Rainfall Prediction based on Rainfall Statistical Data
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Abstract: The paper describes the development of a system to provide information on rainfall characteristics of rainfall and its prediction from
the historical data sets, and selection of crops based on the forecast on taluka basis, with a case study of Bijapur district of Karnataka State,
India. The analysis of rainfall viz. month wise, Nakshatra-wise, week-wise and year-wise is carried out. The developed system, evolved from the
analysis of 20 years’ rainfall data collected from the Agricultural Research Station, Bijapur is very useful to agrometeorologists. The
performance of the prediction system is encouraging and the accuracy of the prediction varies between 80% and 90%.
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INTRODUCTION 1.0 THE PROPOSED SYSTEM
Rainfall is the most important climate variable that The proposed system is divided into five modules,
affects the crops in the tropical rain fed regions. People namely: Administrator Module, Rainfall data entry Module,
wish to know whether there would be rainfall in the coming Predictor Module, Comparator Module and Crop Selection
months or year. To fulfill this requirement, one needs a Module (Figure 2).
forecast, well ahead of the commencement of the crop
season. Such rainfall forecasts can be used both by the
farmers and the Government in planning for the ensuing Rainfall
year. This work is an attempt to analyze the available data Comparator data Entry
for development of a system for rainfall forecast and crop Module Module
selection, from taluka level to state level. This work thus
introduces a novel concept called region bound model for
Rainfall prediction.
Rainfall is known to follow set patterns that can be
explained by statistical and mathematical procedures like Administrator
trend, periodicity and serial correlation. Hence it would be Module
possible to develop appropriate models for long range
forecast of rainfall. However, rainfall patterns vary within a
country and within a state, in view of its high variability
both temporally and spatially. We are aware, that the long Crop .
range forecasts issued by the India Meteorological selection Predictor
Department need considerable downscaling for appropriate Module Module
agricultural applications. On the other hand models using
the historical rainfall patterns in individual sub-regions like
taluka or district can be up-scaled up to a larger area like a
state or a country. This proposed model uses local Figure 2: Functional Diagram of the proposed system
speculation to global speculation approach (this, we call
incremental approach). The forecast of rainfall for 2.1 Administrator Module
individual talukas of a particular district will help in guiding
the district countrv This module provides the security for the data and deals
with the granting of permission and revoking of users, and
stite therefore is the vital part of the system. The admi_nistrator
- < mc_>d_u|e takes care of user accounts, facilitates updating da_lta,
= 1 £ editions to crop lists, the cities and the addresses. Granting
z Ditrict > permissions to users involves the user name and the
2 Taluka ki password information, which are supplied by the system
k] T £ administrator. Modifying of account is also done by the
a v Village a system administrator.

Figure 1: Incremental Model
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2.2 Rainfall Entry Module

The Rainfall data entries are divided into four different
categories, namely, Monthly Rainfall, Nakshatra Rainfall,
Weekly rainfall and Daily Rainfall. The entries can be made
as per data availability; if daily data are entered, the data for
other periods will be computed as required. Interactions in
this module are given in Figure 3.
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Figure 3: Rainfall data Entry Module
2.3 Predictor Module

This module uses the algorithms for the processes
involving trend, serial correlation, harmonic components
and autoregression analysis as mentioned earlier — with
appropriate reference to Aggarwal (1992), to forecast
monthly, Nakshatra-period and weekly rainfall. The
database of the particular month or Nakshatra is accessed,
and the data are converted into vectors. The prediction is
done by using these vectors, which are input to the
algorithms. These vectors are stored into a temporary
database to generate reports such as graphs, charts etc. The
details of the predictor module are given in Figure 4 and
detailed process is given in Algorithm 1.
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Figure 4: Predictor Module

2.4 Comparator Module

The comparator module uses the rainfall forecast and
compares with the actual rainfall in a given year, i.e. year to
year, month to month, week to week and Nakshatra to
Nakshatra, as required by the user.

