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 13 

The Atlantic Meridional Overturning Circulation (AMOC) functions as a critical 14 

climate tipping element, potentially capable of abrupt collapse under sustained 15 

anthropogenic forcing 1,2. Current agricultural impact assessments predominantly focus 16 

on ongoing climate change trajectories 3,4, leaving the global food system's 17 

vulnerability to a climate shock like an AMOC collapse unquantified. Here we show 18 

the global agricultural and economic consequences of such a collapse. By coupling a 19 

100-year climate anomaly 5 with global crop simulations, we identify a 5.3% structural 20 

decline in global wheat, maize, and rice production. We demonstrate that this 21 

biophysical penalty is geographically asymmetrical, triggering production collapses of 22 

12% to 19% across highly concentrated Northern Hemisphere export hubs. 23 

Superimposing these reductions onto current global food trade networks reveals severe 24 

structural dietary deficits in import-dependent nations 6. Finally, economic modeling 25 



indicates that if this protracted multi-breadbasket failure outpaces market adaptation, 26 

global cereal prices could structurally spike by up to 40%. These findings provide a 27 

replicable pipeline from climate tipping points to human impact, underscoring the 28 

urgent necessity of preemptive, climate-resilient food infrastructure.  29 

1. Introduction 30 

The Atlantic Meridional Overturning Circulation (AMOC) is a critical component of the Earth's 31 

climate system, capable of abrupt weakening or complete collapse under sustained anthropogenic 32 

forcing and freshwater influx from the melting Greenland Ice Sheet 1,2,7. The climatological 33 

consequences of such a collapse include severe Northern Hemisphere cooling, the southward 34 

shifting of the Intertropical Convergence Zone (ITCZ), extreme weather volatility, and the 35 

profound disruption of monsoon systems 8–10. 36 

Current agricultural impact assessments predominantly focus on gradual climate change scenarios, 37 

simulating linear temperature increases and altered precipitation patterns 3,4. However, the global 38 

food system is highly optimized for the climatic stability of the Holocene and is uniquely 39 

vulnerable to non-linear tipping points like an AMOC collapse, which falls entirely outside the 40 

parameters of gradual warming models 11. 41 

While occasionally mischaracterized as an instantaneous event, an AMOC collapse is a protracted 42 

biophysical transition; the resulting climate anomalies would materialize gradually over several 43 

decades, fundamentally altering the baseline of global agriculture. Existing literature on these 44 

agricultural impacts has largely been confined to regional analyses or high-level macro-ecological 45 

baselines 12–15. The interconnected nature of the global food system necessitates a spatially explicit, 46 



macro-level understanding of how a structural transition to a new climate state would shock total 47 

and regional calorie production. 48 

To address this gap, this paper provides the first quantified, global assessment of crop yield and 49 

calorie production shocks resulting from an AMOC collapse. By coupling a 100-year AMOC-50 

collapse climate anomaly with a global gridded crop model, we isolate the biophysical yield shock 51 

on key staple crops (wheat, maize, and rice). We subsequently analyze the propagation of these 52 

yield reductions through international trade networks to identify resultant price pressures and 53 

assess the scale of resilient food adaptations required to maintain global calorie sufficiency. 54 

2.  Results  55 

2.1 Global crop yield reductions after AMOC collapse  56 

Applying the AMOC collapse climate anomaly under a precipitation-scaled irrigation scenario 57 

results in a 5.3% decline in global caloric production averaged across wheat, maize, and rice 58 

(Figure 1). Changes to crop yield volatility could not be isolated with statistical confidence, as the 59 

single 100-year climate trajectory provides insufficient data to distinguish genuine shifts from 60 

inter-annual noise or capture intra-monthly weather extremes. 61 



 62 

Figure 1: Projected global caloric yield anomalies under a Precipitation-Scaled Irrigation scenario 63 

following an AMOC collapse. This primary biophysical assessment maps the spatial distribution of yield 64 

changes across major caloric staples (maize, wheat, and rice) utilizing the HadGEM3-GC3.1-MM climate 65 

anomaly. The model assumes the yield benefit of existing irrigation infrastructure is reduced proportionally 66 

to grid-cell-level precipitation declines. The aggregate global caloric production falls by 5.3%.  67 

