IOP Conference Series: Materials Science and Engineering

PAPER - OPEN ACCESS

Earthquake data analysis and data visualization of Maharashtra state,
India from 1912 to 2009 using R programming

To cite this article: Vaishnavi Battul et al 2020 /OP Conf. Ser.: Mater. Sci. Eng. 989 012029

View the article online for updates and enhancements.

\B) 240th ECS Meeting

Oct10-14, 2021, Orlando, Florida

Register early and save
up to 20% on registration costs

Early registration deadiine Sep 13
REGISTER NOW

This content was downloaded from IP address 106.195.40.208 on 06/08/2021 at 06:44



ERTSE 2020 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 989 (2020) 012029 doi:10.1088/1757-899X/989/1/012029

Earthquake data analysis and data visualization of
Maharashtra state, India from 1912 to 2009 using R
programming

Vaishnavi Battul'® Helen Santhi M' and Malathi G*

'School of Civil Engineering, Vellore Institute of Technology, Chennai,
TamilNadu, India
*School of Computer Science and Engineering, Vellore Institute of
Technology ,Chennai, Tamil Nadu, India

*Email: vaishnavi.2019@pvitstudent.ac.in

Abstract. This paper presents the seismic data analysis and visualization using R programming
for the state of Maharashtra, India. Maharashtra has witnessed a significant number of
earthquakes ranging from low to high in magnitude. The past earthquake data of a particular
location are useful to the civil and structural engineers for the safe and efficient planning,
designing and construction of seismic resistant buildings in that locality. In this paper the past
earthquake data of Maharashtra from the year 1912 to 2009 are collected and analyzed.
There are 53 earthquake data with magnitudes ranging from 3.6 to 7.2. This analysis shows the
relationship between magnitude and depth, intensity and PGA, visualization of classification of
earthquakes depends on magnitude and intensity.

1. Introduction

Data analysis and data visualization are being used in almost all fields of science, engineering and

business. In order to understand and make conclusions on any project, interpretation of data is the key
function which majorly depends on how efficiently the data analysis and visualization are carried out.
Many researchers have started analyzing earthquake data worldwide [1, 4, 5] and contributing towards
the design of seismic resistant infrastructure. Earthquake is one of the major disasters threatening the
world and the assessment of risk involved is to be evaluated to protect the life of people and their
possessions. In India, most of the parts are vulnerable to earthquake and the loss of life and damages to
the infrastructure are huge in some of the past earthquakes. The ill effects of earthquakes can be
minimized by understanding the characteristics of earthquakes using the past seismic history of any
particular region in the country. The seismic data available can be analysed [7, 9, 10] visualized [2, 3,

6, 8] and interpreted to protect the life and to reduce the damages to the infrastructure from future

earthquakes using sophisticated computer tools. In this paper, data analysis and data visualization of

earthquake data between 1912 and 2009 in Maharashtra State, India is carried out using R software.

The graphical representation of the earthquake data in the study area gives better understanding of the

site specific characteristics of the past earthquakes.

2. Data analysis and data visualization with ggplot using R
Following are the packages and libraries that are loaded to attain useful outputs related to seismic
activity in Maharastra.

install.packages("dplyr")
install.packages("ggmap")
install.packages("ggplot2")
library(dplyr) library(ggmap)
library(ggplot2)
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2.1 Maharashtra earthquake dataset
The past earthquake data of Maharashtra State are collected from the year 1912 to 2009 and the
following steps are followed to read and view the data (Figure 1).