a) Year_to_year

This comparison takes two parameters as inputs namely,
from-year and to-year. It calculates the sum of all the
months’ rainfall data from-year to to-year using monthly
database. Finally, the average of this sum is calculated. This
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may be termed as mean annual rainfall, or the normal.
Comparison of the annual rainfall of a selected year is made
with the normal. The result is stored and displayed as per the
user’s requirement, as a report or graph.

b) months to months

In this method of prediction, three parameters are used
namely, from-year, to- year and month. It extracts the data
from the monthly rainfall database for a specified month to
calculate the normal for the month. Comparison of rainfall
in the month of any year is done with the normal.

¢) week to week

In this method, weekly analysis is done in place of the
monthly, mentioned above. Weekly normals are calculated
and data of any year is compared with it.

d) Nakshatra to Nakshatra

In this comparison, three parameters are supplied they
are from-year, to- year and the Nakshatra. This is similar to
the above two, except that the procedure is for Nakshatra
period. Comparison of rainfall is done for that particular
Nakshatra period with the normal for the same Nakshatra
period computed from the database.

e) Actual vs. Forecast

The data of estimated/forecast of rainfall and actual
rainfall are extracted form the database for a given year and
comparison is made. The various types of reports are
generated such as Graph, charts etc. The aforesaid activities
are depicted in Figure 5 and detailed process is depicted in
Algorithm 2.
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Figure 5: Comparator Module

3.0 THE ALGORITHMS

The modules are presented as different algorithms in this
section. The functionality of the modules and the important
operations are brought out.

Algorithm 1: Rainfall prediction

Inputs: Rainfall data.

Output: Forecasted Rainfall

Start

Step 1: Accept rainfall data from the rainfall database

Step 2: Calculate average rainfall from the rainfall data


http://www.ijritcc.org/

Step 3: Repeat Steps (3.1 to 3.4) for requested periods
Step3.1: Estimate rainfall using Linear trend
Step3.2: If (Estimated rainfall > (Average rainfall + 10%
Average rainfall))
then
Rainfall status = Above Normal
Step3.3: If (Estimated rainfall <(Average rainfall - 10%
Average rainfall))
then
Rainfall status = Below Normal
Step3.4: If (Estimated rainfall lies between above and
below normal limit)
then
Rainfall status = Normal
Step 4: Display the Rainfall status.
Stop
a) Algorithm 1: Monthly Rainfall Prediction
The monthly rainfall prediction algorithm forecasts the
monthly rainfall, by the history of monthly rainfall data
from the rainfall database. It forecasts monthly rainfall of
the given year and also the subsequent years.

Box 1: Monthy Rainfall Prediction for the Year 2004

" Prediction for currem year

Mcuihly Faumniall PrediDon Ece Cuz=c

Month Ramfdl stabss  Mormal Focecasted
January Normasl 468 16
February Normad o9 41

March Normal 618 460

Apnl Notmad 077 | B77
May  AbovelMormal 5259 @ 6324
Jue  BelowlNomal 11277 | 8262
Tudy Nommad 7427 7356

Anguit  AboveNormal B345 10672

Ssptember Belowliormal 15186 71.8%
October AboveNormal 13123 24006
November  Norma 223 | 123

s L ¥ STeY o " an ¥

[ Pist | [ Greph | [ Close |

Box 2: Monthly Rainfall Prediction for the Year 2004

Prodictor Graph
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b) Nakshatra Rainfall Prediction

The Nakshatra rainfall prediction involves history of
Nakshatra rainfall and forecasts rainfall of the present year
and also next year.

