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Abstract

CO, and methane are often portrayed as detrimental to Earth’s climate, yet emerging evidence highlights the positive role

these gases play in supporting life on Earth. Increased CO; levels are driving global greening, boosting agricultural productivity,

and enhancing biodiversity. Methane, while demonized, has a minuscule atmospheric concentration and short lifespan, rendering

its warming potential marginal when scaled against other gases like water vapor and CO,. Additionally, Earth’s climate system

is governed by an array of natural drivers that operate over millennia, including orbital cycles, solar activity, volcanic eruptions,

and ocean-atmosphere interactions. This article challenges alarmist narratives surrounding greenhouse gases, emphasizing their

ecological benefits and the importance of understanding natural climate drivers in crafting balanced policies.
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Introduction

CO, and methane have become central to the climate change
narrative, with international efforts to curb these gases often
ignoring their ecological benefits. Increased CO; levels contribute to
global greening, enhanced agricultural yields, and improved water-
use efficiency in plants [1,2]. Meanwhile, methane’s relatively low
atmospheric concentration and short-lived nature make its climate
impact negligible when compared to water vapor and CO, [3,4].
Furthermore, Earth’s climate is shaped by natural drivers such as
solar cycles, volcanic activity, and oceanic interactions that have
regulated temperatures for millennia [5,6]. This article critically
examines these factors, debunks misconceptions, and highlights
the unintended consequences of aggressive greenhouse gas

policies.

In addition to CO, and methane, other greenhouse gases such
as nitrous oxide (N,O) and water vapor also contribute to the
greenhouse effect. Although these gases are not the main focus of
this review, their roles in climate dynamics are noteworthy. N0,
for example, is a potent greenhouse gas with long atmospheric
longevity, while water vapor acts as a natural amplifier of warming
effects [43,44].

COZ:
Greening

The Lifeblood of Vegetation and Agriculture Global

Satellite data reveal that increased CO, levels have driven
significant global greening, with 25-50% of Earth’s vegetated areas
experiencing growth [7,8]. Key mechanisms include:
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 Enhanced Photosynthesis: CO, is a critical input for
photosynthesis. Elevated levels accelerate this process,

enabling plants to grow faster and larger [9,10].

¢ Improved Water-Use Efficiency: Higher CO, reduces plant
transpiration rates, allowing vegetation to thrive in arid and

semi-arid regions [11,12].

Empirical evidence

e  Satellite Observations: Zhu,, et al. (2016) reported greening

trends in sub-Saharan Africa, India, and the Amazon,

demonstrating the global impact of CO,, fertilization [8,13].

e Desert Reclamation: Elevated CO, has contributed to re-
greening semi-arid regions, such as the Sahel in Africa,
improving land productivity and combating desertification
[14].

CO; and agricultural productivity crop yields and food security

Higher CO, levels have substantial benefits for agricultural

systems

¢ Increased Crop Yields: Elevated CO, improves the growth

rates of staple crops like wheat, rice, and maize [15,16].

+ Better Resource Efficiency: Plants exposed to higher CO,
require fewer nutrients and water, reducing dependency on
synthetic fertilizers [17,18].

Meeting global food demand

Improved yields are critical for addressing food security as the
global population grows. The United Nations Food and Agriculture
Organization (UNFAO) reported significantincreases in global grain

production, attributed partly to the effects of rising CO, [19,20].

Methane: A Misunderstood gas contextualizing methane’s role

Methane (CH4) comprises only 1.9 ppm of the atmosphere, a
minuscule fraction compared to CO, (~420 ppm) and water vapor
(~10,000-40,000 ppm) [21,22]. Its key characteristics include:

e Short Lifespan: Methane naturally breaks down within a
decade, converting into CO, and water vapor [23,24].

e Overlapping Absorption Bands: Methane’s warming
potential diminishes due to overlap with water vapor’s

absorption spectrum [25,26].
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Natural drivers of climate change

Despite its lower atmospheric concentration, methane plays
a significant role in climate dynamics due to its higher global
warming potential compared to CO, over short timescales.
Methane emissions from natural sources such as wetlands, as
well as anthropogenic activities like agriculture and fossil fuel
extraction, require careful consideration in climate models and

policy discussions [45,46].

Policy implications
Methane policies, especially those targeting agricultural
emissions and fossil fuel extraction, must balance climate
objectives with economic and ecological considerations. While
reducing methane emissions could mitigate short-term warming, it
is essential to avoid unintended consequences, such as disruptions
to food systems and ecosystems reliant on livestock. This highlights
the need for comprehensive strategies that address both CO, and

methane in an integrated manner [47,48].

Debunking the alarmism

While methane traps more heat per molecule than CO,, its low
concentration and rapid breakdown significantly reduce its climate
impact. Targeting methane emissions, especially from livestock,
diverts attention from more significant climate drivers like water

vapor and solar cycles [27,28].

Biodiversity and ecosystem resilience
Elevated CO; levels support broader ecological health

e Forests: Enhanced tree growth increases carbon
sequestration, provides wildlife habitat, and contributes to

ecosystem stability [29,30].

e Grasslands and Wetlands: Increased CO, promotes plant
diversity, improving ecosystem resilience and supporting
herbivores [31,32].

+  Wildlife: Greater vegetation cover boosts food availability
and habitat quality, benefiting terrestrial and aquatic species
[33,34].

Natural drivers of climate change
Milankovitch cycles

Milankovitch Cycles describe long-term changes in Earth’s
orbit, tilt, and axial wobble that regulate glacial and interglacial
periods [35,36]:
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e  Eccentricity (100,000 years): Affects the shape of Earth’s

orbit and solar radiation distribution.

¢ Obliquity (41,000 years): Alters axial tilt, influencing

seasonal contrasts.

¢ Precession (26,000 years): Changes the timing of seasons

relative to Earth’s orbital position.

Solar activity and volcanism

e SolarActivity: The Sunis the primary energy source for Earth’s
climate. Variations in solar output, such as sunspot activity and

solar minimums, significantly impact temperatures [37,38].

¢ Volcanism: Volcanic eruptions release gases and aerosols that
can cool or warm the planet. For example, Mount Tambora’s
eruption in 1815 caused the “Year Without a Summer” [39,40].

Ocean-atmosphere interactions

Phenomena such as the El Nifio-Southern Oscillation (ENSO)
and thermohaline circulation redistribute heat globally, driving
regional climate variability independently of greenhouse gas

concentrations [41,42].

Policy implications

Unintended consequences of CO, reduction

¢ Food Security Risks: Lower CO, levels could reduce crop
yields, exacerbating global hunger [19,20].

¢ Ecosystem Trade-Offs: Policies to curb CO, may limit global

greening and biodiversity improvements [11,12].

A balanced approach

Efforts to address environmental challenges should:

*  Recognize the ecological and agricultural benefits of CO,.

¢ Focus on reducing pollutants without undermining natural

processes that sustain life.

Conclusion

CO; and methane are essential components of Earth’s climate
and biosphere. CO, drives global greening, enhances agricultural
productivity, and supports biodiversity, while methane’s role in
warming is exaggerated. Additionally, natural climate drivers
such as solar cycles, volcanic activity, and ocean-atmosphere

interactions play critical roles in shaping global temperatures.
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Alarmism around greenhouse gases risks undermining food
security, ecosystem resilience, and economic stability. A rational
approach to climate policy must acknowledge the complexity of
natural systems and prioritize solutions that protect both human

and environmental health.
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