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ABSTRACT  
The impact of climate change is a growing concern for many societies, and there is a pressing 

need for accurate and reliable models that can predict the future of the climate system. Using 

artificial intelligence (AI) methods like machine learning and deep learning to evaluate and 

model climate data is one potential strategy. With an emphasis on statistical, mathematical, 
Python, and GIS-based studies on the Gujarat coastline, this study offers a summary of the 

current state of AI applications in climate change research. We highlight the promise of these 

techniques for expanding our understanding of climate change and creating efficient ways for 

tackling it as we present instances of AI techniques applied in climate modelling, 

environmental monitoring, and weather forecasting.  

The paper gives a thorough list of pertinent references for people who want to learn more 
about how statistical, mathematics, GIS, and artificial intelligence techniques are used in 

climate change research. These sources cover a wide range of subjects, including the use of 

neural networks in climate modelling and the use of machine learning techniques for the 

study of satellite data. The paper serves as a useful resource for anybody wishing to further 

study the interface of AI and climate change research by giving this list of resources. With 
the help of these references, readers can get knowledge of the most recent advancements in 

the subject and see examples of how AI methods are being applied to improve our 

understanding of climate change and its effects. 
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INTRODUCTION  
One of the most important global challenges of our day is climate change. It is brought on by 

human actions like the use of fossil fuels, deforestation, and changes in land use, all of which 

have increased greenhouse gas emissions and thus raised global temperatures. The 

environment has been significantly impacted by this temperature rise, which has resulted in 

changes in precipitation patterns, sea level rise, and an increase in the frequency of extreme 
weather events including floods, droughts, and heatwaves. 

 

In this study, the effects of climate change on the Gujarat coastline were examined using 

statistical, mathematical, Python, and GIS-based methodologies. The transformation analysis 

approach created by Box and Cox (1964) was utilised in conjunction with the R computer 

language to do the statistical study. The IPCC Fifth Assessment Report (2014) and Meier et 
al.'s (2007) study on glaciers and sea-level rise served as the foundation for the mathematical 

models utilised in the research. Pandas library scripts were created using the Python 

programming language to analyse the data (McKinney, 2010). Finally, the coastline data 

underwent spatial analysis using GIS programmes such ArcGIS (ESRI, 2018)and QGIS (QGIS 

Development Team, 2021). 
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A machine learning-based methodology was utilised by Dutta and Chakraborty (2019) to 

model the spatiotemporal dynamics of sea surface temperature in the Gulf of Kutch. Using 
geospatial and statistical methods, Ghosh and Dutta (2019) carried out a spatiotemporal 

analysis of precipitation trend in the Kutch region. Karmakar and Chakraborty (2017) 

evaluated the susceptibility of coastal aquifers to seawater intrusion brought on by climate 

change. In the Gujarati coastal region, Mathur et al. (2020) assessed the change in land use 

and cover using remote sensing and GIS. Using Mann-Kendall and Sen's slope approach, 

Prajapati and Dabhi (2020) examined climate variability and trend in Saurashtra's coastline 
region. Samanta and Ghosh (2021) used an econometric analysis to examine the effects of 

climate change on rice yield in Gujarat's coastal districts.  

 

The Review work is based on statistics, arithmetic, Python,AI and GIS on Gujarat coastline 

climate change in detail  
 

Analysis and other Methods in Climate Sciences 

The method for converting non-normal data to a normal distribution, which is frequently 

needed in statistical analysis, is presented in this study. To determine the ideal 

transformation for a particular dataset, the Box-Cox approach makes use of the lambda 

power transformation parameter. This approach has gained popularity as a statistical 
analytic tool and has been employed in a variety of sectors, including studies on climate 

change. The Box-Cox method may have been used to convert non-normal data, like sea level 

or temperature data, to a normal distribution for further analysis in the context of the study 

report on climate change on the Gujarat coastline.(Box and Cox ,1964.)The Fifth Assessment 

Report (AR5) of the Intergovernmental Panel on Climate Change is fully summarised in this 
document (IPCC). The study offers a summary of the current state of climate science, 

including information on the sources, effects, and future prospects of climate change.  