Box 3: Nakshatra Based Prediction for the Year 2004
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“ Prediction for currem year rkl

Nakshatra Nakshatra Peniodd  Ramfal stats Normal  Forecasted

Uttrashadha 3an 10 to jan 22 Normal 364 461
Shraviana jan 23 1o feb 4 M 00 00
Dhueushiha feb 510 feb 18 Ni 0 00
Shathablusha b 19 1o mar 3 Ni ) 00
Pocgvabhadra  mar 4 to mar 16 Normal 508 394

Uttrathadra  mar 17 to mie 30 Notmal 1.56 214
Revatiy mar 31 to apr 12 Narmal 632 120
Ashwani apr 13 to apr 26 HNotmal 10.25 1421
Bhinrars apr 27to may 10 AboweNormal 1528 31.15
Enitika may 11 to may 23 Normal 19.66 1151

Rohm may 24 to jun 6 Nermal 5818 | 5159
Mrgaskra  qun7togun20 Mormal 5614 | 6230
Asndra jun 21 ta il 4 Normal | 3514 | 3383
Purevaru 510 ul 18 Normal 4374 4158
< >

| _eim | | Groph | | Close |
Box 4: Nakshatra Based Prediction for the Year 2004
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¢) Weekly Rainfall Prediction

The weekly rainfall prediction section forecasts the
future weekly rainfall. By extracting historical weekly
rainfall data from the database, it forecasts weekly rainfall
of the present year and next year.

Box 5: Weekly Rainfall Prediction for the Year 2004

* Prediction for current year [sa
Week Penode Ramdillstarue  Normal Forecased 3
Jun 1t0Jan7 Normal 0.9% 29
Jan 8 to Jam 14 Normal 067 146

Jan 15t Jan 21 Marmal 3.525 10
Jan 22 v Jan 23 Marmal 0 a0
Jan 2310 Feb 4 HNarmal 0 0o
Feb 5to Feb 11 Marmal 0 00
Feb 110 Feb 18 HNormal 0 0o
Feb 1950 Feb 25 HNarmal 0 0o
Feb 26 to M 4 HNormal 101 211
Mar 510 Mar 11 Narmal 161 amn
Mar 1200 Mir 18 Hatmal 246 33
Mar 19 10 Mar 25 Nonmal 05 14
Mar 26 10 Apr 1 Normal 1.8t 141
Apr2t Ape B Nonmal 3495 301
Apr 9to Apr 15 Narmal 6.06 1451

[ erint | [ Groph | [ cClose |
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Box 6: Weekly Rainfall Prediction for the Year 2004

Graphical View
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d) Seasonal Rainfall Prediction

The seasonal rainfall predicts future seasonal rainfall. By
the history of monthly rainfall data, it forecasts seasonal
rainfall of the present year and also next year. One can
specify the group of months as a season to the system.

Box 7: Seasonal Rainfall Prediction

" Rainfall Predictor Seasonal Predictions X
SEASONAL PREDICTION
v JaNUsRY ™ May I~ SEPTEMBER
v FEBRUARY [ JUNE [~ OCTOBER
¥V MARCH I~y [~ NOVEMBER
N I AUGUST [ DECEMBER
[ o= | | ganeet | [ Bock
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Box 8: Seasonal Rainfall Prediction for the Year 2004

* Prediction for current year DU

Searonal Raefall Predichon for canmvent year

Mooth  Rarfall statue Mormal Forecasted
Jamssey  Nommal | 468 16
Febouary  Nommal 09 41
March Nommal | 618 | 4560
Agal Nomal (2077 | 2877

Sezzonal Racfall for the selected seaszon

Ranfall statzs Nomal  Forecasted
Normal 3173 3™

[ Print | | Graph | | Close |

Algorithm 2: Rainfall Comparison

Input: Rainfall database

Output: Rainfall comparison

Start

Step 1: Accept the period for which data to be compared.

Step 2: Get rainfall data from the relevant database for a

specified period.

Step 3: Compare the rainfall status for a given period.

Step 4: Display rainfall status as a report.

Stop

e) Yearly Rainfall comparison

The yearly rainfall is used for the analysis of annual
rainfall. By the history of monthly rainfall data annual
rainfall is calculated.

