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Abstract: Earth is a beautiful place to live in. People are
leading more sophistication and comfort life when compared to
the olden days. Human are inventing things to ease of their work.
But the burden is put on the Mother Nature. The earth isfacing
enormous environmental issues dueto this. For our existence we
need the Earth; but for its existence does not need human. It has
evolved based on its own transformation. Once the
transformations are natural it didn’t harm the Earth. But if it is
anthropogenic, it affects all the living things on the Earth. This
research work proposes a novel framework for predicting and
analyzing the impact of climate change. The results of the
analysis are presented for better understanding. The
performance of the framework is also validated in this work in
terms of accuracy and misclassification rate.
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I. INTRODUCTION

The amount of dataasin 2011 is growing 75 times more

than the number of information resources by 2020. The
primary source of data is Internet. Due to the existence of
this huge data there comes the opportunity for human
intelligence. People need to have the power of datain their
fingertips. Knowledge Discovery in Database (KDD) is the
primary phase of Data mining applications. KDD will
extract valuable knowledge from the raw data [10].
Clustering is the prominent strategy that is used to mine the
database [7].

Clustering is nothing but combining the given data into
meaningful groups (also called as clusters) based on specific
criteria. Clustering is a form of unsupervised classification
pattern [1]. Generally by clustering, the data will be divided
into meaningful or useful groups called clusters. Clustering
algorithms are broadly categorized as Hierarchical,
Partitioned and Density based [2]. Clustering has a wide
range of applications namely arts and humanities, social
sciences, biological sciences, statistics, information retrieval,
machine learning and data mining [5].

Clustering can be applied to environment oriented data to
get valuable knowledge from the dataset. The outcome of
such research works are highly needed for the benefits of the
human welfare.
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The research works [8, 9] are making use of clustering,
classification and prediction for environment oriented
research for coral mortality in Indian Ocean, managing
mangroves etc. This paper isalso presented aframework for
analyzing the impact of global climate change.

Thisresearch paper isorganized asfollows. Thereview of
theliteratureiselaborated in the section |1. The phases of the
proposed framework are explained in the section 1ll. The
results and discussion are presented in section 1IV. The
outcomes are concluded in section V.

[I. REVIEW OF LITERATURE

Theauthors of [12] analyzed the global warming estimates
for two time periods — one during the time when the papers
were found to be overstating challenges to then-prevailing
scientific consensus, and the other focusing on 2008, after
the IPCC and former Vice-President Gore shared the Nobel
Prize for their work on climate disruption, and before
opinion polls showed the U.S. public to be growing more
doubtful toward climate science once again. The findings
conclude that scrutiny of the scientific agreement on global
warming and climate change is highly needed.

In the paper [13], the author recorded their findings about
the recent analyses with respect to the environmental data
may underestimated the scale and proportion of the expected
impacts of climatic changes in the nature that are caused by
humans. The scientists usually do not share this kind of
information but they do share something which will be
giving dramatic explanations of the natural phenomena.

In the research work [10], the authors proposed a new
methodol ogy for improving the accuracy of clustering based
on a feature extraction model. K-Means clustering is used
here. The accuracy of the Document Term Matrix (DTM) is
enhanced.

The authors of [10] employed combination of data mining
techniques to recognize the content of benzene in air. The
accuracy is improved with the combination of the
techniques. They combined the random forest with that of
JA8 algorithm.

The United Nations Framework Convention on Climate
Change (UNFCCC) [3] secretariat has rel eased a book in the
year 2007. The book highlights the concerns and needs of
developing countriesto withstand aswell as adapt the effects
of climate change.  The impact of change in average
temperature of the developing countries like Asia, Africa,
Latin America and Small Island developing States are
described in this book.
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Also the fore coming crisis due to future climate change,
the pitfalls in the existing adaptation plans and actions need
are dealt in this book.

The need for the proposed framework is clearly explained
by the United Nations Framework Convention on Climate
Change (UNFCCC).

The impact of climate change in the Amazon — the lungs
of the world — is studied in the report [14]. These reports
motivated a lot to develop the proposed framework. The
following section will elaborate the proposed framework.

1. PROPOSED FRAMEWORK

The phases of the proposed framework for predicting and
analyzing the impact of climate change are shown in the
figure 1. It is subdivided into three phases namely,
preprocessing phase, clustering phase and data presentation
phase.

