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1 Introduction
The landmark study by Hultgren et al. [12], published
in Nature, represents a significant methodological
leap in quantifying climate change impacts on
global agriculture while empirically accounting for
real-world adaptation. By analyzing longitudinal
subnational data encompassing 12,658 regions and
two-thirds of global crop calories, the authors provide
unprecedented empirical evidence that adaptation
mitigates—but far from eliminates—projected yield
losses. Their central finding—a near-linear decline
of 5.54 × 1014 kcal per 1°C GMST rise, translating
to a 4.4% reduction in per capita recommended
daily consumption—paints a sobering picture of
future food security. However, while the study’s
econometric rigor and global scope are commendable,
its epistemological framing, implicit assumptions
about adaptation equity, and neglect of structural
power dynamics warrant critical examination. This
commentary argues that the "breadbasket paradox"
identified (where wealthy, temperate breadbaskets
exhibit limited adaptation and suffer disproportionate
losses) is not merely an economic anomaly but a
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symptom of deeper systemic issues tied to climate
coloniality and extractive agricultural paradigms.
Moving beyond techno-optimist narratives of
autonomous adaptation requires integrating political
ecology, decolonial theory, and complex systems
science into climate-agriculture impact assessments.

2 Deconstructing the Breadbasket Paradox:
From Observation to Structural Analysis

The study’s most striking finding—that high-income,
high-yielding regions (e.g., US Midwest, Eastern
China) dominate global calorie losses due to
their limited present adaptation despite favorable
climates—demands deeper analysis than offered by
econometric explanation alone. Hultgren et al. [12]
attribute this primarily to path dependency: these
regions are "optimized for high average yields but
not robustness to climatic changes." While plausible,
this explanation overlooks the structural lock-ins of
industrial agriculture:

2.1 Financialization Lock-in
Modern breadbaskets are deeply embedded in
global financial systems prioritizing short-term ROI
and shareholder value over long-term resilience.
Investment flows favor input-intensive monocultures
(optimized for current climate norms) over diversified,
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adaptive agroecological systems perceived as "risky"
by capital [7]. The study’s model, while accounting
for "financial constraints," cannot capture how global
capital markets actively disincentivize transformative
adaptation in high-value agricultural zones.

2.2 Input-Dependency Trap
The high yields of breadbaskets rely on tightly
calibrated synthetic inputs (fertilizers, pesticides,
irrigation) and specific germplasm. Adaptation
requiring significant shifts in these inputs (e.g.,
new drought-tolerant but lower-yielding varieties,
reduced fertilizer dependency for soil water retention)
faces immense technological and economic inertia.
The cost-benefit analysis of adaptation (central to
the revealed preference approach) is constrained by
existing technological pathways, neglecting potentially
superior but underdeveloped agroecological
alternatives [3].

2.3 Knowledge Regime Hegemony
Adaptation strategies considered "optimal" within the
model are inherently shaped by dominant agronomic
knowledge systems emanating from Global North
institutions and agribusiness R&D. This marginalizes
Indigenous and peasant knowledge systems that
emphasize diversity, redundancy, and low-input
resilience—practices often prevalent in the "adapted"
low-income regions the study notes (e.g., varietal
mixtures, water harvesting). The econometric model
observes outcomes but cannot interrogate the power
dynamics shaping which adaptations are available and
legitimized [22].
Therefore, the breadbasket paradox is less a surprise
and more an inevitable outcome of an agricultural
development model prioritizing efficiency and
global market integration over systemic resilience.
The "limited adaptation" observed is a rational
response within this locked-in system, not necessarily
an indicator of inherent lack of adaptive capacity.

3 The Epistemological Tension: Quantifying
Adaptation vs. Qualifying Justice

Hultgren et al. [12] rightly highlight the unequal
distribution of impacts: while absolute calorie losses
are larger inwealthy breadbaskets, low-income regions
(especially cassava-dependent populations) face
devastating relative losses ( 28% in the lowest-income
decile). Their model attributes lower relative losses
in many low-income regions partly to pre-existing
adaptation in hotter climates and higher precipitation.

However, this framing risks conflating survival
adaptations under marginal conditions with robust
adaptive capacity.

3.1 The Vulnerability-Adaptation Nexus
High historical adaptation in hot, low-income regions
often reflects chronic vulnerability and coping
mechanisms honed under persistent marginality and
poverty [20]. Labeling this "higher adaptation" can
mask underlying fragility. For instance, a smallholder
shifting planting dates or using local landraces resilient
to moderate heat may have no buffers left for the
unprecedented extremes projected under RCP 8.5.
The model’s reliance on historical responses may
underestimate thresholds beyond which these coping
strategies collapse [8].

