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Global warming has emerged as one of the most pressing challenges of the 21st century, with 

carbon dioxide (CO₂) often identified as the primary driver due to its heat-trapping capabilities. 

However, the dominance of carbon-centric narratives has overshadowed other potentially sig-

nificant contributors such as methane, nitrous oxide, water vapor, aerosols, land-use change, 

and systemic feedback loops. This hypothesis article explores whether carbon is truly the main 

culprit behind global warming or if it is a proxy for a more complex web of factors. Through a 

multidisciplinary lens, it assesses scientific evidence, policy influence, climate modeling, and 

emerging research to question carbon's centrality. The article does not deny carbon's role but 

posits that focusing too narrowly on CO₂ may hinder comprehensive climate action. By 

re-evaluating the relative contributions of different forcings and amplifiers of warming, this 

analysis seeks to refine our understanding of climate dynamics and inform more holistic miti-

gation strategies that reflect the interconnected nature of Earth’s systems. 
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Introduction 

ARBON dioxide has long stood at the center of climate 

change discourse. Since the industrial revolution, hu-

man activities—especially the burning of coal, oil, and 

natural gas—have dramatically increased atmospheric CO₂ lev-

els, rising from about 280 parts per million (ppm) in 

pre-industrial times to over 420 ppm today (Babin et al., 2021). 

CO₂ is considered a well-mixed greenhouse gas, meaning it 

spreads uniformly in the atmosphere, trapping heat and increas-

ing Earth’s surface temperature. The Intergovernmental Panel on 

Climate Change (IPCC) and related scientific bodies have con-

sistently reinforced CO₂’s role through comprehensive assess-

ment reports and climate models (Kweku et al., 2018). 

International agreements such as the Kyoto Protocol and 

the Paris Agreement have further cemented CO₂'s role as the 

cornerstone of mitigation strategies (Friedlingstein et al., 2022). 

These agreements primarily target reductions in CO₂ emissions, 

often measured through national inventories and carbon budgets. 

CO₂’s prominence is partly due to the feasibility of quantifying 

and regulating it in economic and legal frameworks (Krueger et 

al., 2023). However, this approach, while practical, raises the 
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question: Is carbon truly the main culprit, or is it a convenient 

metric for complex climate dynamics? Understanding the un-

derlying assumptions behind policy decisions can illuminate the 

limitations of a carbon-dominated framework. 

Greenhouse Gases: Beyond Carbon Dioxide 
Although CO₂ is the most abundant anthropogenic greenhouse 

gas by volume, other gases such as methane (CH₄), nitrous ox-

ide (N₂O), and fluorinated gases have a significantly higher 

global warming potential (GWP) (Kweku et al., 2018). Methane, 

for instance, is approximately 84 times more potent than CO₂ 

over a 20-year period and 28–36 times over a 100-year horizon. 

This makes methane critically important in the short-term fight 

against climate change. 

Methane emissions come from diverse sources including 

agriculture (mainly ruminant livestock like cows), landfills, 

natural gas leaks, and thawing permafrost (Papakonstantinou et 

al., 2024). Nitrous oxide, another potent GHG with a 100-year 

GWP of about 298 times that of CO₂, primarily arises from the 

use of nitrogen-based fertilizers in industrial agriculture and 

fossil fuel combustion (Fagodiya et al., 2017). Fluorinated gas-

es—used in refrigeration, air conditioning, and manufactur-

ing—may have GWPs in the thousands and linger in the atmos-

phere for centuries. 

Despite these gases’ potency, global climate policy has 

disproportionately emphasized CO₂ (Cohen-Shields et al., 2023). 

This focus may skew the perception of which interventions are 

most impactful, particularly in sectors like agriculture and waste 

management, where methane and N₂O dominate. By broadening 

the scope to include all major greenhouse gases, policymakers 

can design more effective and equitable mitigation strategies. 

