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ABSTRACT This study attempts to create a predictive model which could act as an early warning for the catastrophic effect of 
a cyclone when it is 300km away from the coast line.  This study is based on selected 15 cyclones which had impact 

in India. The predictive model utilizes mainly three parts of information to predict the life loss of a cyclone, namely Cyclone characteristics 
,Weather characteristics and Population characteristics of the geographical area under threat.

1. Introduction
In this study we attempt to build a predictive model based on 
the historical life loss that has occurred due to 15major cyclones 
that had affected India. The idea is to use this model to predict 
the impact of a future cyclone when it is 300km away from the 
coast line which would give adequate time for the Government 
to deploy additional forces to reduce life loss.

In this study the explanatory variables for the random forest 
can be broadly divided into three categories namely 1.Cyclone 
characteristics, 2.Weather characteristics and 3.Population char-
acteristics .The following is the list of variables under the three 
broad categories.

a. Cyclone Characteristics:	
Cyclone Intensity at 300km,Estimated Pressure of the cyclone at 
300km, Surface Wind at 300km from coast line, Pressure Drop 
observed at 300km from coast line, Rate of change of Cyclone In-
tensity,	 Rate of change of Estimated Pressure, Rate of change 
of Surface wind, Rate of change of Pressure drop, Risk category 
provided by meteorological department.

b. Weather Characteristics: 
Rainfall, Post Monsoon/Pre monsoon Indicator, Day/Night Indi-
cator

c.Population characteristics: 
Population GDP, Population, Population per sq/km

The response variable or the dependent variable here is coded as 
High risk or Low risk based on the historically observed number 
of life loss due to cyclones.

2.Response variable and randomforest
The distribution of life loss is studied for the 15 Cyclones in the 
study and the cyclones are classified as high risk or low risk  us-
ing median life loss as the cut value as shown in Figure1.

Figure 1

The problem reduces to a binary classification problem with 15 
predictors.

Since the number of predictors are equal to the number of in-
stances the classical general linear classification model would 
result in high standard error are hence we have opted for a 
bootstrap based predictive model namely random forest which 
is basically works on the principle of developing weak classifiers 
based on randomly selected instances and predictors.The idea 
behind random forest is that “Combination of weak classifiers 
becomes a strong classifier”. Thus random forest is a suitable 
classification model in this scenario.

3. Rate of change measurement model
The rate of change of cyclone characteristic with respect to time 
is measured from the data obtained from the formation of the 
cyclone till the point when the cyclone is 300km away from the 
coast line. The rate of change is obtained using a linear regres-
sion model through the slope coefficient of the model and it is 
obtained for each cyclone and used as predictor variables. The 
rate of change measures the change in intensity of the cyclone 
characteristic per unit time. 

4. RANDOM FOREST MODEL
The optimal input parameters for the random forest model is se-
lected as mtry=5 and ntree =50. 
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Total of 50 trees were constructed by taking five predictors at 
random in each iteration. A sample output of 10 trees with split 
variables and split values are is given in Table 1. 

Table 1: Partial Tree Information

Tree Number Split Variable Split Value

Tree 7 Rainfall 376.5

Tree 13 Estimated Pressure 994

Tree 20 Pressure Drop 6.5

Tree 28 Rate of change of 
Pressure drop 0.4255

Tree 32 Density 521.25

Tree 40 Rate of change of 
surface wind 1.447

Tree 42 Rainfall 145.1

Tree 43 Rate of Change of 
Estimated Pressure -1.4225

Tree 46 Density 521.25

Tree 49 GDP 15.71

5. Relative variable importance
Variable importance in predicting the catastrophic level of cy-
clone is described in the form of relative variable importance in 
Figure 2.

Figure 2

From the Relative variable importance chart we can observe 
that the Population characteristics are most important in pre-
dicting the catastrophic impact of the cyclone followed by Cy-
clone characteristics and Weather characteristics.

6. Model performance

The Area Under the Curve is  0.7857

Performance of Model is observed by the method of leave one 
out model validation. In leave one out model validation Step i: 
The ith observation is left out and the remaining 14 observations 
are used to predict the left out observation. In this similar fash-
ion each of the 15 cyclone is predicted as high risk or low risk. 
The reason for using leave one out validation is that The classi-
fication table based on the leave one out method is given in Ta-
ble2. 

Table 2: Classification Table based on Leave one out predic-
tion

Classification table
Observed outcome

High Risk Low Risk

Predicted
Outcome

High Risk 5 (71%) 2 (25%)

Low Risk 2 (29%) 6 (75%)
 
Sensitivity = 71%, Specificity=75%

7. Conclusion
The leave one out model performance indicates that the model 
can be used to predict the risk category of a future cyclone when 
it is 300 km away from the coast line with 71% accuracy of a pre-
dicted high risk and 75% accuracy on a predicted low risk.
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