz ..... u,} isdefined by

_ Ha, (u1) " Uy, (uy) n Uy, (uz) .

4;

+ .uAn (un)
Un

Definition 2. Let FS f;(t),(i = 1,2,3....) are defined
on Y(t) and F(t) is the collection of al f; then F(t) is
called FTSon Y(¢t).

Definition 3. Suppose F(t) is caused only by F(t — 1)
and is denoted by F(t — 1) - F(t) = a fuzzy relationship
between F(t) and F(t—1) and F(t) is caused only
by F(t — 1). This can be expressed by the fuzzy relational
equation: F(t) = F(t — 1)oR(t,t — 1)where, ‘0’ isMax—
Min composition operator. Relation R is called model first-
order of F(t).Also ifR(t;,t; —1) =R(t,t, — 1), Vit #
t, then F(t) iscaled atimeinvariant FTS.

Definition 4. A n"-order FTS is one in which F(t) is
caused by n fuzzy setsF(t —n),F(t —n+1),.. F(t—1)

and the fuzzy relationship is given by
A Ay Ay e Ay, > A

. PROPOSED METHODOLOGY

Step 1. DefineU asU = [Upin — Uy, Upax — U, ] Where
U, and U, aretwo proper positive numbers and U,in, Upmax
are min. and max. values of real time rainfall data
respectively.

Step 2. Construct equal length sub intervals

Uq, Ug, e oo - Uy, FrOm,

Step 3. Construct the FS 4;
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Step 4. Fuzzify the data and establish FLR using If A., A,
are the fuzzy production for n, (n+1) ™ year then FLR is
A, - A, where A, , A,, arecalled current and next state.
Step 5. Using FLR, obtain fuzzified output.

Step 6. defuzzified and obtained the forecasted value using

[S,."] is corresponding interval u, for which A, has
max. membership 1

L[S,,"] lower bound of u,, U[S,”] upper bound
of u,

I1[S,*] length of u,, MI[S,”] midvalue of u,

For FLR A, - A,

A fuzzified data of n'" year,

A,: fuzzified data of (n+1)" year

E.: actual data of n" year

E..: actual dataof (n-1)™ year

E. »: actua dataof (n—2)" year

F.:  crispforecasted value of the (n+1) ™ year

Algorithm for forecasting rainfall

FLR for K"to (k + 1) " year is A, — A,; k=3 ...upto
end of time series data

Calculating the differences as

Dc:“Ec - Ec—1| - |Ec—1 - Ec—2||

ae = Ec+°¢ ac=FE —% B.=E. +=¢
, 2D,

Fe=E—=

Ye =Ec.+ D, y’C=Ec_Dc

For I=1to6

If L[S,,'] < a. < U[S,"]thenF; = a.,n; =1, Else
F,=0,n, =0

Next : If L[S,"] < a'. < U[S,"]thenF, =a’,,n, =1,
ElseF, =0,n, =0

Next : If L[S,"] < B, < U[S,,"] then F; = B.,n; =1,
ElseF; =0,n; =0

Next : If L[S,"] < B, < U[S,"]thenF, = B’
1,ElseF, =0,n, =0

Next : If L[S,"] < y. < UI[S,"]thenFs = y,,ns =1,
ElseFs =0,ns =0

Next : If L[S,"] < v < U[S,"]thenFs = y'_ ,ng =
1,ElseFs =0,ns =0

Now A= F, + F, + F; + Fy+Fs + F

If A= 0then E, = M[S,,"], Else E, = (A + M[S,,"])/
(n; + ny+nz+nz+n, + ns+ng + 1)

Next k

e =

STEPWISE APPLICATION OF THE PROPOSED
MODEL

Step 1. Universe of discourse U = [0940, 1240]
Step 2. Partitioning U into equal length of sub intervals with
mid values as

u, = [0940,0960,0980]
u; =[1020,1040,1060]
us =[1100,1120,1140] ug = [1140,1160,1180]
u, =[1180,1200,1220] ug =[1200,1220,1240]
Step 3. Defining FSA4,, n=1..8as