The Role of Water Vapor and Feedback Loops 
Water vapor is the most abundant greenhouse gas in the atmos-

phere, contributing significantly more to the natural greenhouse 

effect than CO₂ (Ricaud et al., 2013). However, it is typically 

treated as feedback rather than forcing in climate science. As 

global temperatures rise—often attributed to CO₂—more water 

evaporates, increasing atmospheric water vapor, which then 

amplifies warming through a positive feedback loop. 

This dynamic complicates attribution. If CO₂ is the trigger 

that increases water vapor, which in turn amplifies the effect, 

then isolating CO₂’s sole impact becomes challenging (Chung et 

al., 2014). Additionally, regional variations in humidity, cloud 

formation, and precipitation patterns further obscure the feed-

back effects. Some studies suggest that cloud feedbacks alone 

could account for a wide range of uncertainties in projected 

warming. Ignoring or minimizing water vapor’s role may exag-

gerate carbon’s singular importance and fail to capture the full 

scope of climate forcings. 

Aerosols and Albedo: The Cooling Counter-
forces 
Aerosols are tiny particles or droplets suspended in the atmos-

phere, many of which originate from industrial pollution, vol-

canic eruptions, or biomass burning (Fahey et al., 2017). Unlike 

greenhouse gases, aerosols have a net cooling effect on the 

Earth’s climate by increasing the reflection (albedo) of solar 

radiation back into space. Sulfate aerosols, in particular, are 

known to form reflective clouds that reduce incoming solar ra-

diation (Chlek & Coakley, 1974). 

The mid-20th century experienced a global temperature 

plateau or even cooling trend despite rising CO₂ levels, partly 

due to increased aerosol emissions from post-war industrializa-

tion (Zhang, 2020). This phenomenon highlights the importance 

of considering multiple concurrent climate forcings. When poli-

cies like the Clean Air Act reduced aerosol pollution, the mask-

ing effect lessened, allowing greenhouse warming to become 

more pronounced. 

Aerosol-cloud interactions are still not fully understood 

and represent one of the largest uncertainties in climate model-

ing (Bauer et al., 2022). Yet, their ability to temporarily offset 

warming underscores the danger of attributing all observed 

temperature changes solely to carbon. Some geoengineering 

proposals even consider the deliberate introduction of aerosols 

to counteract warming, though these raise ethical and environ-

mental concerns. 

Land-Use Change and Deforestation 
Land-use changes—including deforestation, reforestation, ur-

banization, and agricultural expansion—have both direct and 

indirect effects on climate. Deforestation releases stored carbon 

in biomass and soils, contributing to atmospheric CO₂ levels 

(Taylor, 1997). However, the climatic effects of land-use change 

extend beyond carbon emissions. 

Changing land cover alters surface albedo (reflectivity), 

evapotranspiration rates, and soil moisture levels. Urban areas, 

with their dark, heat-absorbing surfaces, tend to create local heat 

islands (Pitman & Noblet‐Ducoudré, 2011). Conversely, de-

forestation in tropical regions reduces rainfall and cloud cover, 

potentially shifting climate zones. These biophysical effects may 

rival or exceed the impact of carbon emissions in certain con-

texts. Yet, land-use change is often relegated to a secondary role 

in climate discourse. Reforestation and agroforestry can act as 

potent carbon sinks while improving biodiversity and water 

retention, offering a multidimensional solution. 

Ocean Dynamics and the Carbon Cycle 
The world’s oceans are a central component of the global cli-

mate system, absorbing approximately 25–30% of anthropogen-

ic CO₂ emissions annually (Stammer et al., 2019). This process 

mitigates atmospheric warming but has limits. Oceanic absorp-

tion efficiency decreases with temperature, salinity, and acidifi-

cation. As surface waters warm, stratification increases, reduc-

ing mixing and CO₂ uptake from deeper, colder waters. 

Furthermore, the oceans store and redistribute heat 

through currents such as the Atlantic Meridional Overturning 

Circulation (AMOC) (DeVries et al., 2017). Disruptions to 

AMOC or El Niño-Southern Oscillation (ENSO) cycles can lead 

to abrupt regional or global climate shifts. Ocean outgassing of 

CO₂ during warming periods may further amplify atmospheric 

concentrations (Lynch‐Stieglitz, 2016). Ocean acidification, 

driven by CO₂ absorption, also affects marine life and biochem-

ical cycles, introducing feedback loops that reinforce climate 

change. Therefore, understanding ocean dynamics is crucial for 

any realistic appraisal of carbon’s role. 
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Climate Modeling and Attribution Science 
Climate models are mathematical simulations used to under-

stand and predict the Earth’s climate system (Manabe, 2019). 

