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Abstract

In the global context of addressing climate change, carbon neutrality has be-
come a common goal for countries worldwide. Carbon neutrality is not only a
key measure for achieving sustainable development but also an important
pathway for reducing greenhouse gas emissions and combating climate
change. However, the current curriculum content and teaching methods in
pollution meteorology do not adequately reflect the latest requirements and
developments related to carbon neutrality, making curriculum reform partic-
ularly urgent. This study aims to explore curriculum reform in pollution me-
teorology based on the goal of carbon neutrality. By adjusting curriculum
content, innovating teaching methods, and strengthening faculty training, the
study seeks to enhance students’ mastery and application of knowledge re-
lated to carbon neutrality and pollution meteorology. The expected outcomes
include the development of a curriculum framework that aligns more closely
with carbon neutrality goals and the creation of an effective teaching and
evaluation system, thereby cultivating atmospheric science professionals with
foresight and practical skills.
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Keywords
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1. Introduction

Carbon neutrality, which entails achieving net-zero emissions of carbon dioxide
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and other greenhouse gases by reducing carbon emissions and increasing carbon
sinks, is a crucial global strategy to combat climate change [1]. As global climate
change issues become increasingly severe, countries around the world are setting
carbon neutrality goals to mitigate global warming [2]. In September 2020, Chi-
na also committed to achieving carbon neutrality by 2060 [3]. The vision of the
carbon peaking and carbon neutrality goals elevates China’s green development
to a new height and becomes the core theme of China’s high-quality economic
and social development for the coming decades. The 14y Five-Year Plan expli-
citly incorporates the carbon peaking and carbon neutrality goals into the overall
layout of ecological civilization construction. As a pivotal stride towards sus-
tainable development, achieving carbon neutrality holds profound significance
for curbing global warming and safeguarding the ecological environment.

Pollution meteorology, which studies the transport, dispersion, transforma-
tion, and deposition of atmospheric pollutants under various meteorological
conditions, plays a crucial role in understanding and addressing environmental
pollution issues. Its research scope is extensive, encompassing the generation
and emission of pollutants, the impact of meteorological conditions on pollutant
dispersion, the environmental behavior of pollutants, and corresponding pre-
vention and control measures. Pollution meteorology holds significant impor-
tance not only in academic research but also in environmental management and
policy-making.

Currently, with the increasing severity of global climate change and environ-
mental pollution issues, the importance of pollution meteorology is becoming
more prominent. The goal of carbon neutrality, which involves achieving net-zero
emissions of greenhouse gases by reducing carbon emissions and increasing
carbon sinks, closely links pollution meteorology with efforts to combat climate
change. Achieving carbon neutrality requires a deeper understanding of the be-
havior and impact of atmospheric pollutants, especially greenhouse gases like
carbon dioxide [4]. Research findings in pollution meteorology can provide
scientific evidence and technical support for achieving carbon neutrality.

However, traditional pollution meteorology courses are heavily focused on
theoretical knowledge and lack a strong connection to carbon neutrality goals,
with relatively weak practical teaching components. This limitation in course
design results in students being inadequately prepared to address new environ-
mental challenges. Therefore, it is necessary to update and expand pollution
meteorology courses to better meet current and future environmental protection
needs.

It is clear that the imperative to reform pollution meteorology courses is dri-
ven by the goal of achieving carbon neutrality. Curriculum reform is crucial for
enhancing knowledge application and improving teaching practices to meet
current and future environmental protection needs [5]. It also prevents overly
test-focused teaching, fostering comprehensive student development [6]. By in-
corporating carbon neutrality-related content, strengthening practical teaching,

and promoting interdisciplinary integration, the courses can better align with
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contemporary developments and cultivate environmental protection profession-
als with advanced knowledge and practical skills, the article structure is shown in
Figure 1. This study will explore how to systematically reform pollution mete-
orology courses in the context of carbon neutrality to enhance teaching quality
and students’ comprehensive abilities. This study reforms pollution meteorology
courses by integrating carbon neutrality theories, enhancing practical teaching,
promoting interdisciplinary approaches, and strengthening international coop-
eration to cultivate globally competent environmental and atmospheric profes-

sionals.
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Figure 1. The structure network diagram in this study.