A;: Drought situation, A, : Very low rainfal,

A; : Low rainfall, A, : Average rainfall,

A : Good rainfall, Ag : Very good rainfall,

A, : Heavy rainfall, Ag : Flood situation

These FS with membership grades are as

u, = [0980,1000,1020]
u, = [1060,1080,1100]
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A= LpSp0 0,00, 0,0
Uq Uy us Uy Usg Ug uy ug
A= 24 lypS 00,0, 0,0
51 uz us Ug Us Ue uz usg
Aj= L4 Syl s, 0,0, 0,0
Uq Uy Uusz Uy Usg Ug uy ug
A= L4l s 15,0, 0,0
Uy uz us Ug Us Ue Uz ug
0 0 0o .5 1 5 0 0
Ag= —+—+—+—+—+—4+ —+—
U Uz Uz Uy Us Ug Uy Ug
Ag= Ly L5 0 5 1, 0,0
Uq Uy usz Uy Us Ug Uy ug
A= L4000 0 s 1 0
Uq Uy us Uy Usg Ug uy ug
0 0 0 0 0 0 5 1
Ag= —+—+—+—+—+—4+ —+—

U, Ug
Step 4. After getting the fuzzified historical time series
rainfall data, table 1 gives obtained FLR

Table 1: Fuzzified Rainfall

Y ear Actual Fuzzified
Rainfall Rainfall
2000 10354 As
2001 1105.2 Ag
2002 0981.9 A,
2003 1233.6 Ag
2004 1080.5 A,
2005 1208.3 A,
2006 1161.6 Ag
2007 1179.3 Ag
2008 1118.0 A
2009 0953.7 Ay
2010 12155 A,
2011 1116.3 As
2012 1054.7 Ay
2013 1092.5 A,
2014 1045.2 A,

Step 5. The forecasted defuzzified rainfall is calculated
by using the proposed algorithms and put in the table 2
Step 6. Calculating mean square error (MSE), forecasting
error (FE) and average forecasting error (AFE) as

" ((act.val.); — (fore. val. );)?

MSE = 1
. M
|act. val — fore. val. |
FE = x 100 (2)
actual value
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2007 1179.3 1140.75 1140
sum of FE
AFE = 00 3 2008 1118 1120.00 1140
numbers of errors
2009 953.7 0960.00 1000
Table 2: Forecasted rainfall 2010 | 12155 | 1200.00 1200
Year | Actud | Forecasted | Forecasted 2011 | 11163 | 1119.00 1140
Rainfall | ranfall rainfall 2012 | 10547 | 103750 1000
Proposed Chen 2013 | 10925 | 1078.60 1000
Model Model
2014 1045.2 1040.00 1120
2000 1035.4
- - MSE _ 199.961 2196.344
2001 1105.2 1100
_ % -
2002 98L.9 - 1000 FE 10.47055 46.17992
2003 1233.6 1240.00 1240 AFE - 0.872546 3298566
2004 | 1080.5 1080.00 1080
2005 1208.3 1200.00 1120
2006 1161.6 1166.50 1140
Figure 1 showsthe year wise comparison between actual rainfall and forecasted rainfall by proposed and
Chen’s model
100
. - —— Actual
1250
s ‘ Py Rainfall
1200 = :II \
- 1150 —— |
= | L ' i ]
E 1100 h i lli '\‘ “ —l-Forecaste
I 1050 \ __|II \ _l %ﬁ d rainfall
T )" \ ’ Proposed
Ta00 L o
 § H fodel
G50
Forecaste
900 d rainfall
=] — L] [ial = L (=] = [ee] L] =] — (o] [La] =T
2 o o 2 o oo o 2 o o d A o o Chen
P e e e Model
YEAR
Figure 1: Forecasted and Actual Rainfall
V. CONCLUSION REFERENCES

In this paper a new method to predict monsoon rainfal in
India is proposed. Rainfal prediction is done by taking
values of two differences of the interval corresponding to
the fuzzified forecasted value. The proposed method shows
significant reduction in the errors of predicted values. Also
in the present study the computational procedure is much
easier than complicated min-max operation. The robustness
of the proposed model is tested on real rainfall data and
accuracy of the presented model is verified by comparing
the results with Chen’s model. The results show betterment
in the forecasted val ues over the compared model.
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