Input:

maha <- read.csv(“maha.csv", stringsAsFactors = FALSE)
summary() function
Input: summary(maha)

-
@ K/EDA/] Component - RStudio =B8] % |
O - xR 2 H B2 A Go to file/function ~ Addins ~ %] j Compenent ~
Q] ggplot2R* =] Environment  History  Connections p |

= SourceonSave | Q S~ *Run | % | _ Source ~ = | | 57 Import Dataset ~ ¥ List -

= ibr ary{dp1yrg “ 1k Global Environment ~

2 library(ggmap)

3 library(ggplot2) bata

4 maha <- read.csv("maha.csv", stringsAsFactors = FALSE) 2 maha 53 obs. of 6 variables

(55 El_"!"_':ef‘_ygr_n\aha) Y ©@maha_sca. 4 obs. of 2 variables

P
14 (Top Level) & R Script &

Console  Terminal Jobs =]

K/EDA/J Compone!

nt/ Files Plots Packages Help Viewer =]

> maha <- read.csv("maha.csv", stringsAsfFactors f FALSE) Qi New Folder | © | Detete: (%] Rename {;}More.

> maha <- read.csv("maha.csv", stringsAsFactors FALSE)
> summary(maha) K: > EDA > JCompenent R
Date Latitude Longitude A Name Size
Length:53 Min. :19.62 Min. :72.73 S
Class :character 1st Qu.:19.76 15t Qu.:74.46 5
Mode :character Median :19.87 Median :78.53 B RData 36KB
Mean :19.85 Mean :82.80 S
3rd Qu.:19.96 3rd Qu.:94.03 5 Rhistory 1oKe
Max. :20.00 Max. :99.83 "} Bl JComponentRproj 218 B
Intensity Depth Mag o , )
min.  :1.000 Min. :10.00 Min.  :3.600 ggplot2R 619 8
1st Qu.:2.000 1st Qu.:10.00 1st Qu.:4.400 rralcsy 17 KB
Median :3.000 Median :27.71 Median :4.700
Mean $3.283 Mean :23.10 Mean 14,964
3rd Qu. :4.000 3rd Qu. :30.62 3rd Qu.:5.400
Max. :5.000 Max. :49.34 Max. :7.200

Figure 1. Data downloaded ready to read and view.

head() function
* Input:
head(maha)

It displays the data in Tabular form with headings to the columns
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() K/EDA/) Component - RStudio S
File Edit Code View Plots Session Build Debug Profile Tools Help
o - X S  Go to file/function R J Comporent ~
@] ggpiotzR 9] New EDAR Environment  History = Connections P |
SourceonSave | O /v 2" I | 2 Import Dataset ~ List v $
1 Tibrary(dplyr) fobal Envi t -
2 Tibrary(ggmap) & Global Environment
3 library(ggplot2) bata
4 maha <- read.csv("maha.csv", stringsAsFactors © maha 53 obs. of 6 variables
5 summary(maha) = =
6 head(maha)| »maha_Class 5 obs. of 2 variables
7 lapply(maha, class) @ maha_scale 4 obs. of 2 variables
8 plot(mahasmag)
9 gplot(Mag, data = maha, bins 30 )
10 maha$scale[maha’Mag >= 8] <- "Great Damage"”
11 maha$scalelmahasMag >= 7
12 ~mahaiMag <= 7.9] <- "serious Damage” Files Plots Packages =
ii Tahasscﬂe;mahamaq >= 6.1 & @7 New Folder | ©  Delete @ More ~
a1 Top Level) K: » EDA > J Component ® ...
A Name Size Mc
Console  Terminal Jobs
X .
K 1“‘-;",3;.& vepun — @] RData 38KB N
min.  :1.000 Min.  :10.00 :3.600 " .
1st Qu.:2.000 1st Qu.:10.00 4.400 Rhistory 144 K8 N
Median :3.000 Median :27.71 14,700 | @] ggplot2R 41KB N¢
Mean $3.283 Mean :23.10 14,964 T —— 2188 N
3rd Qu. :4.000 3rd Qu.:30.62 5.400 7 ORISR =
Max. :5.000 Max. 149,34 :7.200 maha.csv 17 KB N
> head(maha) o e
Date Latitude Longitude Depth Mag New DRI SEKE Ne
1 5/23/1912 19.66 93.40 1 10.00 4.6
2 5/23/1912 19.90 99.83 2 10.00 4.0
3 5/23/1912 19.67 97.20 5 10.00 6.7
4 5/23/1912 19.74 96.20 5 24.99 5.3
5 5/23/1912 19.73 95.72 5 10.00 6.5
6 7/8/1918 19.80 85.83 1.10.00 3.9
>
Figure 2. Data arranged in columns.
lapply() function

+ To display the earthquake data the above outputs from the summary () and head()

functions are helpful.

