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Abstract—Climate science as a data-intensive subject
has been overwhelmingly affected by the era of data
science and relevant technological revolutions. The big
successes of data science analytics in diverse areas over
the past decade have also prompted the expectation of
data science and its efficacy on the big problem—
climate change. This discrepancy stems from the
complex nature of climate data as well as the scientific
questions climate science brings forth. This article
introduces a data science audience to the challenges and
opportunities to mine large climate datasets. climate
change has been at the forefront of the big climate data
analytics implementations and exhaustive research has
been carried out covering a variety of topics. This paper
aims to present an outlook of data science in climate
change studies over the recent years by investigating
and summarizing the current status of data science
applications in climate change-related studies. It is also
expected to serve as a one-stop reference directory for
researchers and stakeholders with an overview of this
trending subject at a glance, which can be useful in
guiding future research and improvements in the
exploitation of climate data.

I. INTRODUCTION

Data science has a key role to play in climate change.
The science, policy, and communication practices
around data science, machine learning, and artificial
intelligence have important implications for the
climate crisis and the solutions society will utilize in
the future. From machine learning to data
visualization, data science techniques are used to
study the effects of climate change on marine
biology, land use and restoration, food systems,
patterns of change in vector-borne diseases, and other
climate-related issues. Data science is a powerful tool
to help researchers understand the uncertainties and
ambiguities inherent in data, identify interventions,
strategies, and solutions that realize co-benefits for
humanity and theenvironment, and evaluate the
multiple—and  sometimes  conflicting—goals  of
decision-makers.
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This article discusses some of the major big data
challenges researchers face when mining climate data
and how being mindful of such intricacies can have a
significant impact on a socially relevant and
commercially viable domain. We will use examples
from existing research in climate and data science to
demonstrate and discuss key concepts, with the goal
of preparing a new generation of data scientists with
the tools and processes for data science to have the
highest impact on momentous challenges facing our
society due to climate change.

VS 2°C GLOBAL WARMING &

CLIMATE RISKS:

Figure. (1.1) Extreme Climate Changes between
1.5°C VS 2°C

Il. CHALLENGES

e Traditionally, many data-driven explorations
tend to boil down to regression or classification.
However, the focus of climate science is more
about understanding than predicting. Yes, there
is interest in predicting individual events, but a
greater focus remains on a system-level view
rather than individual events.

e This difference comes with two consequences:
First, there is a greater emphasis on model
interpretability rather than model flexibility.
Thus, ‘‘black box’> models that tend to do very
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well in regression or classification tasks are not
adopted because their accuracy cannot be related
back to physical processes. Second, existing data
science conventions have focused on a narrow
form of data representation that does not abstract
spatiotemporal phenomena. This means that the
way the data are represented relies heavily on
attribute-value representation without any notion
of contextual information (in space or time).

e This representation was reinforced by the
popularity of the UC Irvine Machine Learning
repository—a set of small public datasets that
researchers are developing novel learning
algorithms could use to test their methods.
However, not all problems lend themselves to a
set of attributes that are generally assumed to be
independent. Finally, the spatiotemporal nature
of the data presents unique challenges.

1. PROBLEM STATEMENT

e Climate change is a heated topic. It’s on
everyone’s mind. Unfortunately, the global
warming controversy still rages on--especially in
politics--and this is why data visualization is one
of our best allies in this debate. We’ve scoured
the Web to find the best visualizations on climate
change facts from the last few years. So, our
main objective here, considering all the factors is
to find how exactly will earth look like, its
resources, and other domains in the next coming
years. A great advantage traditional data science
has is the clear definition of learning tasks
(regression, classification, etc.).

e In climate science, however, the objective
function can be harder to define. For example,
one of the most feared impacts of global climate
change is drought. Yet, the very notion of
drought is ambiguous from a data-driven
perspective. First, there are numerous types of
droughts:  agricultural,  metrological, and
hydrological. However, in general, droughts may
be defined as ‘the prolonged absence, or marked
deficiency, of precipitation.”” Second, even if we
can agree on a definition, how to represent such
“‘deficiency’’ is unclear. For instance, droughts
may be quantified in absolute or relative terms,
and depending on which data representation is
chosen, one might arrive at different conclusions.
Two recent studies published in Nature Climate
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Change and Nature came to opposing
conclusions about whether there are noticeable
changes in drought trends as a result of climate
change.

e One study further highlighted the disparate
results by pointing out (among other reasons)
that each study relied on a different precipitation
dataset. There are other instances where two
studies used the same data but arrived at
opposing conclusions. When examining the
changes in sea surface temperatures and
hurricane occurrences, one study found that the
observed hurricane trends were just part of larger
oscillations, whereas another study concluded
that hurricane counts were increasing along with
sea surface temperatures. Both groups used the
same data but instead relied on different data
analysis techniques to arrive at opposing
conclusions.