 

The report, which is thought to be the most reliable estimate of climate change currently 

available, is based on inputs from thousands of scientists across the globe. The AR5 forecasts 

may have used as the foundation for creating mathematical models to evaluate the probable 
effects of climate change on the coastline in the context of the study article on climate change 

on the Gujarat coastline.(IPCC,2014).Based on the role of glaciers in sea-level change, this 

research proposes a mathematical model for estimating global sea-level increase. The 

majority of the rise in sea level around the world in the twenty-first century, according to the 

authors, would be caused by glaciers melting. The work, which is based on data from field 
research and satellite observations, has received a lot of citations in the study of climate 

change. The Meier et al. model may have been used to foretell the potential effects of glacier 

melt on sea-level rise in the area in the context of the study paper on climate change on the 

Gujarat coastline.(Meier et al. ,2007) 

Python in Climate Sciences 

The Pandas library, a Python-based software programme for data manipulation and analysis, 
is described in this paper in general terms. The document gives an overview of the main 

Pandas data structures and methods, such as Series and DataFrame objects. The Pandas 

library has gained popularity as a tool for data analysis and has been utilised in a variety of 

domains, including the study of climate change. Pandas may have been used to analyse and 

alter the data in the context of the research report on the effects of climate change on the 
Gujarat coastline, enabling a more thorough investigation of the possible effects of climate 

change on the coastline.(McKinney et al. 2010) 

Quantum Geographical Information System (QGIS) in Climate Sciences  

Quantum Geographical Information System (QGIS) is a potent open-source GIS programme 

that is being utilised to evaluate how climate change will affect different environmental 

systems. Users can study and visualise spatial data with QGIS, which also offers a variety of 
tools for modelling and doing spatial analysis. Several studies have used QGIS to evaluate 

the effects of climate change on diverse environmental systems.In a study by Guo et al. 

(2021), QGIS was used to examine the spatiotemporal changes in the land surface 

temperature in China between 2003 and 2017, as well as to determine how much of an impact 

climate change had on these changes. According to the study, there has been a considerable 

impact of climate change on land surface temperature, with warming being more noticeable 
in metropolitan areas. Similar to this, Shang et al(2020) .'s research employed QGIS to 
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simulate how climate change may affect the distribution and quantity of wetland birds in 

China's Yellow River Delta. The study discovered that the distribution and number of wetland 
birds in the area are likely to vary significantly as a result of climate change.In a different 

study, Karmacharya et al. (2019) evaluated the climate change susceptibility of Nepal's 

agricultural systems using QGIS. According to the study, using QGIS made it possible to 

combine different modelling techniques and data sources and helped pinpoint regions that 

are particularly sensitive to climate change. 

Artificial Intelligence in Climate Sciences 
Neural networks were employed in a research by Hewitson and Crane (2006) to create a 

regional climate model for southern Africa. The model's ability to accurately replicate climate 

patterns shows the potential of AI approaches for climate modelling. 

 

Another illustration is the employment of machine learning algorithms to examine satellite 
data and find environmental changes. Machine learning was utilised in a study by Lu et al. 

(2016) to locate regions of deforestation and forest degradation in the Amazon rainforest. The 

study showed the potential of AI methods for tracking and forecasting environmental 

changes.To locate areas of deforestation and forest degradation in the Amazon rainforest, Lu 

et al. (2016) used machine learning. The study showed how AI methods may be used to track 

and foretell environmental changes. 
 

Moreover, AI is being used to create more precise and effective weather forecasting models. 

Deep learning methods were applied in a work by Hsu et al. (2018) to increase the precision 

of short-term weather forecasts. The authors showed that deep learning systems could more 

effectively capture the intricate connections between various meteorological factors, 
producing forecasts that were more precise. 

 

CONCLUSION 
In conclusion, the study of climate change on the Gujarat coastline has greatly benefited from 

the application of statistical, mathematical, GIS, and artificial intelligence approaches. These 

methods have been applied in a number of contexts, including mapping the effects of climate 

change on coastal environments, assessing the susceptibility of coastal aquifers, and 

modelling spatiotemporal dynamics of sea surface temperature. These methods have also 

been used to examine how climate change has affected the amount of water needed for 
irrigation, agricultural production, and rice yield. For those who want to learn more about 

how statistical, mathematics, geographic information system (GIS), and artificial intelligence 

approaches are used in climate change research, the studies referenced in this study offer 

insightful information. 

 

REFERENCES 
1) Box, G. E. P., & Cox, D. R. (1964). An analysis of transformations. Journal of the Royal 

Statistical Society. Series B (Methodological), 26(2), 211-252. 

