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1. INTRODUCTION

The urgency of climate change and the complexity of its data has high-

lighted an acute need for competent analysis skills. Understanding the 

details of our changing climate requires expertise that can analyze and 

interpret large and varied data. This chapter introduces an innovative 

Python-based course, designed for high school and freshman college 

students, to address this pressing need. The course aims to equip stu-

dents with the necessary computational skills, and to foster an under-

standing of climate change and its far-reaching impact. The goal is to 

educate a generation of informed, skilled individuals who can contribute 

significantly to climate science and environmental policy. 

1.1. THE URGENCY OF CLIMATE CHANGE: AN OVERVIEW 

Climate change has emerged as the defining crisis of our time, with its 

impacts no longer distant threats, but rather immediate and escalating 

challenges. Global temperatures are on the rise, ice caps are melting, sea 

levels are rising, and extreme weather events have become more fre-

quent and severe. The reality of these developments signals an urgency 

that is both alarming and undeniable. The consequences of inaction, or 

even delayed action, are grave and could result in irreversible damage 
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to our planet (Hansen et al., 2012; Church, J. A., & White, N. J., 2006; 

Coumou, D., & Rahmstorf, S., 2012). 

The evidence of climate change is broad and robust, documented metic-

ulously through scientific research. The rise in global average tempera-

tures, often referred to as global warming, is a stark manifestation of 

climate change. However, the phenomenon extends far beyond just ris-

ing temperatures. We are witnessing shifts in precipitation patterns, in-

creased frequency of extreme weather events such as floods, droughts, 

and storms, rising sea levels, diminishing ice caps, and changes in bio-

diversity and ecosystems. All these aspects provide compelling evidence 

of the reality and urgency of climate change (Stocker et al., 2013; Par-

mesan, C., & Yohe, G., 2003). 

While climate change is a natural phenomenon, its current accelerated 

pace is largely attributed to human activities. The release of greenhouse 

gases (GHGs), primarily carbon dioxide and methane, from burning fos-

sil fuels for electricity, heat, and transportation, is the principal driver of 

today's climate change. Deforestation, land use changes, and industrial 

processes also contribute to the increased concentration of GHGs in our 

atmosphere. The cumulative impact of these activities over the past cen-

tury has drastically amplified the greenhouse effect, causing the planet 

to warm at an unprecedented rate (Pachauri et al., 2014). 

The urgency of addressing climate change is underscored by its pro-

found impacts on human societies worldwide. Rising temperatures and 

extreme weather events threaten food security by affecting agricultural 

productivity. Changes in precipitation patterns disrupt water supplies, 

while rising sea levels and intensified storms pose significant risks to 

coastal communities. Climate change can exacerbate social and eco-

nomic inequalities, disproportionately affecting marginalized and vul-

nerable populations. The World Health Organization estimates that be-

tween 2030 and 2050, climate change could cause approximately 

250,000 additional deaths per year due to malnutrition, malaria, diar-

rhea, and heat stress (Watts et al., 2019). 

Despite the daunting challenge, tackling climate change is within our 

grasp if swift and concerted action is taken now. Immediate and 
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significant reductions in GHG emissions, the transition towards renew-

able and clean energy sources, and the adaptation and resilience of com-

munities to climate change impacts are all crucial steps towards mitigat-

ing this crisis. Importantly, the solutions to climate change also offer 

opportunities for sustainable development, from creating green jobs to 

improving public health through cleaner air and water. 

Understanding the urgency of climate change requires reliable data and 

skillful analysis. Climate data analysis helps us monitor changes, predict 

future scenarios, and devise effective responses. Consequently, there is 

an escalating demand for individuals capable of interpreting and analyz-

ing climate data. This chapter introduces a course designed to equip stu-

dents with these critical skills, aiming to empower a new generation to 

contribute effectively to addressing the pressing issue of climate change 

(Marlon et al., 2021). 

1.2. THE RISING DEMAND FOR CLIMATE DATA ANALYSIS SKILLS 

Climate data serves as the backbone for understanding and tackling cli-

mate change. This data, which comes in various forms such as tempera-

ture records, sea level measurements, or greenhouse gas concentrations, 

provides scientists and researchers with insights into past climates, cur-

rent trends, and future projections. It enables us to unravel the complex-

ities of climate systems, observe patterns, forecast changes, and ulti-

mately, devise effective strategies for mitigation and adaptation. Given 

the importance of this data, the demand for individuals with the neces-

sary skills to accurately analyze and interpret it is on the rise. 