Box 9: Comparison of Actual Rainfall Prediction
from the 2001 to 2002

= x|

COMPARISION OF ACTUAL RAINFALL FORM THE YEAR 2001 TO

Actd With L
Yeoars Rainfal Previ Raeifall Satue Nortrsl
2001 57800 -  BelowNormal 23949
2002 588.00 Inceease BelowNommal 239.49

|Etim] [ﬁvanﬁllgnsol
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Box 10: Comparison of Actual Rainfall from 2001 to

2002
(" predicto Geaph |
Graghical Wiew
530
538
£
28 :
- —i— AU
L.
=0 — :
14'-:1!'..--
i
20 b
gove | [ pim | [ clese |

f) Monthly Rainfall comparison

The monthly rainfall comparison section gives
comparative analysis of month wise rainfall. By extracting
historical monthly rainfall data from the database
comparison is done.

Box 11: Comparison of Actual Rainfall with Normal
for the Month of June

Yeur Actual With Previous  Rainfall Status  Normal
11995 | 58 | - | BelowNormal | 112.77
11996 | 126 | Increase | AboveNormal | 112.77
11997 | 122 | Decrease |  Normal | 112.77
11998 | 115 | Decrease |  Normal | 112.77
11999 | 94 | Decrease | BelowNormal | 112.77
12000 | 161 | Increase | AboveNormal | 112.77
12001 | 4 | Decrease | BelowNormal | 112.77

Box 12: Graphical Presentation Actual Rainfall for June
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g) Nakshatra Rainfall comparison

The Nakshatra based rainfall gives comparative analysis
of the Rain. By history of Nakshatra rainfall data is stored
for the database.
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Box 13: Comparison of Actual Rainfall for the
Nakshatra “Punarvasu” with Previous Year

w2 Report &

'OMPARISION OF ACTUAL RAINFALL FOE THE NARKSHAT

Wih
Premous

192% 1012 - AbovelNormal 43 745
2000 438 Decrease Normal 43745

Year Actual Ramfal Status Normal

Cem | [(ooer | [ gose |
Box 14: Graphical Comparison of Actual Rainfall
with Previous Year for the Nakshatra “Punarvasu”
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Algorithm 3: Actual v/s Forecast Rainfall Comparison

Input: Monthly Rainfall data

Output: Forecast Vs Actual Rainfall Comparison

Start

Step 1: Get monthly rainfall data available

Step 2: Calculate Average Rainfall for all the months in
a year

Step 3: Accept the year from user

Step 4: Calculate Average Rainfall of the given month

Step 5: Calculate estimated Rainfall for 12 months

Step 6: Display Monthly Rainfall data, Average Rainfall
data and Estimated Rainfall

Stop

h) Forecast vs Actual Rainfall Comparison

The forecast vs actual rainfall comparison section gives
comparative analysis forecasted rainfall and actual rainfall.
By extracting historical monthly rainfall data from the
database comparison is done.

Box 15: Forecasted Vs Actual Rainfall for the Year 2002
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FORECASTED vs ACTUAL RAINFALL FOR THE YEAR 2002 A

Month  Ranfak states  Normal Forecasted Actual
Jatwary Nl 448 00 0o
February M 0y 33 200
March  Belowliormal 618 267 3.00
Apnd Wormal 2077 2136 3600
May Normal 5259 5183 4000
June  BelowNormal 11277 %577 7800
Tuly  AboveNormal 7427 B260 11500
Angust  AboveNoomal 8845 5930 4000
September Nommal 15186 1409% 5200
October Abovelformal 13123 17690 180,00
November BelowNormal 2223 1734 200

[ eant | | Goph | | close |

Box 16: Graphical comparison of Forecast and
Actual Rainfall for the Year 2002
* Prodictor Chart 3
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3.0. CONCLUSION

A methodology for analyzing the historical rainfall data
of monthly and Nakshatra periods is developed for their
long range forecast one season ahead. This system is useful
for not only for forecasting, but also for analytical
comparison with the past data. Regional data is used in the
analysis, which is considered to be a novel approach for
forecast and up-scaling to state level.
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