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Abstract

Recent research by Gao et al. (2025) reveals that the global effort to limit warming to
1.5 °C—heavily reliant on land-based carbon dioxide removal (CDR) such as afforesta-
tion—risks triggering a severe conflict with global food security. Their findings indicate that
current climate pledges could lead to a 12.8% reduction in global cropland by 2100, with
losses disproportionately affecting the Global South (13.0% average loss). Such a decline, as
shown by Gao et al., not only threatens local food production but also destabilizes global
food supply chains by reducing the export capacity of key agricultural nations. We propose
the following strategies: balancing land competition between ecological restoration and
food security, strengthening intensive farmland management to reduce the fragmentation
of low-density farmland, leveraging international trade liberalization to adapt to climate
change and secure food supplies in the Global South, and improving land system simulation
to incorporate local policies, dietary patterns, and extreme climate factors, while
underscoring that accelerating energy sector decarbonization is the most secure path
forward. This commentary synthesizes the evidence from Gao et al. (2025) and offers expert
policy recommendations to address the identified challenges.
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The global effort to limit warming to 1.5 °C is quietly initiating a critical
conflict over land between carbon sequestration and food production.
While ambitious climate pledges heavily rely on land-based CDR
strategies—particularly afforestation and reforestation—a study
by Gao et al" in Nature Climate Change reveals that these measures
may carry a significant, overlooked socioeconomic cost. Their findings
project that, under a 1.5 °C pathway, current climate commitments
could lead to a 12.8%!"! reduction in global cropland by 2100, exposing
a fundamental tension between climate mitigation and global food
security.

This impending crisis is characterized by severe spatial
inequality?l. Nations in the Global South are disproportionately
affected, facing an expected 13.0%!" cropland loss, with 81%!l" of
the most impacted countries located in this region. South America is
projected to experience the most severe decline at 23.7%0l. The
decline in total cropland can be primarily attributed to the projected
reduction in low-density and medium-density cropland areas, which
are expected to decrease by 52.3% and 44.6%, respectively. In

Europe, cropland area is projected to decline by 14.9%, correspond-
ing to an absolute loss of 440,000 km?2, the most significant among
all regions!" (Fig. 1).

Using integrated assessment modeling and high-resolution land
system simulations, Gao et al.l'"! further uncover cascading risks to
global food security:

1. The double burden on import-dependent nations: Countries
like Vietnam and South Korea already rely heavily on food imports,
and their import capacity is expected to decrease by 14.1% and
14.4%", respectively, as the export potential of major agricultural
product suppliers declines. This creates a dangerous 'domestic
production loss and international supply shortage' trap.

2. Systemic pressure on global food supply chains: The simulta-
neous contraction of cropland and export capacity in key agricul-
tural exporting countries—including the United States (—9.6%),
Brazil (-25.0%), and Argentina (—3.7%)!''—threatens to destabilize
global food supply at its source, potentially elevating food prices
and intensifying hunger risks.
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1.5 °C Pathway Threatens 12.8% Cropland Loss by 2100
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Fig. 1 Conceptual framework.

This research identifies a fundamental shift in the drivers of global
land-use change: the primary cause of future cropland loss is transi-
tioning from urbanization to ecological restoration. Large-scale
afforestation, promoted as an essential negative emissions techno-
logy, is emerging as a direct competitor to agriculture for finite land

underestimates of cropland loss (GCAM projects a 10.0% decrease,
whereas simulations accounting for density project a 12.8%
decrease). Policy design should be based on high-resolution land
use data, prioritize the protection of low-density cropland, and
improve output per unit area and reduce fragmentation through

resources!l, territorial planning®. In the implementation process, technical
To address this dilemma, the author proposes the following  subsidies and retraining programs should be provided to affected
strategies: small-scale farmers in order to alleviate social equity concerns that

1. Balancing land competition between ecological restoration and
food security

Under the 1.5 °C temperature control target, the demand for
negative emissions (primarily relying on afforestation and reforesta-
tion) intensifies the conflict between ecological land and cropland,
potentially leading to substantial cropland loss(>¢l. Based on empiri-
cal assessments of national-scale land carrying capacity, countries
are recommended to quantify the 'land gap' risk when formulating
their climate commitments, and to prioritize the deployment of
negative emission technologies that do not rely on land/”8l. At
the implementation level, differentiated national circumstances
between developed and developing countries should be taken into
account, so as to avoid a one-size-fits-all policy of converting farm-
land to forests that could impose excessive shocks on vulnerable
agricultural regions.

2. Strengthen cropland intensification management and reduce
low-density cropland fragmentation

Current integrated assessment models (e.g, GCAM) often
overlook cropland density and fragmentation, leading to

intensification might bring.

3. Leverage international trade liberalization to adapt to climate
change and secure food supply in the Global South

Cropland loss will weaken the export potential of major agricul-
tural exporters and exacerbate hunger risks in the Global South.
Drawing on empirical analyses of historical trade flows and climate
vulnerability, we recommend a substantial reduction in both tariff
and non-tariff barriers to facilitate the cross-border movement of
agricultural products!’®. Additionally, supporting measures should
include the establishment of international emergency food reserves
and price stabilization funds to ensure that the gains from trade
liberalization are shared fairly among low-income food-deficit coun-
tries, and not only among major exporters.

4. Improve land system modeling by incorporating local policies,
dietary patterns, and extreme climate factors

Current simulations do not fully consider the cropland protection
policies of various countries (e.g., China's cropland 'red line'),
changes in dietary patterns, nature-based solutions (e.g., biomass),
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and extreme climate events!'!2], Future policy formulation should
be based on multi-source, high-resolution spatial data and include
uncertainty analysis of models. In terms of monitoring during imple-
mentation, periodic validation and updating mechanisms should
be established, and the fairness impacts of land distribution on
different population groups (such as farmers, herders, and forest
dwellers) under alternative scenarios should be openly evaluated,
thereby providing a credible scientific foundation for decision-
making, including the optimization of protected areas.

The research finally stresses that excessive dependence on terres-
trial CDR for climate mitigation entails significant systemic risks. It
issues an unambiguous warning—without careful management of
land-use trade-offs, regulatory enforcement during implementation,
and equitable redress mechanisms, well-meaning climate initiatives
could unwittingly shake the bedrock of the world's food supply
chaint®. Therefore, the fundamental and more sustainable and
resilient way forward lies in accelerating direct decarbonization of
the energy sector while curbing dependence on land-based carbon
sinks.
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