*  The lapply() command is useful to see classes of data.

* Input
lapply(maha, class)

2.2 Maharashtra earthquake plot

Figure 3 depicts the plot of the magnitude of each earthquake. It is seen that the plot is scattered
because of the frequency of occurrence of earthquakes. From the plot it is recognized that most of

the earthquakes are lower scaled ones.

Input

#Plot of Magnitude of each
Earthquake plot(maha$Mag)
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) K/EDA/) Component - RStudio

Lo |

File
Qo -

Edit  Code
L =2
9 ggpiot2R © | New EDAR

| Source on Save
Tibrary(dplyr)
1ibrary(ggmap)
1ibrary(ggplot2)

summary(maha)
head (maha)

S0 MmN oL B W

plot (mahaimag)|

Top Level) ¢

o

Console  Terminal Jobs

K:/EDA/) Component/
$pate
[1] "character”

SLatitude
[1] "numeric™

SLongitude
[1] "numeric”

Sintensity
[1] "integer”

Spepth
[1] "numeric”

SMag
[1]

"numeric”

> plot(mahas$mMag)
>

View Plots Session

A Got

maha <- read.csv("maha.csv", stringsAsFactors =

lapply(maha, class)

Build Debug Profile Tools Help

~ Addins ~

o | Environment  History  Connections

Q /7 | %% # Source ~ 2 [ | 52 mport Dataset - | & List
T Global Environment ~

pata
O maha
aha_class

D maha_scale

of 6 variables
of 2 variables
of 2 variables

53 obs.
5 obs.
4 obs.

Files Plots Packages Help Viewer
=0 = =

2 zoom | Begot~ | O |

@

Rl y Component ~

=0

maha$Mag

35 45 55 65
1
o
o
(=]

Index

il

Figure 3. Earthquake magnitude plot (Scattered).

The above details can also be presented in another way of plotting as shown Figure 4

that would be easily understandable, qplot().

#qplot of Magnitude and Total Count
gplot(Mag, data = maha, bins = 50)

(D K:/EDA/) Component - RStudio

Py

Rl J component ~

File Edit Code View Plots Session Build Debug Profile Tools Help
RN T A Go to file/function ~ Addins ~
97 ggpiotzR ©] New EDAR == [71  Environment History Connections
: SourceonSave | Q /v +| %% #Source v 2 [ | 5% mport Dataset ~ | & List +
7 Tlapply(maha, class) s Global Envi it~
8 plot(mahaiMag) M R
9 gplot(mag, data = maha, bins = 30 )| bata
10 maha$scale[mahasMag >= 8] <- "Great Damage” © maha 53 obs. of 6 variables
11 maha$scale[mahasMag >= 7 & = -
12 mahasMag <= 7.9] <~ "Serious Damage” O maha_class 5 obs. of 2 variables
13 maha$scale[mahasMag >= 6.1 & » maha_scale 4 obs. of 2 variables
14 mahaiMag <= 6.9] <- "Severe Damage .
T AN -
te
S:36 | (Toplevel) * R Script &
i o —O Files Plots Packages  Help ;iewer,
P 7 55 v 4
K/EDA/J Component/ #* Zoom Export & %
[1] "character” PS G-
SLatitude
[1] "numeric”
SLongitude 1
[1] "numeric” 4
SIntensity
[1] "integer"”
Spepth 2=
[1] "numeric”
Smag
[1] "numeric”
0-
> plot(maha$Mag) " i ' '
» gplot(Mag, data = maha, bins = 30 ) 4 5 6 7
> - Mag

=

1

0

B]

Figure 4. Earthquake magnitude plot (Bar chart).
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2.3 Scale of earthquake magnitude

Generally the earthquake magnitude is scaled based on the severity of the earthquakes. Table 1 shows
the various levels of earthquake scale adopted in the study and it is found that the damage level falls
under minor damage.

