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Abstract: Present paper delves the impact of natural hazards upon outbreak of epidemics in India. A statistical
methodology is adopted to correlate the occurrence of natural hazards with the outbreak of epidemic. The
experimentation setup consists of correlation and regression analysis and random walk approach. After a rigorous
study, flood is identified as the most responsible natural hazard for the outbreak of epidemic.
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Introduction

Many of the Asian and Pacific developing countries are
situated in the world’s hazard belts and are subject to
floods, droughts, cyclones, earthquakes, windstorms,
tidal waves, land slides, etc. Since the International
Decade for Natural Disaster Reduction began in 1990,
the total number of deaths due to natural disasters in the
region has exceeded 200,000 and the estimated damage
to property over this period has been estimated at US$
100 billion. Vulnerability to disasters has increased due
to the increased aggregation of people in urban centres,
environmental degradation, and a lack of planning and
preparedness. Purpose of the present paper is a bit
different with an aroma of newness. This study considers
earthquake, drought, and flood as three important natural
hazards of India. Their importance in creation of an
epidemic is measured through statistical exploration of
the data archive of the said hazards along with the
application of the concept of fractal dimension and
random walk for the period of 1975 to 2001. The said
hazards have significant impact upon the human society.
Firstly, such severe natural events lead to enormous loss
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of lives and property. Secondly, these hazards lead to
immense water, soil, and air pollution. As a consequence,
in various cases, the affected zone experiences an
outbreak of epidemic. The present paper delves the
relation between outbreak of epidemic and occurrence
of natural hazards through statistical procedure.

Methodology

Methodology adopted in this study comprises the
following:

e Identification of the pair of events having maximum
correlation.

e Preparation of a regressive model for the previously
identified pair.

¢ Introduction of the concept of random walk to see the
inherent patterns of the datasets and to give a
qualitative support to the previously achieved results.

Pearson Correlation

One very important application of statistical ideas in the
study of natural disasters is in making sense of a new set
of data. In most of the cases, the data are paired. The
nearly universal format for graphically displaying paired
data is scatter plot or x-y plot. Geometrically, a scatterplot
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is simply a collection of points in the plane, whose two
Cartesian co-ordinates are the values of each member of
the data pair. Often an abbreviated, single-valued measure
of association between two variables, say, x and y, is
needed. In such situations, the data analysts almost
automatically and sometimes fairly uncritically calculate
a correlation coefficient (Wilks, 1992, 1995, 1999).
Usually, the term “correlation coefficient” is used to mean
the “Pearson product-moment coefficient of linear
correlation” between two variables x and y. One way to
view the Pearson correlation is as the ratio of the sample
covariance of the two variables to the product of the two
standard deviations:
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where the primes denote the anomalies or subtraction of
the mean values from the original values. The correlation
coefficients lie between ()1 and (+)1, i.e., -1 <p, < 1.

Regression Model
Regression is most easily understood in the case of
“simple” linear regression, which describes the linear
relationship between two variables, say x and y.
Conventionally, the symbol x is used as predictor and y
is used as predictand. The predictor variable is the
independent variable and the predictand variable is
dependent variable. Very often, more predictor variables
are required in practical forecast problems, but the ideas
for simple linear regression generalize easily to this more
complex case of multiple linear regression.

Fitting a regression equation to a data pair (x;, ;) means
to find a straight line

Y =a+bx (2)
The constants a and b are to be found out in such a
way that the vertical distances between the line and the

data points is minimized. The regression constants found
these ways are

Gy
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where p,., = Pearson correlation coefficient, 6, = Standard
deviation of x and o, Standard deviation of y.