IV. DATASET DESCRIPTION

We have repackaged the data from a newer compiled
by the Berkeley Earth, which is affiliated with
Lawrence Berkeley National Laboratory.

In this dataset, we have included several files:

* Global Land and Ocean-and-Land Temperatures
(GlobalTemperatures.csv)

* Date: starts in 1750 for average land temperature
and 1850 for max and min land temperatures and
global ocean and land temperatures

* LandAverageTemperature: global average land
temperature in Celsius

* LandAverageTemperatureUncertainty: the 95%
confidence interval around the average

* LandMaxTemperature: global average maximum
land temperature in Celsius

* LandMaxTemperatureUncertainty: the 95%
confidence interval around the maximum land
temperature

* LandMinTemperature: global average minimum
land temperature in Celsius

* LandMinTemperatureUncertainty: the 95%
confidence interval around the minimum land
temperature

* LandAndOceanAverageTemperature: global
average land and ocean temperature in Celsius

Other files include:
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* Global Average Land Temperature by Country
(GlobalLandTemperaturesByCountry.csv)

* Global Average Land Temperature by State
(GlobalLandTemperaturesByState.csv)

* Global Land Temperatures by Major City
(GlobalLandTemperaturesByMajorCity.csv)

* Global Land Temperatures by City
(GlobalLandTemperaturesByCity.csv)

V. DESIGN

data
iku
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Data the Data Learning

Figure. (1.2) Data Science Lifecycle

VI. IMPLEMENTATION

Machine Learning algorithms can be used to monitor
potentially catastrophic weather events, and predict
damages.

To compute precise predictions regarding the future

climate we will use regression algorithms: -

1. Linear Regression - Simple linear regression is
useful for finding relationships between two
continuous variables. One is a predictor or
independent variable and the other is a response
or dependent variable.

2. Polynomial Regression - In simple words, we
can say that if data is not distributed linearly,
instead it is an nth degree of polynomial then we
use polynomial regression to get desired output.

Simple linear model
N YA

Polynomial model

y=bo+bix

>
X

Figure. (1.3) Linear Regression & Polynomial
Regression
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VIII. DISCUSSION

This paper described the essential need for research
and development objectives to realize and manage
the complex issues of climate change through Data
science tools. Data-driven applications were
reviewed through the co-occurrence analysis of
keywords, which showed the widespread application
of Data Science technologies and tools, however,
comprehensively utilized and integrative analyses are
less prevalent.

It can be claimed that the exclusive analysis of
climatic factors cannot bring about sufficient strategic
adaptation by itself, rather the socio-environmental
factors must be integrated into the climate change
models. Mitigating the impacts of climate change and
successful adaptation requires effective climate
change strategic planning by countries worldwide
whose decision-making requires complex models and
sources of information. The Data Science toolkit
enables the systematization, processing, and
evaluation of heterogeneous data and information
sources, which is unfeasible with traditional
disciplinary analysis tools. The harmonization of the
ever-expanding scientific knowledge and diversified
data sources related to climate change may be one of
the most urgent tasks for researchers in the future.
This research presented Data Science analytics tools
and their contribution toward exploring the
characteristics of climate change as well as climate
action-related counterparts such as sustainability and
social sciences that are essential for the successful
development and implementation of strategies.

IX. CONCLUSION

Researchers have generally realized the big impact of
data-intensive research. have summarized the
milestones of Big Earth Data development and the
big challenges that follow. In this paper, we present
the most up-to-date overview of big data analytics in
climate change covering over 100 research papers.
Although there is a lot of existing literature on big
data and smart cities, the sustainable aspect that links
to climate change still stays in the early stage of its
development.

However, big data analytics alone are not enough to
insightfully and accurately exploreclimate data.There
is a need for theory-guided data science methods that
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blend the power of big data analytics with the caution
of scientific theory and first principles.

It is also worth noting the popularity of integrating
the Internet of Things, the architecture of a platform
that enables efficient, real-time, in memory cloud
computing and storage of complex big data with the
most advanced analytics or data mining techniques,
as well as integrating the Internet of Things is the key
to future research.
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