2.2 Food trade disruption after AMOC collapse 68 

The propagation of AMOC-driven yield shocks through the global food trade network reveals 69 

asymmetrical vulnerabilities. Crucially, this static network analysis assumes that national exports 70 

scale down proportionally to production declines. In reality, nations inherently prioritize domestic 71 

consumption and often only export excess supply; therefore, this proportional scaling represents a 72 

conservative baseline, and the actual contraction of available global export volumes could be more 73 

severe. When mapping these baseline supply contractions against national dietary reliance (import 74 



loss as a percentage of domestic consumption), severe exposure is dictated by structural import 75 

dependence rather than broad hemispheric divides, heavily impacting regions across Africa, Asia, 76 

the Middle East, and Europe. 77 

Specifically, wheat presents the most severe dietary vulnerabilities, heavily concentrated in 78 

structurally import-dependent tropical nations and climate-stressed importers (Figure 2). Global 79 

dietary exposure to maize and rice import deficits remains broadly negligible, with structural 80 

vulnerabilities acutely isolated to specific high-reliance import markets across Europe, Africa, the 81 

Middle East, and Central Asia (Figures 3 and 4). 82 

  83 



 84 

Figure 2: Projected dietary exposure to wheat import deficits following an AMOC collapse. This network 85 

trade analysis maps the structural reduction in wheat imports relative to each nation's baseline domestic 86 

consumption (FAO Food Balance Sheets, base year 2023). Assuming a proportional scaling of export 87 

volumes relative to domestic yield shocks, the most severe dietary vulnerabilities are concentrated in 88 

structurally import-dependent tropical nations (e.g., Guinea, Liberia, Thailand) and climate-stressed 89 

importers (e.g., Spain). Conversely, major global producers experience minimal relative domestic dietary 90 

disruption.  91 

  92 



 93 

Figure 3: Projected dietary exposure to maize import deficits following an AMOC collapse. This network 94 

trade analysis maps the structural reduction in maize imports relative to baseline domestic consumption 95 

(FAO Food Balance Sheets, base year 2023). Global dietary exposure remains broadly negligible, with 96 

disruptions highly isolated to specific import-reliant markets. The most significant consumption risks are 97 

concentrated across the majority of Europe—excluding self-sufficient producers such as France—and 98 

specific North African nations, notably Libya, Egypt, and Mauritania.   99 

 100 



Figure 4: Projected dietary exposure to rice import deficits following an AMOC collapse. This network 101 

trade analysis maps the structural reduction in rice imports relative to each nation's baseline domestic 102 

consumption (FAO Food Balance Sheets, base year 2023). While global dietary exposure remains broadly 103 

negligible, notable structural deficits are isolated to highly dependent import markets, specifically 104 

Kazakhstan, Afghanistan, Kenya, Ethiopia, and the Middle East.  105 

2.3 Economic impacts 106 

The 5.3% yield shock translates into structurally higher global pricing, heavily dependent on the 107 

speed of market adaptation. Under pessimistic short-run supply elasticity assumptions 16, this 108 

unadapted deficit could drive a global cereal price spike of up to 40% above baseline levels. 109 

Conversely, if long-run market elasticity is achieved—where farmers have the time to expand 110 

cultivated areas, increase farming intensity, and shift feed and biofuel crops toward human 111 

consumption 17—the structural 5.3% yield deficit would result in a sustained, long-term price 112 

increase of approximately 17.5%.  113 

3.  Discussion  114 

3.1 Implications of crop yield reductions 115 

The crop modeling demonstrates a 5.3% decline in global caloric production for major staples 116 

under the primary precipitation-scaled irrigation scenario. This global aggregate represents a 117 

baseline shift that materializes gradually over several decades as the AMOC shutdown fully 118 

expresses. However, this targeted agricultural penalty aligns remarkably well with established 119 

macro-ecological projections; notably, early coupled climate models estimated a roughly 5% 120 

decline in global terrestrial net primary productivity (NPP) during the initial decades of an AMOC 121 



collapse 15. Despite differing temporal trajectories between the models, the climate anomalies 122 

driving these vegetation losses are highly comparable. Vellinga and Wood modeled an average 123 

