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Abstract
Anthropogenic forcing refers to human induced changes to Earth’s 
energy balance, most notably through increased concentrations of 
greenhouse gases (GHGs), aerosols, land use changes, and other 
emissions that alter incoming and outgoing radiation. These forcings 
perturb the climate system, driving modern climate change beyond 
natural variability. This article summarizes fundamental mechanisms 
of anthropogenic forcing, its major drivers, and implications for 
climate change, supported by observational and modeling evidence. 
An understanding of anthropogenic forcing is vital for climate 
prediction, mitigation strategies, and policy development.

Keywords: Anthropogenic Forcing, Climate Change, Radiative 
Forcing, Greenhouse Gases, Aerosols, Energy Balance, IPCC

Anthropogenic Forcing: Human 
Driven Impacts on Earth’s 
Climate System
Ravi P Menon*
Centre for Climate Change Research, Indian Institute of Tropical Meteorology 
(IITM), Pune, India

*Corresponding author: Ravi P Menon, Centre for Climate Change 
Research, Indian Institute of Tropical Meteorology (IITM), Pune, India, E-mail: 
ravi.menon@iitm.res.in

Citation: Ravi PM (2025) Anthropogenic Forcing: Human Driven Impacts on 
Earth’s Climate System. J Mar Biol Oceanogr 13: 323

Received: 1-July-2025, Manuscript No. JMBO-26-187335; Editor assigned: 
4-July-2025, Pre-QC No. JMBO-26-187335 (PQ); Reviewed: 22-July-2025, 
QC No JMBO-26-187335; Revised: 25-July-2025, Manuscript No. JMBO-26-
187335 (R); Published: 31-July-2025, DOI: 10.4172/jmbo.1000323

Introduction
Anthropogenic forcing describes the influence of human activities 

on Earth’s climate system by altering the balance between incoming 
solar radiation and outgoing longwave radiation. In climate science, 
this influence is often quantified as radiative forcing — the change 
in net (downward minus upward) radiative flux (W m⁻²) at the 
tropopause due to changes in atmospheric composition or surface 
properties relative to a reference period, typically the pre‑industrial 
era (~1750) [1]. 

Human activities since the Industrial Revolution — primarily 
fossil fuel combustion, deforestation, land‑use change, and industrial 
emissions — have increased levels of well‑mixed greenhouse gases such 
as carbon dioxide (CO₂), methane (CH₄), and nitrous oxide (N₂O). 
These enhanced greenhouse gas concentrations trap more outgoing 
infrared radiation, creating a positive radiative forcing that warms 
the atmosphere. Simultaneously, anthropogenic aerosols and changes 
in land surface albedo can exert both cooling and warming effects, 
adding complexity to net anthropogenic forcing. Comprehensive 
assessments by the Intergovernmental Panel on Climate Change 

(IPCC) conclude that human‑driven forcings dominate recent climate 
change, far exceeding natural drivers such as solar and volcanic 
variability [2]. 

Anthropogenic Forcing: Mechanisms and Drivers

Radiative forcing (RF) is the metric used to compare the climate 
influence of different agents. RF quantifies how changes in atmospheric 
composition — including greenhouse gases, aerosols, and land 
surface changes — shift the energy balance of the planet. A positive 
forcing leads to warming, while a negative forcing leads to cooling.  
Greenhouse gases are the primary drivers of anthropogenic positive 
forcing. CO₂ is the dominant long‑lived greenhouse gas, increasing 
from ~280 ppm in pre‑industrial times to over 415 ppm today. Methane 
and nitrous oxide have also risen dramatically due to agriculture, waste 
management, and fossil fuel extraction, each contributing significantly 
to positive radiative forcing. The IPCC estimates that anthropogenic 
GHG increases have caused a cumulative radiative forcing of about 
+2.7 W m⁻² relative to 1750, most of which is attributed to CO₂ [3]. 

Anthropogenic aerosols tiny particles arising from combustion 
(e.g., sulfate, black carbon) and industrial processes affect climate 
by scattering and absorbing solar radiation and by modifying cloud 
properties. These effects can produce negative forcing (cooling) by 
increasing albedo, offsetting some greenhouse warming, or positive 
forcing in the case of absorptive particles like black carbon. Aerosol 
forcing is a significant source of uncertainty in climate projections 
due to spatial and temporal variability. Human changes in land cover 
deforestation, urbanization, agriculture alter Earth’s surface reflectivity 
(albedo). For example, clearing forests often increases albedo but 
reduces carbon storage, creating a complex net forcing effect. Some 
changes contribute to warming (lower albedo in dark vegetated areas), 
while others may cause cooling [4]. 

Natural forces such as variations in solar output and volcanic 
aerosols also drive climate variability. However, research shows that 
the decadal‑to‑century rate of increase in anthropogenic radiative 
forcing due to greenhouse gases far exceeds that of natural forcings 
over the last millennium. For example, the increase in CO₂ and 
associated radiative forcing in the 20th century is more rapid and 
larger in magnitude than solar variability over comparable periods. 

These contrasting roles highlight the dominance of human 
influence on recent climate trends: observed warming over the past 
century cannot be explained without anthropogenic forcing. Climate 
models that include human drivers reproduce observed temperature 
changes, whereas natural drivers alone cannot [5]. 

Conclusion
Anthropogenic forcing encompasses human‑induced changes 

in Earth’s climate system that alter its energy balance. Through 
increased concentrations of greenhouse gases, emissions of aerosols, 
and alterations to land surfaces, human activities have significantly 
increased radiative forcing, leading to global warming and climate 
change. This anthropogenic influence now outweighs natural forcings, 
driving observed trends in temperature, sea level rise, and other 
climatic indicators. Understanding and quantifying these forcings and 
their impacts on climate is essential for developing effective mitigation 
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and adaptation strategies in the face of ongoing environmental change. 
Continued research, observational monitoring, and improved climate 
modeling are critical to refine estimates of anthropogenic forcing and 
reduce uncertainties in climate projections.
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