The complexity of climate data contributes significantly to the escalat-

ing demand for skilled analysts. Modern climate data is vast, often gen-

erated from multiple sources including satellites, weather stations, ocean 

buoys, and climate models, among others. This data not only varies spa-

tially and temporally but also ranges from raw numerical readings to 

more abstract proxies like tree rings or ice cores. Effectively navigating 

and making sense of this immense, multi-dimensional dataset requires 

advanced computational skills, a solid grounding in climate science con-

cepts, and a strong ability to integrate and interpret disparate data 

sources (Hawkins et al., 2017). 
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The rising demand for climate data analysis skills transcends the aca-

demic and research sectors. As climate change impacts become more 

apparent and urgent, industries, governments, and non-governmental or-

ganizations are increasingly seeking individuals capable of understand-

ing and utilizing climate data. Whether it's for developing climate resil-

ient infrastructure, creating effective environmental policies, or advanc-

ing sustainable business strategies, these skills have become invaluable. 

Through the lens of this growing demand, this chapter introduces a novel 

course designed to cultivate the next generation of skilled climate data 

analysts. 

1.3. OBJECTIVE AND SIGNIFICANCE OF THE PYTHON-BASED COURSE 

The primary objective of this innovative Python-based course is to equip 

students with the necessary skills to analyze and interpret climate data 

effectively. Addressing the increasing demand for these skills, the 

course is designed to introduce the fundamentals of Python program-

ming, along with key data analysis libraries such as pandas and numpy, 

to high school and freshman college students. Moreover, the course is 

carefully crafted to provide an understanding of climate change concepts 

and the application of data analysis in predicting and responding to cli-

mate change impacts (Nangia et al., 2018). 

The course's significance lies in its potential to bridge the existing skills 

gap in climate data analysis. As climate change continues to impact var-

ious sectors, the ability to decipher large-scale climate data has become 

increasingly important. However, there is a noticeable shortage of indi-

viduals with both a solid understanding of climate science and the tech-

nical skills to analyze relevant data. This course aims to fill this gap by 

combining an understanding of climate change with the technical as-

pects of Python programming and data analysis, thus preparing students 

to effectively contribute to climate science and policy-making. Table 1 

includes the list of 10 major Python libraries used in the course with a 

brief description of their applications in climate change studies. 
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TABLE 1. List of Climate Change related Python libraries used in the course and a brief 

description of their applications, functions, and resources. 

Library Description 

NumPy 
Enables numerical operations with arrays. Essential for handling large datasets and 

performing mathematical calculations with ease. 

pandas 
Used for data manipulation and analysis. It's particularly helpful for dealing with 

structured data like CSV and Excel files. 

Matplotlib 
A plotting library used to generate figures and visualizations of the data, including 

line, bar, scatter, and contour plots. 

seaborn 
Built on top of Matplotlib, seaborn is used for creating more aesthetically pleasing 

and informative statistical graphics. 

xarray 
Used for labeling multi-dimensional arrays and working with them efficiently, crucial 

for climate data which often comes in NetCDF format. 

cartopy 
A library for creating 2D spatial visualizations, such as maps, which are essential 

for presenting climate data. 

GeoPandas 
Enables handling of geospatial data, allowing operations like spatial joins, intersec-

tions, and overlay. 

SciPy 
Provides functions for scientific computing, including statistical analysis, interpola-

tion, optimization, and more. 

scikit-learn 
Provides simple and efficient tools for predictive data analysis, useful for machine 

learning applications like climate prediction. 

tensorflow 
An open-source platform for machine learning, allowing complex models to be built, 

trained, and used for predictions. 

Source: own elaboration 

This course is designed to be accessible to students with no prior pro-

gramming experience, emphasizing a learning-by-doing approach. The 

course incorporates a blend of lectures, interactive exercises, and pro-

jects to ensure students gain a practical understanding of concepts. By 

the end of the course, students not only gain a solid foundation in climate 

data analysis, but also complete several projects demonstrating their 

newly-acquired abilities. This focus on accessibility and practical learn-

ing underscores the course's significance in providing a pathway for stu-

dents to engage with the critical issue of climate change in a meaningful 

and impactful way (Chao et al., 2019; Lee, H., & Holme, T., 2011). 

2. OBJECTIVES 

The objective section outlines the primary goals and expected outcomes 

of the course, emphasizing the importance of Python programming in 
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climate data analysis, and highlighting the impact it aims to have on stu-

dents and the broader field of climate change analysis. It underscores 

how the course aims to nurture a new generation of climate scientists 

and policymakers, ultimately contributing to our collective response to 

climate change (Waylen et al., 2015). 

2.1. LEARNING OBJECTIVES: MASTERING PYTHON FOR CLIMATE DATA 

ANALYSIS 

As climate change escalates, the role of technology in understanding its 

complexity becomes more crucial. At the crossroads of climate science 

and technology lies programming, an essential tool for climate data anal-

ysis. The ability to use programming languages like Python for data anal-

ysis provides the means to uncover trends, patterns, and insights from 

large and often complex datasets, offering a comprehensive understand-

ing of climate systems and enabling accurate predictions of future cli-

mate scenarios (Perez, F., & Granger, B. E., 2007; VanderPlas, J., 2016).  