1.4°C cooling in the Northern Hemisphere to reach their 5% terrestrial NPP deficit, which closely 124 

mirrors the 2.0°C Northern Hemisphere cooling and resulting 5.3% cereal deficit modeled in our 125 

scenario. 126 

While this global aggregate may initially appear moderate, it obscures critical regional production 127 

failures. The biophysical shock disproportionately penalizes the Northern Hemisphere, driving a 128 

severe relative collapse approaching 40% in marginal northern agricultural zones (e.g., 129 

Scandinavia). More critically for global food security, the ensuing thermo-hydrological shock 130 

geographically aligns with several of the world’s most concentrated and high-yielding agricultural 131 

hubs. This drives localized production failures of roughly 16% to 19% across major European 132 

breadbaskets (such as Germany and Ukraine) and a 12.4% structural decline in Canada. 133 

Consequently, the burden of the biophysical shock is highly asymmetrical, damaging the export 134 

capacity for much of the Northern Hemisphere and fracturing the foundational supply lines of the 135 

global food system. 136 

3.2 The multiplier effect of trade protectionism 137 

The projected price increases above assume a cooperative global market. In reality, historical 138 

supply deficits consistently trigger reactionary trade protectionism, as governments implement 139 

export bans to shield domestic consumers from inflation 18,19. This has created a cascading 140 

multiplier effect in previous yield shocks, that artificially contracts global supply and further 141 

inflates prices. For instance, uncooperative trade policies accounted for roughly half of the 90% 142 

rice price surge during the 2008–2011 crisis 19 and artificially inflated world wheat prices by up to 143 



67% during the 2022 supply shock 20. This protectionism extends to critical inputs, as seen when 144 

2022 export quotas on fertilizers removed 15% of global supply and severely compounded price 145 

shocks 21,22. 146 

Under an AMOC collapse, the 5.3% biophysical yield deficit could trigger domestic inflation 147 

thresholds across major exporters, especially in scenarios where countries are slow to adapt or 148 

initially fail to realize a collapse is underway, sparking a wave of cascading restrictions. Predictive 149 

models suggest this uncooperative scenario could slash global food export supply by ~21% 23. 150 

Therefore, the raw caloric deficit represents only the baseline hazard; the ultimate shock to global 151 

food affordability may be severely multiplied by the rapid fragmentation of the global trade 152 

network. 153 

3.3 Unadapted hazard vs. long-term elasticity  154 

When evaluating the trade disruptions modeled in Section 2.2, it is critical to distinguish between 155 

the immediate, unadapted hazard and the long-term reality of market elasticity. The static network 156 

analysis quantifies the "adaptation deficit"—the raw structural void that occurs if production and 157 

trade topologies remain frozen. While the AMOC collapse is a multi-decadal transition, mapping 158 

this unadapted scenario is crucial for policymakers; it isolates the exact magnitude of the shock 159 

that would hit the current agricultural architecture if governments and markets fail to proactively 160 

react.  161 

For example, the model indicates severe structural wheat deficits for highly exposed markets such 162 

as Spain, Guinea, and Liberia, driven by the severe production failures of their primary Northern 163 

Hemisphere export partners. Over a multi-decadal time frame, extreme price signals would force 164 

these highly dependent nations to restructure trade partnerships and source novel origins. 165 



Simultaneously, major agricultural exporters retaining baseline capacities would shift production 166 

geographically to capitalize on new comparative advantages, dynamically altering export volumes. 167 

These static vulnerabilities represent the sheer magnitude of the frictional challenge the global 168 

food system must overcome. Market fungibility and production shifts will organically resolve 169 

portions of this deficit, but the transition will carry immense financial and developmental costs for 170 

nations lacking the capital to outbid competitors in a structurally constrained global market. 171 