2. The Necessity of Course Reform

In the context of achieving carbon neutrality, environmental requirements have
undergone significant changes [7]. First, the impact of carbon emissions on the
atmospheric environment cannot be ignored [8]. Massive carbon dioxide emis-
sions not only lead to global temperature rise but also significantly affect the
chemical composition of the atmosphere and meteorological conditions [9].
These changes further influence the processes of pollutant generation, disper-
sion, and deposition, increasing the complexity of atmospheric pollution con-

trol. Additionally, changes in meteorological factors such as temperature, hu-
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midity, wind speed, and precipitation directly impact the dispersion and trans-
formation of pollutants [10]. For instance, extreme weather conditions can ex-
acerbate the frequency and severity of pollution events [11]. Therefore, a com-
prehensive understanding of the relationship between carbon emissions and
changes in meteorological factors is crucial for effectively managing environ-
mental pollution.

However, the current pollution meteorology course content is significantly
disconnected from carbon neutrality goals. Traditional courses mainly focus on
the transmission of theoretical knowledge and lack attention to carbon neutrality
policies, carbon emission control technologies, and the latest research findings.
Additionally, the cultivation of practical application skills is relatively insuffi-
cient, leaving students without the comprehensive analysis and problem-solving
abilities needed to tackle complex environmental issues. The weak emphasis on
practical components in course design results in students often lacking adequate
practical experience and innovative thinking when facing real-world environ-
mental challenges.

Therefore, it is imperative to reform pollution meteorology courses to meet
the requirements of carbon neutrality goals. By updating course content to em-
phasize the interaction between carbon emission control and meteorological
conditions, strengthening practical teaching components, and enhancing stu-
dents’ practical application and innovation abilities, we can better train profes-
sionals who are equipped to meet future environmental protection and atmos-
pheric management needs. This is not only significant for achieving carbon neu-
trality goals but also provides strong support for addressing increasingly com-

plex environmental issues.

3. Objectives and Principles of Course Reform

The primary goal of reforming the pollution meteorology curriculum is to
closely align course content with carbon neutrality goals. By introducing the lat-
est carbon neutrality policies, technologies, and research findings, the aim is to
enable students to understand the impact of carbon emissions on the atmos-
pheric environment and the importance of carbon neutrality strategies. Simul-
taneously, the reform aims to significantly enhance students’ practical skills and
foster innovation awareness. This will be achieved by increasing laboratory ses-
sions, field investigations, and project-based learning opportunities so that stu-
dents not only grasp theoretical knowledge but also apply it in practical scena-
rios, thereby developing their abilities to solve environmental problems and
think innovatively.

To achieve these objectives, curriculum reform should adhere to principles of
integrating theory with practice, interdisciplinary collaboration, dynamic adjust-
ment, and continuous improvement. In curriculum design, emphasis should be
placed on the systematic and cutting-edge nature of theoretical knowledge, while

reinforcing practical teaching components to enable students to apply theoretical
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knowledge to real-world problem-solving. Carbon neutrality involves multiple
disciplines such as meteorology, environmental science, and management, thus
curriculum reform should focus on integrating interdisciplinary content to fos-
ter students’ comprehensive competencies and interdisciplinary thinking skills
[12].

By incorporating teaching resources and methods from multiple disciplines,
students can gain a more comprehensive understanding and effectively address
environmental issues. Given the rapid development of environmental science
and technology, curriculum content and teaching methods need to be dynami-
cally adjusted. Establishing mechanisms for continuous feedback, evaluating
curriculum effectiveness regularly, and promptly updating course content based
on the latest research findings and policy changes are crucial to ensuring the ad-
vanced and practical nature of teaching.

Guided by these goals and principles, reforming the pollution meteorology
curriculum will not only enhance students’ professional competence and prac-
tical skills but also cultivate more high-quality professionals capable of achieving
carbon neutrality goals and effectively addressing complex environmental chal-

lenges.

4. Adjustment of Course Content

4.1. Adjustment of Theoretical Content

To better align the pollution meteorology curriculum with the goals of carbon
neutrality, comprehensive adjustments are needed in the theoretical aspects.
Firstly, there should be an expansion of theoretical content related to carbon
neutrality, covering carbon emission mechanisms, carbon sink technologies,
carbon trading markets, and carbon neutrality policies. This will enable students
to gain a systematic understanding of various aspects of carbon neutrality.