Python, a versatile and powerful programming language, has emerged 

as a tool of choice for climate data analysis. Its simplicity and readabil-

ity, combined with a vast array of libraries specifically designed for data 

analysis such as pandas, numpy, and matplotlib, make it an ideal lan-

guage for students and researchers alike. These libraries simplify data 

manipulation, statistical analysis, and data visualization, making Python 

a robust tool for analyzing complex climate data.  

Python's open-source nature ensures a continuous evolution of its capa-

bilities, keeping it relevant and adaptable to the ever-growing needs of 

climate data analysis. The significance of programming in climate data 

analysis extends beyond the immediate benefits of data manipulation 

and insight generation.  

Table 2 includes the list of 6 major dataset libraries used in the course with 

a reference to the source institution and a brief description of their data. 
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TABLE 2. List of major climate change datasets, their source institutions, characteristics of 

the data and the skills applied in the course. 

Dataset Source Description Skills Applied 

GIS-
TEMP/HadCRUT 

NASA 
Hadley Centre 

Global and regional temperature da-
tasets showing long-term trends, sea-
sonal patterns, and temperature fluctu-

ations. 

Data visualization, trend 
analysis, Python pro-

gramming 

GPCP NOAA 
Detailed information on global precipi-
tation patterns, shifts, and extremes. 

Data visualization, trend 
analysis, statistical anal-
ysis, Python program-

ming 

Sea-level rise 
data 

NOAA 
Comprehensive datasets on global 

sea-level rise, directly related to global 
warming. 

Data visualization, trend 
analysis, understanding 
climate change impacts, 

Python programming 

CDIAC 
Department of  

Energy 

Archive of historical greenhouse gas 
emissions data showing relationship 

between human activities, greenhouse 
gas concentrations, and global warm-

ing. 

Data visualization, trend 
analysis, understanding 
climate change causes, 

Python programming 

Ice Core Data 
 (NOAA, 
NSIDC) 

Ice core records providing insights into 
past temperatures, greenhouse gas 

concentrations, and atmospheric partic-
ulates. 

Data visualization, un-
derstanding past climate 

change, Python pro-
gramming 

CMIP5/CMIP6 WCRP 
Climate model simulations offering po-
tential future climate scenarios under 

different emission scenarios. 

Data visualization, un-
derstanding future cli-

mate scenarios, Python 
programming 

Source: own elaboration 

Mastering these skills equips future climate analysts and scientists with 

the ability to handle large-scale datasets and complex computational 

problems, enhancing their contribution to climate science research and 

policy making. These skills provide students with a competitive edge in 

the job market, where the demand for technically proficient climate an-

alysts is rising. This section describes the importance of programming 

in climate data analysis and the benefits of Python in this crucial task. 

2.2. IMPACT GOALS: SHAPING STUDENTS AND INFLUENCING THE FIELD OF 

CLIMATE CHANGE ANALYSIS 

The Python-based course stands to make a profound impact on students 

by equipping them with essential skills for the 21st century. As students 
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learn to analyze climate data using Python, they gain not only technical 

competence but also a deeper understanding of climate science.  

These abilities transcend the classroom, preparing students for various 

career paths in environmental science, policy-making, research, and be-

yond. By applying their skills to real-world climate data, students can 

see firsthand the relevance and urgency of their work, fostering a sense 

of purpose and motivating continued learning. Figure 1 shows a section 

of a lab exercise that motivates students in the current topic of ice de-

pletion in the North Pole. 

FIGURE 1. Python analysis to estimate the rate of ice depletion in the North Pole throughout 

the last decades. 

 

Source: own elaboration 

Beyond individual students, the course can significantly contribute to 

the field of climate change analysis. By cultivating a new generation of 

skilled data analysts, the course can bolster research capacity in climate 

science, leading to more robust and comprehensive analyses of climate 

change impacts and mitigation strategies. Additionally, with more 

skilled analysts entering the field, we can expect a more diverse range 
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of perspectives and solutions, driving innovation in climate change re-

sponse strategies. 

The potential impact of this course extends to the larger fight against 

climate change. Knowledgeable and skilled individuals are essential to 

address the climate crisis, from conducting groundbreaking research to 

informing public policy, and from designing resilient infrastructures to 

educating the public about climate change realities. By empowering stu-

dents with critical data analysis skills and climate science knowledge, 

the course is helping to build the collective capacity needed to tackle 

climate change effectively (Cook et al., 2016). 

