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Abstract: There is a population growth of humans that directly correlates to an
increase in environmental degradation worldwide. Using a meta-analysis of 137
peer-reviewed studies, this research encapsulates the relationship between human
population dynamics and ecosystem changes between the years 1970 to 2023.
Primarily focusing on the quantitative correlation between population parameters
and certain environmental indicators like carbon emissions, deforestation,
freshwater depletion, loss of biodiversity, and land-use change, this analysis
indicates an alarming escalation. Each 1% increase in population leads to a 1.19%
growth in carbon emissions, a 0.73% rise in deforestation rates, and a 0.85% rise
in water withdrawal. There were, however, notable differences in regions. In
comparison, urban centers exhibited higher rates of growth than rural centers, with
a notable increase in the rate of environmental degradation. This work in the
environment showcased that though population growth is an alarming factor, the
magnitude of its impact on the environment is controlled by the levels of
consumption, technological efficiency, and policy frameworks available,
employed, or adopted. The work evidencing this also states that population
stability is a primary requirement needed to achieve proactively protect the
environment, encouraging varied approaches that revolve around mitigating birth
rates and promoting sustainable consumption and technological adoption as the
most viable approaches.
Keywords: environmental growth, ecological footprint, carrying capacity, population,
sustainability, environmental degradation.
Introduction

The links between human population growth and the degradation of the environment
blend ecology as one of the most profound challenging questions of sustainable
development in the contemporary world. Attention to the Earth’s carrying capacity and

502



Trends in the Use of Foreign Languages for Professional Priority May 17, 2025

the sustainability of population growth and patterns of consumption has increased
among the scientific community as the global population hits the 8 billion mark (Crist et
al., 2017). While technological optimists assert that the limits to resources can be
surmounted by human ingenuity, ecologists have become increasingly concerned about
the approaching boundaries to the planet’s resources (Steffen et al., 2015).

Analysis of the relationships between population and the environment is grounded in
a number of theories and frameworks. The concept of carrying capacity, which has its
origins in ecology and which refers to the maximum population level that the
environment can sustainably accommodate, has had somewhat scope of success in being
adopted in human systems (Daily & Ehrlich, 1992). The IPAT (Impact Population
Affluence Technology) equation provides a useful and increasingly accepted framework
to examine how population interacts with other dimensions to determine the level of
impact on the environment (Chertow, 2000). The ecological footprint, a more recent
concept, has emerged as the dominant measure of human impact on natural systems
(Wackernagel et al., 2002).

There are still some aspects that are missing and which have not been tackled by other
studies. First, there is much scope in looking at a few indicators for each ecosystem
while ignoring multi-dimensional approaches. Second, the ecosystem population
correlation 1is still lacking in areas dealing with populated underdeveloped and
underdeveloped countries. Third, the relation of technological changes, governance
systems, public policies, and consumption levels needs more focus, especially in
moderating population-environment relationships.

A research gap has been identified and is set to be filled in by carrying out an
exhaustive meta-analysis on the relationship between population and environment,
published studies from 1970 to 2023. The specific case studies include measuring the
amount of carbon released, the rate of deforestation, the consumption of freshwater, the

503



Trends in the Use of Foreign Languages for Professional Priority May 17, 2025

loss of biodiversity, and the alteration in land use. Our goal is to demonstrate the
existence of a population-environment relation with some refutable conclusions by
analyzing data from different scholars, analyzing the facts, and identifying the regional
differences and the time changes in such associations.
Methods
Research Design

For this study, a systematic meta-analysis approach was employed to integrate
available empirical studies on population-environment interactions. Analyzing meta-
analyses offered several advantages to addressing our research questions, such as
identifying consistent patterns across varying contexts, quantifying the strength of
relationships, and exploring moderating factors (Glass, 1976). To address particular gaps
in the literature, we supplemented the meta-analysis with original data analysis.
Literature Search and Selection Criteria

We ran an exhaustive search for peer-reviewed journal articles published from
January 1970 to December 2023 using various electronic databases such as Web of
Science, Scopus, Environmental Sciences and Pollution Management Database, and
Google Scholar. The search strategy utilized combinations of population-related
keywords (e.g., “population growth,” “population density,” “demographic transition™)
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and environment-related keywords (e.g., “environmental impact,” “ecological footprint,”
“carbon emissions,” “deforestation,” “biodiversity loss,” “freshwater depletion,” and
“land use change”).
Data Extraction and Coding

For every study included in the analysis, the study characteristics extracted
include:
1. Publication year, journal, geographic region, time coverage.