3.4 Adaptations required for global calorie sufficiency 172 

Adapting to an AMOC collapse cannot rely solely on the geographical relocation of conventional 173 

agriculture, as this would trigger a secondary ecological catastrophe. Even under baseline climate 174 

conditions, the global food system is projected to require 2 to 10 million square kilometers of new 175 

agricultural land by 2050 to meet growing dietary demands—an expansion projected to encroach 176 

on the habitats of roughly 88% of terrestrial vertebrate species, largely driving the conversion of 177 

existing wild and grazing lands  24. 178 

An AMOC collapse would compound this existing pressure. While only a negligible fraction of 179 

global staple cropland falls below a strict non-viability threshold (500 kg/ha/yr) following the 180 

collapse, the severe yield degradation across highly productive northern arable land would force 181 

an accelerated displacement of agricultural production into surviving tropical and Southern 182 

Hemisphere biomes. This structural spatial restructuring would vastly accelerate deforestation, 183 

transforming a climate tipping point into a biodiversity crisis. Consequently, adaptation 184 

necessitates a broad portfolio of climate-resilient, land-efficient interventions, such as redirecting 185 

feed and biofuels to human consumption, scaling greenhouses 25, crop relocation 26 and expanding 186 

planted areas strictly onto non-virgin lands. This must be deployed alongside climate-decoupled 187 



"resilient foods" (e.g., single-cell proteins, leaf protein concentrate, cellulosic sugar, and seaweed 188 

cultivation) to fill the structural caloric void while reducing conversion pressure on natural 189 

ecosystems 27,28. 190 

3.5 Price dynamics and food affordability 191 

The ultimate price impact of an AMOC collapse will depend heavily on the ability of global 192 

agricultural supply and demand to adapt to the altered yield environment. If the biophysical shock 193 

were to outpace adaptation, the economic impacts could be severe, driving a short-term global 194 

price spike of up to 40% above baseline levels. However, if more optimistic values for long-run 195 

elasticity apply, and farmers can significantly alter their planting patterns and input usage, the 196 

structural 5.3% yield deficit could result in a sustained, long-term price increase of approximately 197 

17.5%. 198 

Based on current World Bank estimates of poverty and income distribution 29, a sustained price 199 

increase within this range threatens to push between 30 million and 340 million additional people 200 

into food poverty. Crucially, these estimates only refer to the AMOC hazard in isolation; the true 201 

pressure on food affordability will interact dynamically with baseline population growth, shifting 202 

dietary demands, and the compounding disruptions of conventional anthropogenic climate change. 203 

Furthermore, demand policy could intervene to reduce the pressure if human consumption is 204 

prioritized and animal feed or biofuel uses are reduced at the margin. 205 

3.6 Interactions with existing climate change trends 206 

An AMOC collapse will not manifest in isolation; its impacts will compound with the baseline 207 

anthropogenic warming trajectory that triggered it. First, the collapse is projected to significantly 208 



reduce precipitation across much of the Northern Hemisphere 9, exacerbating existing water 209 

scarcity and compounding the projected reversion of millions of hectares of irrigated cropland to 210 

rainfed management 30. This will be particularly acute in the Indian subcontinent and MENA 211 

regions where water access is already critically threatened 31. Compensating through enhanced 212 

groundwater extraction risks accelerating the depletion of non-renewable aquifers. 213 

Second, the collapse fundamentally alters the geographical expectations for future agricultural 214 

viability. Under baseline warming projections, rising temperatures are expected to improve 215 

farming conditions and expand arable frontiers across Eastern Europe, Central Asia, and parts of 216 

Siberia 32–35. An AMOC collapse could sharply reverse this trajectory, forcing sharp yield declines 217 

across these anticipated regional breadbaskets and eliminating the expected high-latitude 218 

adaptation buffer. 219 

3.7 Sensitivity to Climate Model Selection and Cooling Severity  220 

The magnitude of the projected agricultural deficit is highly contingent upon the specific climate 221 

forcing data applied. The structural deficits modeled in this study should be interpreted strictly 222 

within the parameters of the HadGEM3 forcing which represents only one possible trajectory 223 

within a spectrum of climate models. Recent high-resolution simulations 2 project significantly 224 

sharper and more rapid temperature declines, with localized cooling over Europe and the Northern 225 

Hemisphere progressing at rates exceeding 3°C per decade. A more severe cooling trajectory could 226 

rapidly expand the geographical footprint of non-viable arable land, potentially increasing the 227 