Secondly, foundational theories in pollution meteorology should be reorga-
nized with a focus on highlighting the impact of carbon emissions on meteoro-
logical conditions and the dispersion of atmospheric pollutants. This restructur-
ing will help students establish connections between carbon neutrality and pol-
lution meteorology.

Additionally, the curriculum will incorporate interactive content on climate
change and pollutant dispersion. Detailed explanations of meteorological factors
such as temperature, humidity, and wind speed and their influence on the dis-
persion and transformation of pollutants will be emphasized. This approach
aims to provide students with a more comprehensive understanding of the dy-

namic processes of atmospheric pollution.

4.2. Enhancement of Practical Teaching

In the practical component, the course conducts carbon emission monitoring
training where students gain hands-on experience in carbon emission monitor-

ing methods and technologies through practical exercises. This aims to enhance
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their practical skills and data analysis capabilities. Practical training will involve
using portable and fixed monitoring devices for on-site sampling, data record-
ing, and analysis, as well as learning data processing and analysis techniques.
Additionally, the course may incorporate case studies in pollution meteorolo-
gy, focusing on selecting typical pollution incidents and carbon emission reduc-
tion cases from both domestic and international contexts. These case studies will
help students apply theoretical knowledge to real-world scenarios. Through case
analysis, students can learn from the experiences and practices of different
countries and regions in addressing atmospheric pollution and carbon emissions

issues.

4.3. Project-Based Learning and Cultivation of Innovation Skills

The course will design project-based learning experiences centered around car-
bon neutrality to encourage students to participate in practical projects related
to carbon emission control and reduction technologies. These projects aim to
cultivate innovation skills and problem-solving abilities among students. Exam-
ples of such projects could include community carbon footprint assessments and
emission reduction plan designs, planning and implementation of green energy
projects, and research on the application of carbon neutrality technologies in
specific industries.

Through participation in these practical projects, students will not only apply
their acquired knowledge to real-world issues, enhancing their overall compe-
tence and practical skills, but also develop teamwork and leadership abilities
throughout the project process. These practical experiences will significantly
enhance students’ ability to apply their learning in real-world contexts, making

them better equipped to tackle future environmental challenges effectively.

5. Innovation in Teaching Methods

5.1. Application of Interactive Teaching

To enhance teaching effectiveness and students’ learning experiences, the appli-
cation of interactive teaching will be a crucial strategy in the course reform.
Through group discussions and collaborative learning, students will deepen their
understanding of course content through mutual exchange, while fostering
teamwork and comprehensive problem-solving skills. Group discussions en-
courage students to share their insights and knowledge, collaboratively address-
ing complex environmental issues, thereby promoting deep learning and critical
thinking development. Additionally, instructors can design highly interactive
classroom activities such as role-playing, simulated decision-making scenarios,
and case studies. These activities allow students to apply their learning in simu-
lated real-life situations, enhancing their engagement and practical application
of knowledge.

To enhance teaching effectiveness and students’ learning experiences, interac-

tive teaching will be a critical strategy in the course reform. Through group dis-
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cussions and collaborative learning, students will deepen their understanding of
course content through mutual exchange, while developing teamwork and com-
prehensive problem-solving skills. Group discussions encourage students to
share their insights and knowledge, collaboratively addressing complex envi-
ronmental issues, thereby promoting deep learning and critical thinking devel-
opment. Moreover, instructors can design highly interactive classroom activities
such as role-playing, simulated decision-making exercises, and case studies.
These activities allow students to apply their learning in simulated real-world
scenarios, facilitating the practical application of acquired knowledge.

Field trips and laboratory experiments provide students with opportunities to
interact with real-world environments, observe, and analyze the interaction be-
tween pollution phenomena and meteorological factors. This not only enhances
students’ sensory perception but also improves their hands-on skills and ability
to collect and analyze data. For example, by visiting pollution sources and mon-
itoring stations, students can gain firsthand insights into the emission processes
of pollutants and monitoring technologies. Through field experiments, students
can actively operate sampling equipment, measure meteorological parameters,
and analyze pollutant dispersion patterns. In practical operations, students gain
a more intuitive understanding of theoretical knowledge and can apply it to

real-world situations, thereby enhancing learning outcomes.