3.2 Hidden Costs of Autonomous Adaptation
The study’s revealed preference approach effectively
quantifies private costs and benefits of adaptation
observed historically. However, it largely ignores social
externalities and distributional consequences. For
example:
• Water Competition: Adaptation via irrigation

expansion in response to heat (observed
as beneficial in the model) can exacerbate
groundwater depletion and deprive downstream
users or ecosystems, particularly in water-stressed
regions [9]. The cost is socialized, while the
benefit (yield stability) is privatized.

• Land Grabbing: Large-scale "adaptation"
investments (e.g., acquiring land in cooler regions
– potentially captured under "crop switching"
in valuation) can displace local communities
and undermine their food sovereignty [6]. The
model’s valuation (partial SCC) focuses on
market prices, neglecting these socio-ecological
costs.

• Genetic Erosion: Reliance on a narrow pool of
commercial climate-adapted varieties (a likely
adaptation pathway) accelerates the loss of
locally adapted landraces crucial for long-term,
decentralized resilience [13].

3.3 Beyond Calories: Nutritional and Cultural
Losses

Focusing on calorie production (kcal) obscures
critical dimensions of food security. The study
acknowledges CO2 fertilization potentially reduces
nutrient density [16] but doesn’t integrate this into
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impacts. More profoundly, losses in crops like cassava,
sorghum, or regionally specific staples represent not
just calorie deficits but erosion of cultural identity,
dietary diversity, and locally adapted food systems
– losses disproportionately borne by marginalized
communities [26]. The econometric lens flattens these
qualitative dimensions of food security.
This highlights a fundamental epistemological
tension: while quantifying aggregate adaptation
benefits is crucial for global projections, it can
inadvertently obscure questions of justice, equity, and
the differentiated nature of vulnerability and adaptive
capacity. Adaptation is not a neutral technical process
but a political one.

4 Methodological Frontiers: From Static
Correlations to Complex Adaptive Systems

Hultgren et al. [12] advance the field by moving
beyond simplistic "no adaptation" vs. "optimal
adaptation" scenarios prevalent in process-based
models (PBMs). Their reduced-form approach
capturing emergent adaptation from observed
behavior is a strength. However, significant
methodological challenges remain, pointing towards
future research needs.

4.1 Dynamic Adaptation Pathways
The model assumes future adaptation mirrors
historical responses to slowly evolving climate
norms ("climate summary statistics"). However,
climate change involves increasing non-stationarity –
unprecedented extremes, compounding shocks
(drought + heatwave), and accelerating change [1]
Adaptation is not a one-time adjustment but a
continuous, path-dependent process. Agent-Based
Models (ABMs) coupled with behavioral
theory could better simulate how learning, risk
perception, social networks, and evolving constraints
shape dynamic adaptation pathways under non-linear
change.

4.2 Capturing Systemic Tipping Points
The econometricmodel estimates smooth, probabilistic
yield responses. However, agricultural systems can
exhibit threshold behaviors and tipping points missed
by correlation-based approaches. Examples include:
• Pollinator Collapse: Beyond specific temperature

thresholds, pollinator communities crucial for
many crops can collapse, triggering non-linear
yield declines [18]. Soil Carbon Feedback:

Extreme heat and altered rainfall can accelerate
soil organicmatter decomposition, reducingwater
retention and fertility, creating a positive feedback
loop [15].

• Pest and Disease Emergence: Warmer winters
facilitate pest/disease range expansion and
overwintering success, potentially causing
sudden outbreaks that overwhelm current
management [5]. Integrating PBM insights
on biophysical thresholds with empirical
socioeconomic data is crucial.

4.3 The Missing Governance Dimension
The model incorporates income and irrigation access
as proxies for resources but largely neglects the role
of institutions, policy, and governance in enabling
or constraining adaptation. Effective early warning
systems, social safety nets, equitable water governance,
seed sovereignty laws, and participatory research
extension are critical determinants of adaptive capacity
that vary drastically across regions [2]. Future models
need frameworks to incorporate these enabling (or
disabling) institutional environments.

4.4 Beyond the Six Staples
While covering critical calories, the focus on six staples
overlooks the vulnerability of nutritionally dense
crops (vegetables, fruits, nuts) often more sensitive
to climate extremes [21], and livestock systems facing
heat stress, feed shortages, and disease. It also misses
the potential of diversified agroecological systems to
enhance resilience through functional biodiversity [4].

5 FromSocial Cost of Carbon (SCC) to Climate
Justice: Reframing Policy Implications

The calculation of a partial SCC for agriculture is
a valuable contribution, highlighting the significant
economic costs of climate-driven yield losses even after
adaptation. However, the SCC framework, rooted in
welfare economics, has inherent limitations for guiding
equitable climate policy.

5.1 Aggregation Masks Distribution
The SCC aggregates damages into a single global
number, obscuring the profound distributional
inequities the study itself identifies. Applying a
uniform SCC value implicitly treats a calorie loss
in a malnourished community as equivalent to a
loss in a food-secure one, violating principles of
climate justice [24]. Policy needs differentiated
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valuation reflecting vulnerability and historical
responsibility.