3. METHODOLOGY 

This section outlines the methodology deployed in the course designed 

to educate the future generation of climate data analysts. It describes the 

learning objectives, the hands-on approach to applying Python program-

ming, and the specific course layout that incorporates a blend of lectures, 

interactive exercises, and projects. The description underscores how 

these methods combine to provide a comprehensive and engaging learn-

ing experience for students, facilitating their understanding of Python 

libraries, machine learning techniques, and climate data analysis. 

3.1. COURSE CONTENT AND OBJECTIVES: PYTHON, LIBRARIES, AND MA-

CHINE LEARNING 

The cornerstone of the course lies in harnessing the power of Python, a 

universally accepted programming language, to explore climate data 

analysis. Python's approachable syntax, coupled with its comprehensive 

array of libraries, makes it a preferred choice for scientists and educators 

alike. By grounding the course in Python, we ensure that students learn 

a skillset that is not only beneficial for understanding climate change but 

also widely applicable across various scientific disciplines (Millman, K. 

J., & Aivazis, M., 2011).  

Central to the course are Python libraries like NumPy, pandas, and Mat-

plotlib, which simplify data manipulation, statistical analysis, and data 

visualization. These libraries act as powerful tools to examine and 
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interpret complex climate data. In addition, the course introduces stu-

dents to machine learning techniques that enable them to make accurate 

predictions about future climate scenarios. By familiarizing students 

with these tools, the course equips them to navigate and analyze vast 

arrays of climate data efficiently and accurately. Figure 2 illustrates the 

use of Python in a lab exercise applying signal processing techniques to 

highlight and identify sea temperature changes. 

FIGURE 2. Python analysis applying contrast limited adaptive histogram equalization to 

identify sea temperature changes. 

 

Source: own elaboration 

The course aims to bridge the gap between programming and climate 

science, enabling students to apply their programming skills directly to 

real-world climate issues. Whether analyzing temperature trends, visu-

alizing sea-level changes, or predicting the impacts of extreme weather 

events, students utilize Python and machine learning techniques to trans-

late abstract data into meaningful climate insights (VanderPlas, J., 2016; 

Hastie et al., 2009). 
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3.2. PRACTICAL APPLICATION: INTERACTING WITH CLIMATE DATA AND 

DATABASE EXPLORATION 

In learning complex concepts, particularly in data analysis and program-

ming, there is no substitute for hands-on practice. The course, therefore, 

prioritizes experiential learning, providing students with numerous op-

portunities to apply their newfound Python skills to real-world climate 

data. This practice serves to solidify their understanding, spark curiosity, 

and encourage exploration, ultimately promoting a deeper appreciation 

for the intersection of programming and climate science (Freeman et al., 

2014). Figure 3 illustrates the study of how sea surface temperature 

changes with latitude, and therefore the intrinsic effects of climate 

change in countries at different latitudes. 

FIGURE 3. Study of how sea surface temperature changes with latitude, and the intrinsic 

climate change effects in countries at different latitudes. 

 

Source: own elaboration 
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One of the key skills students will acquire is time series analysis, a cru-

cial method in interpreting climate data. By working with temporal cli-

mate data, students will learn how to discern trends, patterns, and anom-

alies in temperature, precipitation, and other climatic variables over 

time. These skills are essential for understanding past climate variations, 

assessing current changes, and predicting future scenarios under differ-

ent emission pathways.  

As part of their hands-on learning, students also work with a variety of 

climate databases, learning how to access, process, and analyze the val-

uable information they contain. This practice will not only familiarize 

students with the wealth of climate data available but also hone their 

abilities to sift through large databases, extract relevant information, and 

apply their Python skills to manipulate and visualize this data. This ob-

jective elaborates on key elements of the course, emphasizing the im-

portance of active, hands-on learning in fostering proficient and confi-

dent climate data analysts (Ramachandran et al., 2016).  

3.3. COURSE LAYOUT: INTEGRATING LECTURES, INTERACTIVE EXER-

CISES, AND PROJECTS 

The structure of this course is carefully designed to engage students 

through a diversity of learning modalities. Acknowledging that students 

have different learning styles, and that effective learning often requires 

a multi-faceted approach, the course combines lectures, interactive ex-

ercises, and hands-on projects. This blended format ensures that theo-

retical learning is always balanced with practical application, enhancing 

understanding and retention of the course content.  

Lectures form the backbone of the course, delivering the foundational 

knowledge that students need to understand the principles of climate 

change and the application of Python in climate data analysis. Through 

lectures, students gain exposure to key theories, models, and scientific 

findings. The lectures are designed to be interactive, stimulating discus-

sion and fostering a vibrant learning community among students. 