These models typically incorporate radiative forcings like CO₂ 

concentration, solar radiation, volcanic activity, and land-use 

change. While CO₂ is a reliable and quantifiable input, the in-

clusion of other variables—like aerosols, water vapor, and ocean 

feedbacks—remains limited or uncertain. 

Model calibration often involves fitting historical temper-

ature data using known forcings, which can introduce circular 

reasoning if CO₂ is disproportionately emphasized (Vasiliades & 

Mastraftsis, 2023). For example, some models underperform 

when forced with only CO₂ but perform well when other varia-

bles are added, suggesting that carbon’s explanatory power may 

be overstated (Held & Soden, 2000). Advances in attribution 

science now aim to disentangle overlapping signals from multi-

ple forcings, but the uncertainties remain high. Incorporating 

emerging data from satellite measurements and machine learn-

ing may improve the granularity and accuracy of models. 

The Influence of Policy and Economic Inter-
ests 
Carbon’s prominence in the climate narrative aligns with global 

regulatory and market systems. The concept of a “carbon 

budget” simplifies complex climate dynamics into an economic 

metric (Paterson & P‐Laberge, 2018). This approach has ena-

bled the development of tools such as carbon pricing, emissions 

trading systems (ETS), and cap-and-trade schemes. These 

mechanisms provide clear economic incentives but may also 

narrow the scope of climate action. 

Major industries, including fossil fuels and finance, have 

adapted to the carbon-centric model by investing in offsets, car-

bon capture technologies, and greenwashing strategies (Stavins, 

2008). This commodification creates a political and financial 

ecosystem resistant to alternative narratives. A broader recogni-

tion of other climate drivers could disrupt these established sys-

tems, creating resistance even within the scientific community. 

Public narratives also shape funding priorities and research 

agendas, which can perpetuate the carbon-dominant paradigm. 

Emerging Research and Paradigm Shifts 
New research increasingly points to a multifactorial climate 

system. Studies have examined solar variability, cosmic ray flux, 

geomagnetic activity, and tectonic influences on long-term cli-

mate trends (Cronin et al., 2018). While none of these factors 

fully explain current warming patterns, their inclusion compli-

cates the idea of a linear, carbon-dominated narrative. 

Interdisciplinary approaches that combine atmospheric 

science, oceanography, ecology, and biogeochemistry are begin-

ning to paint a more holistic picture. For instance, Earth system 

models now attempt to integrate feedbacks from permafrost 

melting, methane clathrates, and forest-climate interactions 

(Bonan & Doney, 2018). These approaches point out the im-

portance of systems thinking rather than reductionist models 

focused solely on carbon. The role of emergent technolo-

gies—like advanced satellite monitoring and high-resolution 

climate modeling—may accelerate paradigm shifts in climate 

science. 

Conclusion: Rethinking Carbon's Centrality 
Carbon dioxide is undeniably a key player in anthropogenic 

climate change. However, its elevation to the status of primary 

villain may oversimplify a multifactorial phenomenon. The hy-

pothesis proposed here is not to exonerate carbon but to question 

whether its dominance in climate discourse and policy truly 

reflects its proportional impact. By expanding our analytical 

frameworks and embracing a broader spectrum of climate 

forcings—such as methane, nitrous oxide, aerosols, land-use 

change, and ocean dynamics—we can develop more nuanced 

and effective mitigation strategies. A diversified understanding 

of global warming—one that sees carbon not as the sole cause 

but as part of a complex systemic interaction—may better equip 

humanity to navigate the uncertain future of a changing planet. 

Embracing scientific humility and integrative thinking will be 

essential in developing policies and technologies that are both 

adaptive and resilient in the face of climate complexity.■ 
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