5.2. Introduction of Information Technology in Teaching

The introduction of information technology is crucial for innovating teaching
methods. By leveraging big data and cloud computing technologies, instructors
can provide students with richer and more precise learning materials to help
them analyze and understand complex pollution meteorology data. For instance,
teachers can access and process real-time pollution monitoring data through big
data platforms, incorporating them into classroom teaching and student re-
search projects. Students can utilize this data for in-depth analysis, exploring
patterns and influencing factors of pollutant dispersion.

Developing an online learning platform allows students to engage in learning
anytime and anywhere, accessing a wide range of learning resources and interac-
tive opportunities. An online learning platform can offer video lectures, e-books,
interactive exercises, and online discussions, facilitating independent learning,
review, and consolidation for students. Teachers can conduct real-time teaching
and Q&A sessions through the online platform, enhancing interaction between
students and instructors and improving teaching effectiveness.

The application of virtual laboratories and simulation technologies will pro-
vide students with realistic experimental environments to simulate actual me-
teorological and pollution scenarios. This allows students to conduct experi-
mental operations and data analysis in a safe and controlled setting. For exam-
ple, virtual laboratories can simulate the dispersion process of atmospheric pol-
lutants, enabling students to observe the behavior characteristics of pollutants

under different meteorological conditions. Simulation technologies can recreate
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historical pollution events, aiding students in analyzing and evaluating the effec-
tiveness of pollution control measures. These information technology teaching
methods not only broaden students’ learning channels but also enhance the

flexibility and effectiveness of teaching.

5.3. Cultivation of Comprehensive Practical Skills

The combination of interactive teaching and information technology aims ulti-
mately to cultivate students’ comprehensive practical skills. Through diverse
teaching methods and rich practical components, students not only gain a solid
grasp of theoretical knowledge but also hone their ability to solve real-world
problems through practice. For example, courses can include project-based
practices based on real environmental issues, requiring students to apply their
knowledge to design and implement pollution control strategies, thereby foster-
ing their innovation and practical capabilities.

In addition, curriculum reform should also emphasize cultivating students’
interdisciplinary thinking and comprehensive analytical abilities. For example,
by introducing courses such as environmental economics, policy analysis, and
management science, students can gain a multidimensional understanding of
environmental issues and integrate knowledge from different fields for syste-
matic analysis and problem-solving. Encouraging students to participate in aca-
demic exchanges, research projects, and social practice activities helps enhance

their research capabilities and sense of social responsibility.

6. Faculty Training and Development

6.1. Diversified Faculty Team Development

To meet the needs of reforming the curriculum in pollution meteorology, it is
crucial to develop a diversified faculty team. By inviting experts from relevant
fields to give lectures at the university, teachers can stay updated on the latest
research trends and practical experiences in carbon neutrality. This enriches the
teaching content by providing valuable insights and guidance from these experts’
cutting-edge perspectives and practical experiences. For instance, inviting top
experts in fields such as carbon capture and storage (CCS), renewable energy,
and climate policy analysis can allow them to share their latest research findings
and practical experiences.

In addition, encouraging teachers to actively participate in carbon neutrali-
ty-related research projects is essential. This allows them to not only deepen
their expertise but also integrate research outcomes into teaching, thereby en-
hancing the academic rigor and practical relevance of the curriculum. For exam-
ple, teachers can engage in carbon emission monitoring and control projects
with local governments or businesses, or apply for national and international
research funding projects. By accumulating practical research experience, teach-
ers can bring this knowledge into the classroom. Through these activities, teach-
ers enrich themselves theoretically and gain practical experience, thus better

guiding students in their learning.
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6.2. Systematic Faculty Training

Faculty training is one of the key measures to improve teaching quality. Organiz-
ing regular teacher training sessions focuses on imparting new knowledge and
technologies in the fields of carbon neutrality and pollution meteorology to en-
hance teachers’ professional competence. For instance, inviting renowned scholars
and experts from both domestic and international arenas to conduct special lec-
tures and seminars covering various aspects such as carbon neutrality technolo-
gies, climate change science, and environmental policies. Additionally, organizing
online courses for teachers to utilize internet resources for self-improvement.