Complementing the lectures are interactive exercises that allow students 

to apply their learning immediately, testing and refining their Python 
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programming skills. These exercises are structured to build on the con-

tent of the lectures and provide practical experience in coding, data anal-

ysis, and problem-solving. Additionally, students undertake comprehen-

sive projects throughout the course, encouraging them to integrate and 

apply their learning in a meaningful context. These projects serve not 

only as a testament to their acquired skills but also as a portfolio that 

could support future academic or career pursuits (Farooq et al., 2020; 

Prinsloo et al., 2019; Sullivan et al., 2020). Figure 4 illustrates the prac-

tical study sea level anomalies in the Pacific Ocean, with its direct im-

pact of city planning in preparation for new tide levels. 

FIGURE 4. Study of sea level anomalies in the Pacific Ocean, and city planning in prepara-

tion for new tide levels. 

 

Source: own elaboration 

4. DISCUSSION 

This section discusses the transformative role of AI, specifically GPT-

4, in shaping both the design and delivery of the course. It examines how 

AI aids in creating in-depth lesson plans, engaging examples, and com-

prehensive assessments, in addition to facilitating explanations of pro-

gramming concepts and stimulating intellectual discourse. The potential 
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of AI to support students' learning process, through problem-solving 

guidance, comprehension of algorithmic logic, and debugging, is also 

addressed. Further, the ability of AI to enhance group project manage-

ment by fostering brainstorming sessions, organizing tasks, and tracking 

progress is examined in this section (Poldrack et al., 2023; Liu et al., 

2023). 

4.1. AI IN COURSE DESIGN: STRUCTURING LESSON PLANS, CREATING EN-

GAGING EXAMPLES, AND DEVELOPING ASSESSMENTS 

The capabilities of GPT-4 as an advanced AI language model hold great 

promise for education, and this potential is fully leveraged in the design 

of this course. GPT-4 aids in crafting extensive lesson plans, ensuring 

that each lesson aligns with specific learning outcomes and is pedagog-

ically sound. It can generate programming examples and exercises that 

are relevant and challenging, tailored to the content of each lesson and 

the overall objectives of the course. 

The dynamic examples generated by GPT-4 are not just fillers or add-

ons but are integral to the learning experience. They cater to a wide 

range of student abilities and interests, acting as springboards for further 

exploration. The examples are designed to be illustrative and engaging, 

providing real-life scenarios where the application of Python in climate 

change analysis is highlighted. These examples thus reinforce theoreti-

cal concepts and promote practical learning, serving to bridge the gap 

between classroom learning and real-world application (Clarke, L., & 

Svanaes, S., 2021). 

GPT-4 plays a crucial role in crafting assessments that measure student 

comprehension and advancement effectively. Formative assessments 

ensure ongoing feedback, allowing students to track their progress and 

identify areas of improvement, while summative assessments evaluate 

student's understanding at the end of specific learning modules. With its 

ability to generate diverse, context-specific questions and tasks, GPT-4 

helps to ensure that these assessments are robust, fair, and aligned with 

learning outcomes.  
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4.2. AI IN DELIVERY: ILLUSTRATING PROGRAMMING CONCEPTS, FOSTER-

ING DISCUSSION, AND PROVIDING FEEDBACK 

In delivering this course, GPT-4 plays a pivotal role in providing de-

tailed explanations of programming concepts, syntax, and best practices. 

With its capability to generate human-like text, GPT-4 creates engaging 

and accessible content that eases the learning curve for students, partic-

ularly those new to programming. It considers different learning paces 

and styles, making sure that each student can grasp the concepts at their 

own pace. 

Beyond simply providing content, GPT-4 serves to stimulate classroom 

discussions. It generates pertinent discussion prompts, encourages queries, 

and promotes collaborative critical thinking and problem-solving. It fos-

ters a dynamic learning environment where students can actively engage 

with the content and with each other. These discussions are key to deepen-

ing understanding and encouraging students to apply their knowledge to 

novel situations, thereby fostering innovation and creativity. 

GPT-4 supports students in coding exercises by providing instantaneous 

feedback. It pinpoints errors in students' code, recommends enhance-

ments, and offers guidance for code optimization. This real-time feed-

back is instrumental in helping students learn from their mistakes, un-

derstand the logic behind the correct code, and continuously improve 

their programming skills. The use of GPT-4 thus transforms the learning 

experience from a passive absorption of knowledge to an interactive pro-

cess of learning by doing.  

4.3. AI IN STUDENT LEARNING: SUPPORTING DEBUGGING, ENHANCING 

UNDERSTANDING OF ALGORITHMIC LOGIC, AND GUIDING PROBLEM-

SOLVING 

GPT-4 plays a key role in the process of student learning, particularly 

through providing real-time assistance in debugging. As students im-

merse themselves in programming exercises, they inevitably encounter 

challenges and make mistakes, and it is precisely through overcoming 

these hurdles that meaningful learning occurs. GPT-4 helps students in 

identifying and rectifying these coding errors, offering valuable advice 
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on debugging strategies. This facilitates not just the rectification of the 

error at hand, but the development of debugging skills that will serve 

students well in their future programming endeavors. 