5.3% aggregate production collapse. However, the coupled climate-crop framework established 228 

here provides a scalable pipeline for future meta-analyses to ingest divergent climate datasets.  229 



3.8 Limitations and Recommendations for Future Research 230 

Recent evaluations of global gridded crop models indicate a systemic tendency to underestimate 231 

crop yield losses during extreme weather events, particularly under conditions of excessive rainfall 232 

and compound heat-drought extremes 36. Consequently, the unadapted biophysical baseline of a 233 

5.3% global caloric reduction likely represents a cautious estimate. 234 

Future research should expand to incorporate additional commodities (e.g., soy), multi-cropping 235 

systems, and secondary Earth system tipping cascades (e.g., Amazon dieback) that would trigger 236 

massive secondary agricultural shocks 37. Subsequent modeling should also utilize a +2°C 237 

"adapted" crop baseline to evaluate the feasibility of physical and economic adaptations over the 238 

next 100 years. Additionally, the static trade network should be coupled with a computable general 239 

equilibrium (CGE) model to capture economic elasticity, dynamic trade rerouting, and the 240 

multiplier effect of reactionary export bans. Finally, future work should rigorously quantify the 241 

capacity of targeted interventions—such as resilient foods and waste reduction—to close residual 242 

calorie gaps without triggering unintended maladaptive ecological consequences. 243 

4. Conclusion 244 

This analysis quantifies the global food system's unadapted baseline vulnerability to an AMOC 245 

collapse. Crucially, these findings do not represent a definitive forecast of the crisis; rather, the 246 

coupled climate-crop framework presented here serves as a foundational methodology to be built 247 

upon in future research utilizing alternative climate ensembles. While the projected 5.3% reduction 248 

in global caloric production appears moderate in aggregate, it obscures acute structural deficits 249 

caused by the severe disruption of highly concentrated Northern Hemisphere export hubs. 250 



Rather than predicting an inevitable outcome, these static models define the magnitude of the 251 

global adaptation deficit. Over a multi-decadal timeline, markets will inevitably adapt through 252 

geographic crop relocation, demand elasticity, and the restructuring of trade networks. However, 253 

closing this massive structural void using traditional agricultural expansion risks catastrophic 254 

global biodiversity loss, and historical precedents suggest the economic transition will be highly 255 

volatile. Mitigating this systemic shock therefore requires preemptive global interventions and a 256 

paradigm shift toward resilient, land-efficient caloric infrastructure.  257 
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5. Methods 335 

5.1 Climate scenarios 336 

To isolate the biophysical shock of an AMOC collapse, we constructed a 100-year climate dataset. 337 

Global climate models cannot be used directly, as they contain systematic biases in absolute 338 

weather values. Instead, we started from observed daily weather. We use the NASA POWER 339 

record 38 for the years 2001–2020, looped five times to fill the 100-year window (data prior to 340 

2001 was excluded to avoid superimposing a historical warming trend onto the AMOC shock). 341 

We then offset this baseline using monthly change factors derived from HadGEM3-GC3.1-MM 342 

control and AMOC-collapse simulations 5.  343 

This forcing applies a moderate regional cooling trajectory, characterized by localized temperature 344 

declines of 3°C to 5°C across key Northern Hemisphere latitudes (e.g., London and Reykjavik). 345 

This establishes the unadapted biophysical penalty applied to the crop models. Notably, this 346 

represents a less severe temperature shock compared to other recent AMOC collapse simulations, 347 

which project localized temperature drops of 7°C to 13°C for the same regions 2. A discussion on 348 

the sensitivity of our baseline to these divergent climate models is provided in Section 3.7.  349 

However, the derived change factors could not be applied to the baseline in raw form. Doing so 350 

would stack the climate model's internal noise on top of the observed weather's natural variability, 351 

artificially inflating variance. We therefore smoothed the monthly change factors with a LOESS 352 

(locally estimated scatterplot smoothing) filter (bandwidth fraction = 0.3) at each grid cell, 353 

retaining the forced trajectory of the AMOC collapse while removing interannual noise. The 354 

smoothed deltas were then applied to the baseline to produce the final perturbed climate series. 355 