Table 1. Damage level for different earthquake magnitude.

Magnitude Damage level

<2.5 Limited damage represents very small damage
2.5t05.4 Minor damage represents small damage

5.5t06.0 Slight damage represents noticeable damage
6.1t06.9 Severe damage represents highly noticeable damage
7.0t0 7.9 Serious damage represents very severe damage
>8.0 Great damage represents very high damage

The damage levels of earthquake in Maharastra state can be visualized using the following steps
and the plot is shown in figure 5.

ggplot(data = maha Scale, aes(x = Scale, y = n, fill = Scale)) +
geom_bar(stat = "identity") +

xlab("Earthquake Magnitude by Scale")
+ ylab("Total Earthquakes") +

ggtitle("Maharashtra Earthquake Magnitude Scale") +
theme(axis.text.x = element text(angle = 45, hjust = 1)) +
theme(plot.title = element_text(hjust = 0.5))

&) K/EDA/) Component - RStudio o[,

File Edit Code View Plots Session Build Debug Profile Tools Help
o X g Go to file/function ~ Addins ¥ Rl ) component ~

©ggpiot2R * | @ New EDAR (7]  Environment History ~Connections =im
SourceonSave | Q /- | Source ~ g 7 Import Dataset ~ | & Ust

28 ggplot(data = maha_scale, aes(x = Scale, y = n,* Global Environment ~
29 geom_bar (stat = "identity") +
30 xlab("Earthquake Magnitude by Scale”) + <
31 ylab("Total Earthquakes™) + D maha 53 obs. of 7 variables
32 ggtitle("maharashtra Earthquake Magnitude Sca maha_class 5 obs. of 2 variables
33 theme(axis.text.x = element_text{angle = 45, Fson T £ 2 variabl
34 theme(plot.title = element_text(hjust = 0.5)) Ralia. Seale 985, OF ¥ ¥ariauies
35 maha$scale <- factor(earthquake_classiscale, Y,
36 « »

3448 | (Top Level) + R Script =

pata

e aahw _ o Files Plots Packages Help Viewer —c

@

& zoom | Hexport v [ O |

> maha_scale
# A tibble: 4 x 2 40%
scale n
<chr> <int>

> maha_scale <- na.omit(maha_scale) ~ Maharashtra Earthquake Magnitude Scale

Scale

8

1 Minor Damage 40

2 serious Damage 1

3 severe Damage 9

4 slight pamage 3

> ggplot(data = maha_scale, aes(x = scale, y = n, fil
1 = scale)) +

+ geom_bar(stat = “identity") +

+ xlab("earthquake Magnitude by scale™) +

+ ylab(“"Total earthquakes™) + '
+ ggtitle("Maharashtra Earthquake Magnitude Scale") &

[ winor Damage
Serious Damage
. Severe Damage

- I Slight Damage

Total Earthquakes
NG
8

=]

&

+ theme(axis.text.x = element_text(angle = 45, hjus & )
1 o3 o &

+ - theme(plot.title = element_text(hjust = 0.5))
> Earthquake Magnitude by Scale

Figure 5. Visualization of earthquake damage levels.
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2.4 Earthquake Scatter plot of magnitude and depth

Earthquakes represented in terms of magnitude and depth would be useful to check the influence od
depth on magnitude of any earthquake. Here the earthquakes are classified based on the depth of
origin of earthquake as follows. If the depth is from 0 to 70 km, it is shallow earthquake; from 70 to

300 km, it is intermediate earthquake; from 300 to 700 km, it is deep earthquake.

In order to find the influence of depth on the earthquake magnitude, a scatter plot is produced.
Here the magnitude is scaled between zero and eight. From the plot, it can be seen that the
correlation between the depth and the magnitude is positive.