GPT-4 aids in the understanding of algorithmic logic and flow. Com-

prehending the logic behind a piece of code or an algorithm can often 

be a daunting task for novices. GPT-4 assists in breaking down complex 

logic into understandable chunks, guiding students through the thought 

process behind coding solutions, and helping them make sense of how 

different components of a program interact with each other. This fosters 

a deeper understanding of programming concepts and enhances prob-

lem-solving skills. 

GPT-4 supports students in the problem-solving process. It steers stu-

dents towards devising and executing efficient solutions, while at the 

same time encouraging them to think critically and independently. It 

helps students frame problems, choose the most suitable approaches, 

and iteratively refine their solutions. GPT-4’s capabilities allow for a 

personalized and responsive learning experience, one that meets indi-

vidual learning needs and promotes active learning.  

4.4. AI IN GROUP PROJECT MANAGEMENT: FACILITATING BRAINSTORM-

ING, ORGANIZING TASKS, AND MONITORING PROGRESS 

In the realm of group project management, GPT-4 serves as a valuable 

tool for facilitating brainstorming sessions. The AI's capacity to generate 

creative and varied ideas allows it to contribute to the ideation process, 

spurring students to think beyond their initial ideas and challenge their 

assumptions. This results in a diverse pool of project themes, enabling 

students to choose a topic that aligns with their interests and offers po-

tential for significant exploration and discovery. 

GPT-4 also contributes to the efficient organization of tasks within the 

project. It can help students create a structured plan, defining specific 

tasks, assigning responsibilities, and setting deadlines. This fosters an 

orderly approach to the project, with clear roles and expectations, ensur-

ing that all group members know what they need to do and when they 

need to do it. With GPT-4's assistance, students can navigate the 
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complexities of group work more effectively and focus their energies on 

the substance of the project. 

GPT-4 plays an essential role in tracking the progress of the project. It 

can monitor the completion of tasks, reminding students of upcoming 

deadlines and helping to ensure that the project stays on track. This on-

going oversight helps groups maintain momentum and mitigates the risk 

of last-minute rush or overlooked tasks.  

5. RESULTS 

In this section, we describe the outcomes and broader implications of 

implementing our Python-based course in the realms of education and 

climate science. We examine how this course cultivates proficient cli-

mate data analysts, ready to contribute to the critical fields of climate 

science and environmental policy. The focus then shifts to evaluating 

the influence of integrating advanced AI, such as GPT-4, into educa-

tional and research landscapes. Here, we highlight the potential of AI to 

revolutionize the creation, delivery, and exploration of learning materi-

als, and its potential to set new standards in pedagogical practices and 

research methodologies (Gimpel et al., 2023). 

5.1. PREPARING STUDENTS FOR CLIMATE SCIENCE AND ENVIRONMENTAL 

POLICY WORK 

As the effects of climate change become increasingly evident, there is a 

growing demand for professionals skilled in climate science and envi-

ronmental policy. This course is designed to bridge the knowledge gap 

and prepare students for these roles by providing them with a compre-

hensive understanding of climate data and how to analyze it. Students 

gain a solid grounding in the field of climate science, understanding the 

drivers of climate change, its impacts, and the various mitigation and 

adaptation strategies in play. 

Beyond theoretical knowledge, the course equips students with practical 

skills in data analysis using Python. They learn how to handle large-

scale climate datasets, apply machine learning techniques for prediction, 

and perform time series analysis to uncover trends and patterns. These 
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hands-on skills are invaluable in the climate science sector, whether the 

students aim to contribute to climate research, work in climate-focused 

NGOs, or develop policy based on climate data. 

On the environmental policy front, understanding and interpreting cli-

mate data is equally critical. Policymakers need to comprehend the pro-

jections and potential impacts of climate change to develop effective 

strategies for mitigation and adaptation. By learning how to analyze cli-

mate data, students are better prepared to contribute to these efforts, 

whether through direct involvement in policy formulation or through re-

search that informs policy decisions.  

5.2. ANALYZING THE INFLUENCE OF GPT-4 INTEGRATION INTO PEDAGOG-

ICAL AND RESEARCH PRACTICES 

The integration of advanced AI models like GPT-4 into the classroom 

environment indicates a transformative shift in education and research. 

As demonstrated in this Python-based climate change course, GPT-4 not 

only assists educators in the comprehensive course design but also aug-

ments instructional delivery and student learning. The use of AI has the 

potential to democratize education, making high-quality, personalized 

learning experiences more accessible to students everywhere, regardless 

of their location, background, or prior experience. 