At the same time, providing opportunities for further education and ex-
change, encouraging teachers to participate in domestic and international aca-
demic conferences and training programs, and exchanging experiences and in-
sights with peers to learn advanced teaching methods and concepts. For exam-
ple, encouraging teachers to attend professional conferences such as the Interna-
tional Meteorological Society and Environmental Science Society for academic
exchange and collaborative research, broadening their perspectives and under-
standing international cutting-edge developments. Through these training and
exchange activities, teachers can continuously update their knowledge base, and
master the latest teaching methods, thereby enhancing their effectiveness in

teaching and fostering high-quality talents aligned with carbon neutrality goals.

6.3. Interdisciplinary and International Collaboration

Promoting interdisciplinary collaboration among teachers and fostering interna-
tional cooperation are also important pathways to enhance the level of teaching
staff. Achieving goals in pollution meteorology and carbon neutrality requires
knowledge and skills from multiple disciplines. Therefore, encouraging teachers
to collaborate with experts from other disciplines such as environmental engi-
neering, energy science, and economics to conduct interdisciplinary research
projects and design courses can facilitate the integration of knowledge across
disciplines.

At the same time, promoting collaboration and exchanges between teachers
and international institutions and universities to conduct joint research and
educational projects is also crucial. For instance, establishing partnerships with
renowned foreign universities and research institutions allows for mutual ex-
changes of teachers, co-organizing academic seminars, and conducting training
workshops. Through these international collaborations, teachers can not only
learn advanced practices and technologies from abroad but also incorporate an
international perspective into their teaching, thereby enhancing the internation-

al competitiveness and influence of their courses.

7. Assessment and Feedback Mechanisms
7.1. Student Learning Effectiveness Evaluation

To ensure the effectiveness of curriculum reform, establishing a comprehensive
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student learning effectiveness assessment mechanism is crucial. Firstly, through
various forms of assessment, it is possible to objectively measure students’ mas-
tery of course content and the development of their practical abilities. These as-
sessment forms include regular exams, project presentations, lab reports, and
classroom discussions. Exams can assess students’ understanding of theoretical
knowledge, while project presentations and lab reports evaluate their practical
skills and ability to apply knowledge comprehensively. Classroom discussions
and interactive sessions also serve as assessment tools to help teachers under-
stand students’ thought processes and problem-solving abilities. Furthermore,
by introducing online tests and feedback systems, teachers can monitor students’
learning progress and comprehension in real-time, providing timely persona-

lized guidance and support.

7.2. Course Satisfaction Surveys and Feedback

Conducting course satisfaction surveys to collect students’ feedback on course
content, teaching methods, and practical components is a crucial means to im-
prove teaching. Through anonymous questionnaires and group interviews,
teachers can comprehensively understand students’ evaluations and suggestions
regarding the course. This feedback helps teachers grasp students’ actual needs
and perceptions, enabling targeted improvements and optimizations in teaching.
For example, if students find certain theoretical knowledge difficult to under-
stand, teachers can adjust their teaching methods by increasing explanatory ex-
amples and interactive sessions. Similarly, if students are dissatisfied with the
arrangement of practical components, teachers can increase the number of expe-
riments or enhance experiment design. Regular collection and analysis of feed-
back ensure that course reforms achieve the desired outcomes and enhance

teaching quality.

7.3. Continuous Improvement and Dynamic Adjustment
Mechanism

The mechanism for continuous improvement is crucial for maintaining the ad-
vanced nature and adaptability of the curriculum. Establishing regular feedback
and adjustment systems involves holding regular teaching seminars, listening to
teachers’ and students’ opinions and suggestions, and promptly identifying and
resolving teaching issues. For example, teachers can organize teaching evaluation
meetings at the end of each semester, where they discuss the strengths and
weaknesses of the course based on student feedback and their own teaching ex-
periences, and propose improvement measures. Additionally, integrating the
latest research findings and policy changes, and continuously updating and op-
timizing course content ensures that it remains at the forefront of academia. For
instance, with the development of carbon neutrality technologies and policies,
course content should promptly reflect the latest research advancements and

policy directions, ensuring students grasp cutting-edge knowledge and skills.
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By dynamically adjusting course content and teaching methods, we ensure
that the curriculum stays abreast of the latest developments in societal needs and
carbon neutrality goals. For example, as new technologies are applied and new
policies are enacted, the curriculum should promptly incorporate relevant con-
tent and organize students for specialized learning and discussions. This ap-
proach not only maintains the curriculum’s cutting-edge and practical nature
but also continually enhances and improves it in practical teaching, providing

students with a superior educational experience.