« Removal of

missing values
« Attribute
reduction

« Rise / Fall in
Temperature

« Impact of Climate

Change

e Clustering

« Prediction of
Increase /
Decrease in
Temperature

ata Presentation
Phase

Preprocessing
Phase

Fig. 1. Phases of the proposed work
Theses phases of the framework are explained in the
following section.

A. Pre-processing phase

The dataset consists of missing aswell as unknown values.
Before going to the clustering and prediction phase it is
essential to remove the unknown values and validate the
dataset. Missing values are removed in this phase. Only
valid data are filtered and passed as inputs to the next phase.
The unwanted attributes for the study are also reduced in this
phase. The results of the preprocessing phase will be
explained in the results and discussion section.

B. Clustering and Prediction phase

The problem of clustering has been addressed in many
contexts by the researchers belonging to different
disciplines. This reveals the wide range of demand for
including clustering as an inevitable step in groping the data
while performing analysis. Irrespective of the difficulties
faced in the definition of clusters, its assumptions and
context, clustering has its own impact in solving difficult
problems. The K-Means clustering is used in this phase to
group the years with either increase or decrease in the
average temperature of the surface.

C. Data Presentation phase

Tableau isthe software that will exactly deliver datain the
fingertips of the users. The data presentation phase will
visualize the analysis part in an efficient manner.

The impact of climatic change is analyzed during the
preprocessing phase for remova of unknown values and
reduction of unwanted attributes.

Similarly the changes in the average temperature,
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formation of clustersfor prediction, increase/ decreaseinthe
temperature, impact of temperature uncertainty are presented
in this phase.

IV. RESULTSAND DISCUSSION

The dataset used for the experimental setup isdescribed in
this section. The data visualization of the “Climate Change:
Earth Surface Temperature Data” is visualized using Tableau
software.

A. Dataset Description

The dataset of this research work is downloaded from the
kaggle data source [16]. This dataset consists of data related
to climate change For this work, the
“GlobalLandTemperaturesByCity.csv” dataset is used. This
dataset consists of seven columns as listed below.

Table— I. Attributes of the
Global LandTemperatureByCity.csv Dataset

S. No Attribute Name

Dt
AverageTemperature
AverageTemperatureUncertainty
City
Country
Latitude
Longitude

The size of the dataset is 74.12 MB. This dataset is
maintained by Berkeley Earth. In the early 2010s Berkeley
Earth was envisioned by Richard and Elizabeth Muller. With
the group of scientists they analyzed the surface temperature
of the Earth over years and published their reportsin 2012. It
has become an independent non-profit organization in the
year 2013.

The dataset consists of 15,717,007 mean entries of
different countries and cities. The earliest month in the
dataset is January 1701 and the most recent month is October
2013. The values of the average temperature are recorded
for every month with respect to the cities in the globe.

The average temperature uncertainty is also recorded for
every month. While evaluating the temperature of the entire
planet there will be inherent level of uncertainty. These
values are provided as plus/minus values. Combined with
the +0.2° C average sation error, a representative
lower-limit uncertainty of £0.46° C was found for any global
annual surface air temperature anomaly.

For example, a month's temperature anomaly may be
reported as "0.54°C above the 20th Century average, plus or
minus 0.08°C." This may be written in shorthand as
"+0.54°C +/- 0.08°C."

B. Scope of the study

The scope of the experimental study isrestricted to the city
Agrain India. It isthe city of the glorious Tgj Maha — one
among the Seven Wonders of the World. It attracts 7-8
million of visitors on an average every year [18]. The
visitors count increases every year. The Tg Maha was
constructed in the year 1653. It will be the pride for India
ever.

Climate change is one of the important factors that
influence on the environmental concern of this monument
[15].
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The experimental part of the research work is elucidated
the climate change with respect to the city Agra.
C. DataPresentation

In the dataset, for the city Agra the details are available
from the year 1796 to the year 2013.

Among the data with respect to the scope of the study,
some data are missing. For example the following figure
depicts the missing valuesin the dataset.
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Fig. 2 Average Surface Temperature of Agra (1796-1799)

From the month wise temperature detailsin the dataset the
year wise temperature details are populated. The following
charts show the average temperature changes from year 1796
to 1820.

Average Temperature Changes over the period
(1796-1820)
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Fig. 3. Average Temperatur e changes of Agra
(1796-1820)
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In the above figure it is evident that the missing valuesin
the dataset may lead to inaccurate predictions. Soin thefirst
phase the missing values are removed. The unwanted
attributes will be an unnecessary cost that will increase the
size of the dataset. This kind of dataset will be growing
gradually with respect to time. Here the unwanted attributes
such as the latitude and longitude can be reduced from the
dataset before going for further analysis.