GPT-4's role extends beyond mere instructional support. It provides an 

engaging and interactive learning experience, stimulating discussions, 

providing instant feedback, and assisting with problem-solving and 

comprehension of complex concepts. GPT-4 plays a vital role in group 

project management, fostering collaboration, task organization, and pro-

gress tracking. These applications not only enhance the learning experi-

ence but also prepare students for the collaborative, technologically ad-

vanced workplaces of the future. 

The successful incorporation of GPT-4 in this course points to new ho-

rizons for its usage in other areas of education and research. While this 

project focuses on climate data analysis, similar methodologies could be 

employed for a wide array of subjects.  
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6. CONCLUSION 

We have explored the urgency of climate change and the rising demand 

for climate data analysis skills. The carefully designed course, encapsu-

lating Python programming, relevant libraries, machine learning, and 

hands-on learning with climate data, provides students a unique, inter-

active, and comprehensive learning experience. 

The novel integration of GPT-4 into the course design and delivery sig-

nificantly enhances both teaching and learning processes. It aids in craft-

ing lessons, providing real-time code feedback, and facilitating effective 

group project management, effectively preparing students for an in-

creasingly digital, collaborative, and data-centric world. 

This approach has significant implications for both education and the 

field of climate science. It serves as a critical stepping-stone for students 

to enter the burgeoning fields of climate science and environmental pol-

icy and also opens new avenues for integrating AI into other areas of 

education and research. 

Looking forward, this course holds potential for enhancement and de-

velopment. There are ample opportunities for course refinement, ex-

panding to cover new climate-related themes, and leveraging more ad-

vanced AI models for comprehensive instruction. This model could be 

replicated in other areas of science education, paving the way for a fu-

ture where technology and AI are integral parts of learning. 

7. ACKNNOLEDGMENTS AND SUPPORT 

The Basque Government funded this research with grant number 

IT1685-22. 

8. REFERENCES 

Chao, J., Parker, E., Fontaine, J., & Bae, C. (2019). Integrating Computational 

Thinking into High School Science Curriculums: A Closer Look at 

Implementation and Outcomes. Journal of Computer Science 

Integration, 2(1), 1-29. https://doi.org/10.26716/jcsi.2019.02.1.1 



‒ 308 ‒ 

Church, J. A., & White, N. J. (2006). A 20th century acceleration in global sea-

level rise. Geophysical Research Letters, 33(1). 

https://doi.org/10.1029/2005GL024826 

Clarke, L., & Svanaes, S. (2021). Artificial intelligence in education: promises, 

implications and challenges. Learning, Media and Technology, 46(1), 1-

6. DOI: 10.1080/17439884.2021.1877041 

Cook, J., Oreskes, N., Doran, P. T., Anderegg, W. R. L., Verheggen, B., Maibach, 

E. W., Carlton, J. S., Lewandowsky, S., Skuce, A. G., Green, S. A., 

Nuccitelli, D., Jacobs, P., Richardson, M., Winkler, B., Painting, R., & 

Rice, K. (2016). Consensus on consensus: a synthesis of consensus 

estimates on human-caused global warming. Environmental Research 

Letters, 11(4). https://doi.org/10.1088/1748-9326/11/4/048002 

Coumou, D., & Rahmstorf, S. (2012). A decade of weather extremes. Nature 

Climate Change, 2(7), 491–496. https://doi.org/10.1038/nclimate1452 

Farooq, M. S., Rathore, M. M., & ul Islam, M. (2020). Teaching programming 

through game-based learning: A systematic literature review. Journal of 

Computer Assisted Learning, 36(6), 789–812. DOI: 10.1111/jcal.12435 

Freeman, S., Eddy, S. L., McDonough, M., Smith, M. K., Okoroafor, N., Jordt, 

H., & Wenderoth, M. P. (2014). Active learning increases student 

performance in science, engineering, and mathematics. Proceedings of 

the National Academy of Sciences, 111(23), 8410-8415. DOI: 

10.1073/pnas.1319030111 

Gimpel, H., Hall, K., Decker, S., Eymann, T., Lämmermann, L., Mädche, A., & 

Vandrik, S. (2023). Unlocking the power of generative AI models and 

systems such as GPT-4 and ChatGPT for higher education: A guide for 

students and lecturers (No. 02-2023). Hohenheim Discussion Papers in 

Business, Economics and Social Sciences. 

DOI:10.13140/RG.2.2.20710.09287/2 

Hansen, J., Sato, M., & Ruedy, R. (2012). Perception of climate change. 