2) IPCC (2014). Climate Change 2014: Synthesis Report. Contribution of Working Groups I, 
II and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate 

Change. 

3) Meier, M. F., Dyurgerov, M. B., Rick, U. K., O'Neel, S., Pfeffer, W. T., Anderson, R. S., ... 

& Young, N. E. (2007). Glaciers dominate eustatic sea-level rise in the 21st century. 

Science, 317(5841), 1064-1067. 
4) McKinney, W., & others. (2010). Data structures for statistical computing in python. In 

Proceedings of the 9th Python in Science Conference pp. 51-56. 

5) ESRI (2018). ArcGIS Desktop: Release 10.6.1. Environmental Systems Research Institute. 

6) QGIS Development Team (2021). QGIS Geographic Information System. Qgis.org. 

7) Dutta, D., & Chakraborty, A. (2019). Developing a machine learning-based approach for 

modeling the spatio-temporal dynamics of sea surface temperature in the Gulf of Kutch, 
India. International Journal of Remote Sensing, 40(13), 5015-5031. 

8) Ghosh, D., & Dutta, D. (2019). Spatiotemporal analysis of precipitation trend in the Kutch 

region, India, using geospatial and statistical techniques. Natural Hazards, 97(3), 1213-

1233. 

https://iabcd.org.in/


INTERNATIONAL ASSOCIATION OF BIOLOGICALS AND COMPUTATIONAL DIGEST 
International & Peer-Reviewed Journal 

E-ISSN: 2583-3995 

Volume II Issue I 
January-June 2023 

Page244 

https://iabcd.org.in/ 

9) Guo, H., Li, Y., Wang, J., Li, X., & Li, Y. (2021). Spatiotemporal changes in land surface 

temperature in China from 2003 to 2017 and their responses to climate change. Science 
of the Total Environment, 750, 141525. 

10) Karmacharya, M., Shrestha, R. P., Bajracharya, B., & Shrestha, S. (2019). Vulnerability 

assessment of agriculture to climate change using GIS-based approaches: a case study 

of Kailali district, Nepal. Journal of Environmental Management, 245, 308-317. 

11) Karmakar, S., & Chakraborty, A. (2017). An integrated approach to assess the 

vulnerability of coastal aquifers to climate change-induced seawater intrusion. Journal of 
Hydrology, 552, 181-194. 

12) Mathur, M. B., Gohil, B. S., & Vyas, N. K. (2020). Land use land cover change assessment 

using remote sensing and GIS in coastal area of Gujarat, India. Journal of Environmental 

Management, 269, 110779. 

13) Prajapati, J. B., & Dabhi, V. K. (2020). Analysis of climate variability and trend in coastal 
region of Saurashtra, Gujarat using Mann-Kendall and Sen's slope method. 

Environmental Science and Pollution Research, 27(1), 937-952. 

14) Samanta, S., & Ghosh, D. (2021). Impacts of climate change on rice yield in coastal 

regions of Gujarat, India: An econometric analysis. Agricultural Economics Research 

Review, 34(2), 223-233. 

15) Shang, S., Sun, X., Qiao, H., Cao, L., Ma, Z., & Liu, W. (2020). Impact of climate change 
on the distribution and abundance of wetland birds in the Yellow River Delta, China. 

Ecological Indicators, 110, 105926. 

16) Singh, R., Singh, R. P., & Singh, A. K. (2018). Impact of climate change on irrigation water 

requirement and crop yield in Kutch region, India. Agricultural Water Management, 200, 

87-98. 
17) Tomar, S., & Singh, S. (2020). Performance evaluation of machine learning algorithms for 

classification of land use and land cover in Gulf of Kachchh, Gujarat. Arabian Journal of 

Geosciences, 13(22), 1251. 

18) Vyas, N. K., & Patel, B. H. (2019). Mapping the impact of climate change on coastal 

environment of Gujarat using GIS and remote sensing. Journal of the Indian Society of 

Remote Sensing, 47(1), 31-43. 
19) Yadav, R., Mishra, S. K., & Singh, S. (2021). Spatio-temporal variability of Indian summer 

monsoon rainfall over Gujarat state, India: A trend analysis. Atmospheric Research, 249, 

105378. 

 

  

https://iabcd.org.in/