5.2 Crop modeling framework 356 

Crop yield simulations were conducted utilizing the Mink global gridded crop modeling system, 357 

which is built on version 4.7 of the Decision Support System for Agrotechnology Transfer 358 

(DSSAT) framework 26,39. As a process-based model, Mink simulates crop growth through 359 

mechanistic representations of photosynthesis, respiration, phenology, and water and nutrient 360 

dynamics. Simulations were conducted at the climate data 0.56° × 0.83° (latitude × longitude) 361 

spatial resolution. Soil properties were derived from the global SoilGrids database 40, while current 362 

crop distributions and irrigated versus rainfed classifications were established using the SPAM 363 

2020 datasets 41. To strictly isolate the biophysical hazard of the climate shock, both global crop 364 

distribution and atmospheric CO2 concentrations were held constant at present-day levels, 365 

excluding the highly uncertain variables of future socio-economic adaptation or CO2 fertilization. 366 

Fertilizer application rates were also held constant at current levels based on FAO statistics 42. 367 

For this first-pass assessment, we focused on three primary cereal caloric staples: maize, wheat, 368 

and rice, which collectively account for nearly half of all dietary calories consumed globally and 369 

constitute the foundation of international food security 43. The current Mink framework 370 

configuration simulates a single harvest per year for all crops. Consequently, planting dates were 371 

optimized to maximize yield for this single primary harvest by simulating each crop across twelve 372 

possible planting months and selecting the month yielding the highest output. In regions 373 

characterized by both a dry and a monsoon season, the model algorithm naturally selects the 374 

monsoon season when water limitations are the binding constraint. While this provides a robust 375 

baseline for the primary growing season, it acts as a conservative estimate for total caloric loss. 376 

This limitation is particularly relevant for global rice production, which relies heavily on multiple 377 

cropping in major Asian breadbaskets. The model captures the yield decline from the lack of 378 



supplemental rainfall during the primary wet season, but does not capture the potential failure of 379 

secondary or tertiary rice harvests during less irrigated dry seasons. 380 

5.3 Simulation Scenarios 381 

A critical methodological challenge in climate anomaly modeling is the handling of global 382 

irrigation systems. To establish a realistic baseline for downstream trade and economic analyses, 383 

we utilized a Precipitation-Scaled Irrigation scenario. This model assumes the yield boost provided 384 

by irrigation is reduced proportionally to the grid-cell-level decline in precipitation. This approach 385 

serves as an approximate middle path; it likely underestimates total crop failures in regions reliant 386 

on complex double-cropping, while conversely overstating the immediate vulnerability of 387 

agricultural systems buffered by deep groundwater aquifers, which remain partially insulated from 388 

precipitation shocks.  389 

To establish rigorous analytical bounds for this primary methodology, two extreme sensitivity 390 

scenarios were evaluated: 391 

Optimistic Bound (full irrigation): This parameter assumes current global irrigation applications 392 

continue unabated despite the severe hydrological deficits introduced by an AMOC collapse, 393 

effectively isolating the modeled crops from the precipitation deficit (see Extended Data Figure 394 

1).  395 

Pessimistic Bound (no irrigation): This parameter forces a complete failure of all global irrigation 396 

infrastructure, transitioning all agricultural grid cells to strictly rainfed conditions to evaluate the 397 

unmitigated compounding effects of the thermal and moisture shocks (see Extended Data Figure 398 

2). 399 



5.4 Food trade model 400 

To quantify the systemic vulnerability of the global food system, we analyzed the propagation of 401 

the biophysical yield shock through the international food trade network via the pytradeshifts 402 

framework 6. The global trade network is constructed as a weighted directed graph, where nodes 403 

represent countries and the weights of the edges represent bilateral trade volumes initialized with 404 

2022 reference production and trade data from the FAO. To ensure the network reflects direct 405 

point-of-origin to point-of-destination trade movements, the model adjusts for and removes re-406 

exports. Furthermore, to isolate the primary structural dependencies of the global food system, 407 

bilateral trade flows falling below the 75th percentile in trade volume were excluded from the 408 

initialization.   409 

Crucially, this analysis does not attempt to forecast bilateral trade flows decades into the future, as 410 

long-term market elasticity, demographic shifts, and geopolitical realignments render such 411 

temporal projections highly uncertain. Instead, to maintain methodological consistency with our 412 

unadapted crop baseline, we utilized the present-day trade network as a static baseline stress test. 413 