Average Temperature Changes over the period of 10
Years (1900-1910)

0.160 -
0.140 -
0.120 -
0100 - HFall ®Rise
0.080 -
0.060 -

0.040 -

Temperature Difference

0.020 -

0.000 -
Start 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910 End

Year

Fig. 4.Average Temperature changes of Agra
(1900-1910)
The above figure shows the average temperature changes
for the period of 10 yearsfrom 1900 to 1910 for the city Agra
inIndia

The following charts show the average temperature changes over the period of 1796 to 1899 and 1900 to 2012.
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Fig. 5.Average Temperature changes of Agra (1796-1820)
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Average Temperature Changesin Agra over years (1900-2012)
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Fig. 6.Average Temper ature changes of Agra (1796-1820)

The rise as well as the fall in the average temperatures is shown in figure 5 and figure 6. The temperature distribution is
shown in the following figure for the period of 1900 to 2012 using a scatter diagram in figure 7.

Average Tempreture of Agra (1900-2012)

20
18 -

. .« *
o -
= . *e e g 0.0‘ -
216 P ee e . Wt et aN
= A . o o MR R e N *
5 “‘&" N, 07 MR .o * - .
o o e “.00. . - -* .
514— . . .
F

-

12 -
10
1895 1915 1935 1955 1975 1995 2015

Year

Fig. 7 Average Temperature of Agra (1796-1820)

Theincrease and decrease in the average surface temperature of Agrais visualized using the following chartsin figure 8 and
9. Based on the increase and decrease values for the number of consecutive years the temperature changing trend can be
understood.
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Agra - Average Temperature - Decrease Trend
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Fig. 9. Average Temperature of Agra— Decrease Trend (1900-2012)

The second phase of the proposed framework isto cluster the years based on the average temperature changesin Agra. The
ranges of the difference values in temperature are used to form the clusters. Here K-means clustering is used to form the
clusters. The cluster formation is shown in the following figure 10.

Clusters Formed According to Average Change in Temperature
of Agra (1900-2012)
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Fig. 10. Cluster Formation with respect to average changesin temperature of Agra (1900-2012)

Based on the clusters formed, the predictions about the increase as well as decrease in temperature can be predicted. For the
period of 1900 to 2012 — totally 113 years, there is a rise in average temperature for 59 years. Similarly there is a fall in
temperature for 54 years. The maximum rise in temperature is 0.243 and minimum fall in temperature is -0.288. On an
average the difference in temperature is -0.00026.

Thefollowing figure 11 shows the increase as well as decrease in temperature for the period of 113 years from 1900 to 2012
of the city Agrain India.
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4 Increase / Decrease in Temperature with respect to Years in Agra
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Fig. 11. Increase/ Decrease in Temperarue of Agra (1900-2012)

The packed bubble chart for the occurrence of the year wise average changes in temperature of Agrais shown in figure 12.
The size of the bubble variesin accordance to the number of entriesin the clusters.

Fig. 12. Packed Bubble Chart with respect to average changesin temperature of Agra (1900-2012)
e False positive (FP): Number of normal samples

b- M erics that are incorrectly classified as attacks.
The predictions drawn from the proposed framework are o False negative (FN): Number of attack samples
analyzed in terms of the metric Accuracy [4]. that are incorrectly classified as normal.
(TP +TN)
Accuracy =

(TP +TN + FP + FN)

e True positive (TP): Number of samples that are
correctly classified as attacks.

e True negative (TN): Number of normal samples
that are correctly classified as normal.
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E. PerformanceAnalysis

Any prediction framework is said to be usable if it yields
good accuracy. The accuracy of the proposed framework is
92.51% and the error rate is 7.49%. It is depicted in the
following figure.

Misclassification
Rate, 7.49

Classification & Prediction Analysis

Fig. 13. Performance Analysis - Accuracy

V. CONCLUSION

The proposed framework offers better accuracy while
predicting the impact of climatic change over a specific city.
The dataset is reduced for the period 1900 to 2012 during the
preprocessing phase. The earlier period has missing values.
Clustering will reduce the time taken to predict the change in
climate. This framework can be used to analyze any city in
the dataset. The visuaization helps the users to understand
what they see. This work can be further extended to
incorporate usage of sensors to get predictions with greater
accuracy. The parameters may also be increased to consider
other notable factors influencing on the globa climatic
change.
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