KJ/EDA/S Component - Ritudio
Fle §dt Code \iew Plots Sewsion Build Debug  Profile  Teol Help
0 -0 =- - acpey -

Wettent
| I i ndifind
P AR AWAS A A g
theme(plot.title - element_text(hjust -

66 mahasscale < factor(earthquake_classscla
L than 3.9",

Tevels.c(”
“woder

6%
§9 ggplotidata
70 geom.|

XTab(“garty
ylabi Total
ggTitie ¥aharashtra sarthquake Magnity
these(axis. text - element_textiangle
these (plot.title - elenent_text(hjust

77 pairs(-Mmag oepth, data « maha, spread = 1

& diagonal = “histogras™, Tty = 1,

79 msain « "Ecatterplot of magnitude™)| .

Comale  Terminal Jobs =0

o Gmicomest  History  Connectioes

53 obs. of § varfables

fles  Plots  Packages  Melp  Viewer
X Azeon- 0 &

Scatterplot of Magnitude

Mag

2.5 get_map() and ggmap() for mapping earthquakes

Now the data is ready and for mapping, get map() and ggmap() functions are used.

Figure 6. Depth versus magnitude plot.

(map <- get map(c(left = 72.25345, bottom = 15.321458, right =

100.099334, top = 21.559652)))
ggmap(map)

ggmap(map, extent = "device")
+ geom_point(data = maha,

aes(x = Longitude, y = Latitude, color = Mag, size = Depth)) +

scale colour gradient(low = "yellow", high = "red")

!
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Edit Code View Plots Session Build Debug Profile Tools Help
| O}

K:/EDA/J Component/
> ggmap(map)
>

> ggmap(map, extent "device") +
+ geom_point(data = maha,
aes(x = Longitude, y = Latitude, co

+
lor = mag, size = Depth)) +

+ scale_colour_gradient(low = "yellow", high =
"red™)
> (map <- get_map(c(left = 72.25345, bottom = 15.3

21458, right = 100.099334, top = 21.559652))) H
299x1266 terrain map image from Stamen Maps.
See ?ggmap to plot it.

> ggmap (map)

>

> ggmap(map, extent "device") +

+ geom_point(data maha,

aes(x = Longitude, y = Latitude, co

= pepth)) +
scale_colour_gradient(low

"red")

¥
lor = Mmag, size
¥

"yellow", high =

| -3

Zodid Go to file/function v Addins v Rl project: (None) v
@] Untitled1 @ ggpiotzR* =3 mal Environment  History  Connections =
K Osource | & /<~ | 94| | #Source ~| - # I | 52 import Dataset + | & st ~ -
0o yywapLmaps
84 “ 1 Global Environment ~
85 ggmap(map, extent = "device") + * = % 5 S x: o w -
26 geom_point (data - maha, map ggmap’ chr [1:299, 1:1266] "#99B3cC" ...
87 aes(x = Longitude, y = Latitude, 3 =
88 scale_colour_gradient(low = "yellow”, high RS ot iac0 CRItc v'"’e" =0
89 v M Zoom | Eexportv O | & “% Publish ~
4 »
891 | (ToplLeve)) ¢ R Script ¢
Console  Terminal Jobs =

Figure 7. Mapping of earthquakes.

3. Regression model

Multiple regression analysis is carried out with three independent variables such as epicentral
distance, depth and magnitude of earthquake and peak ground acceleration (PGA) as dependant
variable. From the intercept and coefficient values, the mathematical equation is obtained as below.

Y =1.963736194 x 107 X, - 2.874770724 x10™* X, + 7.174167726 x10" X; - 1.639089517 x10™'

R? = 0.8054246502

R>=0.8031

Predicted PGA
w IS

[\S)

*® o o

$4

0 T T
0.0 2.0

4.0
Actual PGA

8.0

Figure 8. Correlation between actual and predicted PGA

4. Conclusion

The past earthquake data of Maharashtra state are collected, analyzed and visualized using
R programming to understand the earthquake activities easily and meaningfully. Also the equation for
PGA is arrived at from multiple regression analysis to predict the earthquake size. Similar kind of
investigation can be conducted for all the vulnerable regions in the country to predict the

characteristics of earthquakes and to

design safer infrastructure.
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