Meta-heuristic ant colony optimization technique to
forecast the amount of summer monsoon rainfall: |
skill comparison with Markov chain model




Introduction

Indian summer monsoon is a key component of the climate system,

both in regards to its strong interaction with other modes of variability

and its enormous socioeconomic impacts

Forecasting summer
monsoon rainfall with
precision becomes crucial

for the farmers to plan for

harvesting in a country like

India where the national
economy is mostly based on

ional a




Objectives

In the present study the Ant Colony |
- Optimization (ACO) technique is
' forecastmg the amount of




Data

The record and data of summer monsoon rainfall are

- collected from regional meteorological centre (RMC),




Methodology

* Ant Colony Optimization




Ant Colony Optimization

O technique takes inspiration from the foragi
naviour of ant speci




What the pheromone is!!

In real life, pheromone refers to the chemical
- material that an ant spreads over the path it goes




Naturally Observed Ant Behavior '




Naturally Observed Ant Behavior |




Naturally Observed Ant Behavior |




Naturally Observed Ant Behavior




The short bridge receives , therefore, pheromone earlier than the long one and this
fact increases the probability that further ants select it rather than the long one




Ant Colony Optimization

It has been established from the double - bridge experiment (Deneubourg et al.) that the
concentration of pheromone deposition is inversely proportional to the path length between the
nest and the food-source, which is mathematically represented as:




Markov Chain Model

The simplest kind of discrete random variable pertaining to dichotomous
(yes / no) forecast is made through the Markov chain model (MCM). A
two state MCM is a statistical model for the persistence of binary events.
‘The occurrence or non occurrence of summer monsoon rainfall on a give
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Figure 1 Two states, first order Markov Chain Model




Implementation

Ranges of monsoon
rainfall over Kolkata
using statistical method

4

Different Ranges of monsoon
rainfall using ACO technique in
terms of pheromone deposition

Rainfall days — Ranges of rainfall
With rainfall amount as per IMD norm

Estimation of critical value and ant
hill value for each of the ranges

The pheromone deposition for the
path has been calculated




A range of values of pheromone
deposition is obtained applying
optimization procedure

4

Transition probability of frequency of
rainfall for successive two days (Day 1
and Day 2) using ACO and MCM

Identification of most pertinent
combination of monsoon rainfall for
successive 2 days (Day 1 and Day 2)

using histogram plot

\

Validation with observation and error
calculation for skill assessment forecast




Ranges of the amount of monsoon rainfall as per IMD norm

Range Descriptive Term used Rainfall amount in mm

minimum maximum

No rain 0 0

Very light rain 0.1 2.4

73

>244.5

ar the highest recorded
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Figure 2 Blot plot showing the different ranges of monsoon rainfall
amount over Kolkata using statistical method
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Figure 3 Box plot showing the different ranges of monsoonal rainfall amount in
terms of pheromone deposition over Kolkata using ant colony optimization

technique
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Figure 4 The maximum pheromone deposition along with the rainfall
occurrences with different ranges of monsoon rainfall over Kolkata




bability of occurrence




/%%

i

/
/ // /}Zf{!{/!///////;

R6 R7
Day 2

//

//

of rainfall in (a) Day 1 and (b)

/
_

o 9O O O O o 9O O O O ' S for tor Lo
X BT 9S8 ¥ a8 oS ® 33 F S
& & 8a 8 & & T = =2

Results

/ //é s LU
R6 R7

//%
7/////////////////////m
. E

The diagram showing the maximum occurrences
Day 2 in histogram plot

o O O O O o O O O O ‘e o to Lot
X 8 T O S8 8 T eSS ® 3 F S
SRS RS S




Results

*Combination 1: R4, R4

Combination 2: R4, R2

*Combination 3: R2, R4

Combination 4: R2, R2

Maximum occurrences of rainfall with different combinations using range 4 and
range 2 throughout the summer monsoon season over Kolkata




Validation
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Validation

\

Figure The diagram validating the most dominating combination of amount of rainfall for
consecutive two days (R4, R4) from 2008 to 2015 throughout the monsoon season (JJAS)




Validation

Forecast error

2008 2010 2013

Different error matrices in predicting the maximum occurrences of the most
dominating combination of rainfall amount (R4,R4) of monsoon rainfall over Kolkata §
during 2008 to 2015

2014

2015




Comparison of present study with other existing
models/ methods

Error

Markov Chain Model (MCM)
Little et al. (2009)

MAE -1.9

tochastic model (SM) forecast
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*The most dominant combination is P (1, 1).

*The most significant combination of rainfall over Kolkata during summer
monsoon is evaluated

*Maximum occurrences of rainfall are found to be within the categories
(R4, R4).

*The pheromone concentration on the other hand remains within the range

of 0.42 —0.58 indicating the maximum amount of pheromone deposition.

* ACO technique, therefore, may be used as an operational model for
forecasting the frequency of rainfall as well as its ranges over Kolkata
during the summer monsoon season.