2. Design: research design, sample size, statistical methods.
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3. Population variables such as growth rates, population density, urbanization rates, age
structure, and average household size.

The data extraction was done by two independent researchers using a standardized
extraction form. They were free to come to their own conclusions, but the final decision
was made by a third researcher.

We computed standardized effect sizes (r) for all studies so that we could compare
them regardless of the statistical techniques and measures used in the studies.

Quality Assessment

The quality of the studies was assessed using a modified version of The Newcastle-
Ottawa Scale for non-randomized studies (Wells et al., 2000). The assessment was based
on three criteria: selection, comparability, and outcome measurement. Studies were
classified as high quality (8-9 points), medium quality (6-7 points) or low quality (5
points or less). Sensitivity analyses were performed to assess the impact of study quality
on the meta-analytic findings.

Results
Overall Relationship Between Population Growth and Environmental
Indicators

The meta-analysis revealed significant positive correlations between
population growth and all five environmental indicators examined, indicating that
increasing population is associated with greater environmental degradation
(Table 1). The strongest relationship was observed for carbon emissions (r = 0.68,

95% CI: 0.61-0.75), followed by land use change (r = 0.59, 95% CI: 0.52-0.66),
fresh- water depletion (r = 0.54, 95% CI: 0.47-0.61), deforestation (r = 0.48, 95%
CI: 0.41-0.55), and biodiversity loss (r = 0.41, 95% CI: 0.34-0.48).

Table 1: Pooled Correlation Coefficients Between Population Growth and
Environmental Indicators
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Indicator Studies (1) Interval ()
Carbon 62 0.68 0.61-0.75 87%
Emissions
43 0.59 0.52-0.66 81%

Land Use
Ch

anee 38 0.54 047-0.61  79%
Freshwater
Depleti

cpietion 51 048 0.41-0.55 84%
Deforestation
Biodiversity 32 0.41 0.34-0.48 76%
Loss

Elasticity estimates derived from the included studies indicate that a 1%
increase in population is associated with a 1.19% increase in carbon emissions
(95% CI: 1.03-1.35), a 0.73% increase in deforestation (95% CI: 0.61-0.85),
and a 0.85% increase in freshwater withdrawal (95% CI: 0.72-0.98), though
with substantial regional variations.

High heterogeneity (I> > 75%) was observed for all environmental
indicators, suggesting that the strength of population-environment relationships
varies considerably across different contexts. This variability prompted further
analysis of potential moderating factors.

Discussion
Interpretation of Key Findings
Our meta-analysis reaffirms the relationship between population growth and

environmental degradation across several indicators, with the strongest associations
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found for carbon emissions and land-use change. However, the meaningful
heterogeneity of effect sizes across regions, time frames, and contexts suggests that,
rather, population is not a simple or consistent or all-deterministic driver of
environmental impact.

The sharper increase of most environmental indicators with urban population
growth underscores the profound influence of urbanization patterns on the state of the
environment. This complements earlier findings that suggest urban regions generate
about 70% of carbon emissions and utilize only 2% of land area (Seto et al., 2014).
But the stark contrast in the degree of urban environmental impacts between high-
income and developing countries surfaces the possibility of ‘leapfrogging’ to more
sustainable urban development paradigms.

The weakening strength of population-environment relationships observed in
more recent studies suggests several possibilities. It may indicate an actual untangling
of population growth and environmental degradation due to advanced technologies
and policies, or it could reflect the increasing mediation of population impacts
through more intricate webs of consumption and production, inadequately captured by
simplistic correlational frameworks.

The strong moderation effects of economic development, technological
efficiency, governance quality, and consumption patterns add essential depth to the
conversation about the relationship between population and environment.

Conclusion

This meta-analysis demonstrates that population growth is still profoundly linked
to environmental degradation, which is apparent through multiple indicators, however,
these contexts show significant variation. Our findings challenge both the simplistic
Malthusian view, which considers population a singular problem in the environment,
as well as the techno-optimist take that does not factor in demographics at all. Rather,
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the findings support the position that population growth happens within a socio-
economic and institutional framework that deeply defines its environmental
ramifications.

The evidence supports that stabilizing growth in the population is helpful, yet is
an insufficeint condition for environmental sustainability. Addressing successfully the
eco-environmental problems of today will need a strong, coherent strategy that works
on demographic change in addition to consumption and technology, and even the
governance system in place. With the population growing consistently across the
world, especially in regions sensitive to environmental change, developing these
strategies becomes vital to ensure sustainable approaches to development.
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