5.2 Discounting Intergenerational Equity
The wide SCC range depending on discount rate (2-5%
vs. Ramsey) underscores the ethical dilemma of
valuing future damages. High discount rates (e.g.,
5%) drastically reduce the present value of long-term
agricultural collapse, privileging current generations
over those facing existential food insecurity later this
century [25]. This is ethically problematic.

5.3 Beyond Market Valuation
The SCC relies on market prices, failing to capture
non-market values essential for food security: cultural
significance of crops, loss of food sovereignty,
ecosystem services underpinning agriculture (e.g., soil
health, pollination), and the intrinsic value of avoiding
famine and displacement. Alternative frameworks
like the Capabilities Approach [23] or Doughnut
Economics [19] offer more holistic ways to assess
climate impacts on human flourishing.

6 FromSocial Cost of Carbon (SCC) to Climate
Justice: Reframing Policy Implications

6.1 Redirect Finance
Move beyond the study’s implicit focus on autonomous
producer adaptation. Massive public investment
is needed in planned, transformative adaptation,
prioritizing:
• Agroecological Transitions: Support

diversification, soil health building, water
harvesting, and farmer-led participatory research,
especially in vulnerable regions [11].

• Pro-Poor R&D: Shift public agricultural R&D
towards climate-resilient, nutritious, and
open-source crops suited for diverse smallholder
contexts, breaking the corporate stranglehold on
seed and input markets [17].

• Universal Social Protection: Scale up
climate-responsive social safety nets to protect
the most vulnerable from food price spikes and
production shocks [10].

6.2 Address the Breadbasket Lock-in
Actively dismantle the structural barriers hindering
adaptation in high-yield regions:
• Reform Subsidies: Redirect agricultural subsidies

away from input-intensive monocultures towards

diversified, climate-resilient practices.
• Strengthen Antitrust: Regulate corporate power

in seeds, inputs, and processing to enable greater
farmer autonomy and innovation.

• Promote Territorial Food Systems: Support
regional food networks that shorten supply
chains, enhance resilience, and prioritize local
nutrition over global commodity exports.

6.3 Operationalize Loss and Damage (L&D)
The study’s projection of "substantial residual losses,"
especially in vulnerable regions, underscores the
urgency of the L&D agenda established at COP27. This
requires:
• New Funding Mechanisms: Establish

dedicated, grant-based L&D finance (beyond
adaptation/mitigation) for countries facing
irreversible climate impacts on food systems,
prioritizing locally determined needs.

• Debt Justice: Cancel unsustainable sovereign debt
in climate-vulnerable food-importing countries
to free up fiscal space for adaptation and food
security [14].

6.4 Radical Emissions Reductions
No amount of adaptation can fully offset the
catastrophic agricultural impacts under high-emission
scenarios like RCP 8.5. The study reinforces the
existential imperative for rapid, deep decarbonization
to stay within manageable warming levels (likely
below 2°C).

7 Conclusion
Hultgren et al. [12] provide an invaluable empirical
foundation, demonstrating unequivocally that
autonomous adaptation, while significant, is
insufficient to prevent substantial climate-driven
losses to global agriculture. Their identification of
the "breadbasket paradox" is a crucial contribution.
However, interpreting these findings requires moving
beyond the confines of neoclassical econometrics and
engaging with critical political economy, decolonial
theory, and complex systems science.
The breadbasket paradox is not merely an economic
inefficiency; it is a manifestation of an extractive,
industrialized global food system built on colonial
legacies and optimized for profit over planetary
and human health. The "limited adaptation"
observed reflects deep structural lock-ins, not inherent
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incapacity. Conversely, the "higher adaptation" in
vulnerable regions often signifies resilience forged
through necessity under marginalization, not robust
adaptive capacity.
Truly understanding and responding to the
climate-agriculture crisis demands a decolonial
agro-climatology. This entails:
1. Centering Marginalized Knowledges: Integrating

Indigenous, peasant, and local knowledge
systems into adaptation science and practice.

2. Confronting Power: Explicitly analyzing how
global trade, finance, intellectual property
regimes, and corporate power shape vulnerability
and constrain adaptation options.

3. Prioritizing Justice: Designing adaptation and
L&D policies based on principles of equity,
historical responsibility, and the right to food, not
just aggregate efficiency or market valuations.

4. Embracing Complexity: Developing
next-generation models that capture dynamic
adaptation pathways, systemic tipping points,
and the interplay of ecological and social
processes.

The future of food security under climate change
hinges not only on better quantifying impacts but
on fundamentally transforming the political and
economic systems that determine who adapts, how,
and at what cost. Hultgren et al. [12]’s rigorous
analysis provides the stark evidence; the task now is
to build the political will for the transformative action
it demands.
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