Proceedings of the National Academy of Sciences, 109(37), E2415–

E2423. https://doi.org/10.1073/pnas.1205276109 

Hastie, T., Tibshirani, R., & Friedman, J. (2009). The Elements of Statistical 

Learning: Data Mining, Inference, and Prediction. Springer Series in 

Statistics. DOI: 10.1007/978-0-387-84858-7 

Hawkins, E., Ortega, P., Suckling, E., Schurer, A., Hegerl, G., Jones, P., Joshi, 

M., Osborn, T. J., Masson-Delmotte, V., Mignot, J., Thorne, P., & van 

Oldenborgh, G. J. (2017). Estimating changes in global temperature since 

the pre-industrial period. Bulletin of the American Meteorological 

Society, 98(9), 1841–1856. https://doi.org/10.1175/BAMS-D-16-0007.1 



‒ 309 ‒ 

Lee, H., & Holme, T. (2011). Comparison of a low-tech and high-tech version of 

project-based instruction on student content knowledge in an 

undergraduate science, technology, and society course. Journal of 

College Science Teaching, 40(5), 92-98. 

https://doi.org/10.2505/4/jcst11_040_05_92 

Liu, Y., Han, T., Ma, S., Zhang, J., Yang, Y., Tian, J., ... & Ge, B. (2023). 

Summary of chatgpt/gpt-4 research and perspective towards the future of 

large language models. arXiv preprint arXiv:2304.01852. 

https://doi.org/10.48550/arXiv.2304.01852. 

Marlon, J. R., Howe, P. D., Mildenberger, M., Leiserowitz, A., & Wang, X. 

(2021). Yale Climate Opinion Maps 2020. Nature Climate Change, 11(3), 

194–202. https://doi.org/10.1038/s41558-021-00987-6 

Millman, K. J., & Aivazis, M. (2011). Python for Scientists and Engineers. 

Computing in Science & Engineering, 13(2), 9-12. 

https://doi.org/10.1109/MCSE.2011.36 

Nangia, U., Karlsson, J., Mörtberg, U., & Olofsson, B. (2018). Teaching Climate 

Change Using System Dynamics Software Tools: A Course Module for 

High School Teachers. Journal of Geoscience Education, 66(3), 192-205. 

https://doi.org/10.1080/10899995.2018.1453861 

Pachauri, R. K., Allen, M. R., Barros, V. R., Broome, J., Cramer, W., Christ, R., 

& Dubash, N. K. (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. IPCC. 

https://www.ipcc.ch/report/ar5/syr/ 

Parmesan, C., & Yohe, G. (2003). A globally coherent fingerprint of climate 

change impacts across natural systems. Nature, 421(6918), 37–42. 

https://doi.org/10.1038/nature01286 

Perez, F., & Granger, B. E. (2007). IPython: A System for Interactive Scientific 

Computing. Computing in Science & Engineering, 9(3), 21–29. 

https://doi.org/10.1109/MCSE.2007.53 

Poldrack, R. A., Lu, T., & Beguš, G. (2023). AI-assisted coding: Experiments 

with GPT-4. arXiv preprint arXiv:2304.13187. 

https://doi.org/10.48550/arXiv.2304.13187. 

Prinsloo, P., Archer, E., Barnes, G., Chetty, Y., & Van Zyl, D. (2019). Big(ger) 

data as better data in open distance learning. International Review of 

Research in Open and Distance Learning, 20(1), 214-230. DOI: 

10.19173/irrodl.v20i1.3838 

Ramachandran, R., Movva, S., & Li, X. (2016). Data science and prediction. 

Journal of Computational Science Education, 7(1), 3-14. DOI: 

10.22369/issn.2153-4136/7/1/1 



‒ 310 ‒ 

Stocker, T. F., Qin, D., Plattner, G.-K., Tignor, M., Allen, S. K., Boschung, J., & 

Midgley, P. M. (2013). Climate change 2013: The physical science basis. 

Intergovernmental Panel on Climate Change, Working Group I 

Contribution to the IPCC Fifth Assessment Report (AR5). New York: 

Cambridge University Press. https://doi.org/10.1017/CBO9781107415324 

Sullivan, G. M., Feinn, R., Cramer, J. S., & CI, J. S. (2020). Data science: 

Changing the future of medical education. Medical Education, 54(1), 30–

35. DOI: 10.1111/medu.14021 

VanderPlas, J. (2016). Python Data Science Handbook: Essential Tools for 

Working with Data. O'Reilly Media. 

https://www.oreilly.com/library/view/python-data-

science/9781491912126/ 

Watts, N., Amann, M., Arnell, N., Ayeb-Karlsson, S., Belesova, K., Boykoff, M., 

& Montgomery, H. (2019). The 2019 report of The Lancet Countdown 

on health and climate change: ensuring that the health of a child born 

today is not defined by a changing climate. The Lancet, 394(10211), 1836-

1878. https://doi.org/10.1016/S0140-6736(19)32596-6 

Waylen, K., Blackstock, K., & Holstead, K. (2015). How does legacy create 

sticking points for environmental management? Insights from challenges 

to implementation of the ecosystem approach. Landscape and Urban 

Planning, 138, 155-166. https://doi.org/10.1016/j.landurbplan.2015.02.008 

  