8. Case Study

Analyzing successful course reform cases from domestic and international uni-
versities can provide valuable insights and references for the reform of pollution
meteorology courses. For instance, the Massachusetts Institute of Technology
(MIT) in the United States has integrated a carbon neutrality module into its en-
vironmental science curriculum, using real-life case studies to teach students
about the concept and application of carbon neutrality. Similarly, Imperial Col-
lege London in the United Kingdom fosters interdisciplinary project-based
learning to equip students with the ability to apply their knowledge to real-world
environmental issues. These institutions have implemented specific measures
such as thematic lectures, field visits, and project-based learning.

The outcomes have shown that students gain a deeper understanding of car-
bon neutrality by the end of the course, significantly enhancing their practical
skills and problem-solving abilities. In our curriculum design, we can draw les-
sons from these advanced cases to enhance course quality and improve students’
overall competence through well-designed curriculum structures and innovative
teaching methods.

In the subsequent phases of implementing reforms, the school can begin by
conducting a comprehensive assessment of the existing courses to identify areas
that need improvement. Following this assessment, the teaching team can inte-
grate relevant theories and practical applications related to carbon neutrality.
Collaborative agreements with businesses and research institutions can be estab-
lished to design practical projects. Specific measures for reform include enhanc-
ing carbon emission monitoring training courses, conducting case studies in
pollution meteorology, and involving students in real-world projects centered
around carbon neutrality.

Through continuous evaluation and adjustments, the aim is to drive ongoing
innovation and reform in pollution meteorology courses under the context of
carbon neutrality. This approach seeks to cultivate highly skilled professionals

who can contribute effectively towards achieving carbon neutrality goals.

9. Conclusions

Driven by the goal of carbon neutrality, the importance and urgency of reform-

ing the curriculum in pollution meteorology are self-evident. Traditional course
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content and teaching methods no longer meet the current demands for envi-
ronmental protection and sustainable development. There is an urgent need to
introduce theories related to carbon neutrality, enhance practical teaching me-
thods, and integrate interdisciplinary approaches to elevate the curriculum’s re-
levance and applicability. Through curriculum reform, it is anticipated that stu-
dents will not only gain a deep understanding of the relationship between car-
bon neutrality and atmospheric pollution control but also significantly improve
their practical skills and innovative thinking. This will empower them to contri-
bute wisdom and strength to future environmental governance efforts.

Future research directions should focus on continuously optimizing curricu-
lum content, exploring more effective teaching methods, promptly integrating
the latest scientific research findings and policy changes, and establishing dy-
namic feedback and adjustment mechanisms to ensure the curriculum remains
at the forefront of academic development. Additionally, it is recommended to
strengthen international exchanges and cooperation, draw lessons from global
best practices in teaching, and cultivate professionals in environmental protec-
tion and atmospheric environmental governance with a global perspective and
comprehensive competence.

To achieve these goals, the curriculum should incorporate key theories related
to carbon neutrality such as sustainability science, which integrates knowledge
from various disciplines to promote sustainable development, and ecological
modernization theory, which advocates for technological innovation and institu-
tional reforms to balance environmental protection and economic growth. Sys-
tems theory should be used to view environmental issues as part of a larger, in-
terconnected system, encouraging holistic thinking. Behavioral change theories
can help shape student attitudes and behaviors towards sustainability.

Practical teaching methods should include project-based learning, engaging
students in real-world projects related to carbon neutrality; service learning,
which combines community service with academic learning; experiential learn-
ing through direct experiences such as field trips and hands-on activities; and
simulation and role-playing to model complex systems and explore stakeholder
perspectives. Interdisciplinary approaches should integrate science, technology,
engineering, and mathematics (STEM) fields to solve carbon-related problems,
environmental humanities to explore cultural and ethical dimensions, policy and
economics to understand and influence carbon policies, and social sciences to
study human behaviors and societal impacts.

By combining these theories and methods, the curriculum can become more
dynamic and relevant, equipping students with the knowledge and skills needed

to make a tangible impact on environmental governance and sustainability.
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