Random Walk Approach
The random walk concept is based upon the motion of a
particle upon a lattice. At every moment the particle can

move to any other point up or down with a probability
0.5. Recording the coordinate of a point as a function of
time, that is, x (¢), we can get a realization of the random
walk process. Since all steps are independent, we can
calculate the probability P (x, £) that the system can be
found at a distance x at time ¢. In the continuum
approximation, we obtain a Gaussian distribution
(Barabasi and Stanley, 1995; Bauchaud, 1990)
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Discussion
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The correlation coefficients for the pairs of disasters
mentioned earlier are computed using equation (1) and
are made schematically discernible in Figure 1. The figure
exhibits that the correlation coefficient attains its
maximum for the pair (yearly frequency of flood and
yearly frequency of epidemic). The scatterplots
corresponding to each pair are displayed in Figures 2 to
4. The following results are apparent from the figures:

e Figure 1 illustrates that yearly frequency of epidemic
has the highest linear association with the yearly
frequency of occurrence of flood.

e Figure 2 shows that yearly frequency of occurrence
of flood and yearly frequency of epidemic maintains
a significant degree of linearity. The trend line shows
that the data pairs are almost in the same pattern of
that of trend line. Thus, there is evidence in support of
linear association between occurrence of flood and
epidemics. Thus, impact of flood upon the occurrence
of epidemic is quite significant.

Since the previous discussion revealed that yearly
frequency of epidemic is mostly influenced by the
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Figure 1: Schematic showing the Pearson correlation
coefficients between outbreak of epidemic
and occurrence of natural hazards.
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yearly frequency of epidemic

yearly frequency of flood

Figure 2: Schematic showing the scatter plot for the
yearly frequency of flood and epidemic.

occurrence of flood, a predictive equation for epidemic
outbreak is developed using flood as predictor. Equations
(2), (3) and (4) are implemented to fit a regression
equation to the (flood, epidemic) data points using the
yearly frequencies of flood as predictor and the
frequencies of epidemic as predictand variable.

In this study:

0,=2.13,0,=1.88,p,,=0.34,6=0.30,a=0.72
Thus, the regression equation with flood as predictor
and epidemic as predictand will be § =0.72 + 0.30x.
The goodness of fit of this linear equation through the
method of hypothesis testing is then examined
(Chaudhuri et al., 2001).
In the present problem, the null hypothesis is framed
as follows:
H,: The line is a good fit.
Alternative hypothesis is
H,: The line is not a good fit.
Under the supposition of the truthness of the null
hypothesis, a chi-square statistic (Wilks, 1995) is framed
as follows:

2 (observed frequency — expected frequency)?
=
expected frequency
With 26 degrees of freedom

The computed value of Chi-square is found to be 40.605.
Tabular value of Chi-square is found to be 45.642 with
26 degrees of freedom at 1% level of significance. Thus
the null hypothesis is accepted. The result is displayed
schematically in Figure 3 and 4. Figure 4 shows the actual
and predicted yearly frequencies of epidemic. It is
apparent from the figure that the actual frequencies of
epidemic and predicted values on the basis of flood as
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Figure 3: Schematic showing the computed and
tabular values of Chi-square at 1% level of
significance with 26 degrees of freedom to find the
goodness of fit of regression equation with flood as
predictor and epidemic as predictand.
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Figure 4: Schematic showing the observed yearly
frequency of epidemic and expected frequency on the
basis of regression equation with flood as predictor.

predictor are almost of the same pattern. This gives a
qualitative support to the goodness of fit of the regression.
Applying the concept of random walk, the probabilities
are computed using equation (5). The probabilities are
pictorially displayed in Figure 5.
Figure 5 depicts the following:

e Roughness curves pertaining to drought and
earthquake are significantly smooth.

e Roughness curves pertaining to flood and epidemic
are significantly rough.

e Roughness curves pertaining to flood and epidemic
are highly similar with respect to roughness.

Thus, the study through the concept of random walk
reveals that outbreak of epidemics is highly possible due
to the occurrence of flood. Earthquake and drought are
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Figure 5: Schematic showing the roughness pertaining to
yearly frequencies pertaining to different natural hazards
obtained through the Gaussian approximation.

not so significant for the occurrence of epidemics.
Moreover, it can further be concluded that predictive
model for flood is more important than that of drought
and earthquake to reduce the impact of epidemic.

Conclusion

The thorough statistical study leads us to conclude that
among different natural hazards, flood is the highest

degree of responsibility in resulting an outbreak of
epidemic. Thus, a proper prediction model for flood is
an absolute necessity in order to save human lives from
epidemical death.
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