We mapped the current topology of the global food system using a complex network model. To 414 

determine post-catastrophe trade exposure, national exports were forced to decrease proportionally 415 

to the biophysical yield shock derived from the Precipitation-Scaled Irrigation scenario. The 416 

network topology does not introduce new trade connections to simulate unadapted conditions. By 417 

superimposing these gridded yield reductions onto the present-day network, we tracked how abrupt 418 

supply contractions propagate through central hub exporters. Because the overarching structure of 419 

trade communities remains stable under a yield shock of this specific magnitude, community 420 

rewiring metrics (such as the Jaccard distance) were not utilized. Ultimately, this approach isolates 421 



invariant geographical vulnerabilities and quantifies the global "adaptation deficit"—the order-of-422 

magnitude structural gap between the calories a collapsed-AMOC climate can provide and the 423 

calories the current human system requires. This metric establishes the required scale for future 424 

market adaptations, shifting trade partnerships, and resilient food deployments. 425 

5.5 Economic modelling 426 

To estimate the humanitarian impact of an AMOC collapse on global cereal prices and broad 427 

affordability, we ran a partial equilibrium model focusing exclusively on cereals, utilizing the 428 

framework of Hinge et al.44. The model translates a multi-year yield shock across the global cereal 429 

market into a price shock by simulating dynamic shifts in consumer, producer, and storage 430 

behavior. It operates as a surplus optimization problem across discrete crop-year time steps, where 431 

agents adjust production and storage decisions to maximize utility and profits based upon rational 432 

expectations of future yields and prices. Inventories link these discrete periods through arbitrage, 433 

subject to an assumed annual cost of carry of 7.6% of the prevailing cereal price. 434 

Because supply elasticity—the degree to which a change in prices results in a corresponding 435 

expansion or contraction of crop output—varies significantly depending on warning time, baseline 436 

climate pressures, and regulatory constraints, differing studies yield divergent estimates 45,46. To 437 

account for this uncertainty, the model evaluates the 5.3% biophysical yield deficit under two 438 

bounding elasticity scenarios, utilizing log-log functions for both supply and demand. 439 

Pessimistic Bound (short-run elasticity): This scenario assumes farmers have limited information 440 

regarding the AMOC collapse, or that their capacity to raise output is heavily constrained by 441 

compounding climate pressures. Utilizing elasticity estimates for unexpected yield shocks 16, 442 

global cereal demand elasticity is set at -0.066 and supply elasticity at 0.097. To accurately capture 443 



expectations and price variance, the model solves for the equilibrium by running a Monte Carlo 444 

simulation of 10,000 random yield scenarios to find the point of minimum expected availability. 445 

Under these constrained parameters, compounding the modeled 5.3% yield deficit establishes a 446 

pessimistic upper bound, driving a global price spike of up to 40% above baseline levels. 447 

Optimistic Bound (long-run elasticity): However, over the multi-decadal time frame of an AMOC 448 

collapse, agricultural markets could exhibit significantly higher elasticity, reducing the shock. 449 

Driven by sustained price rises and the need for more output, farmers and processors could expand 450 

cultivated areas, increase farming intensity, and shift crops currently utilized for feed and biofuels 451 

toward direct human consumption. The long-run elasticity of cereal supply has been estimated as 452 

high as 1.19 47, suggesting that with more time to respond (six years in the study). However, 453 

estimates vary, and a more recent IMF estimate gives long run elasticity to be around 0.498 for a 454 

basket of cereals 48. If this long-run elasticity applies instead, and farmers can significantly alter 455 

their planting patterns and input usage, the structural 5.3% yield deficit would result in a sustained, 456 

long-term price increase of approximately 17.5%.  457 
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Extended Data 479 

Irrigation Bounding Scenarios  480 

To validate the primary Precipitation-Scaled Irrigation scenario utilized in the main text, two 481 

extreme methodological bounds were established to quantify the absolute limits of the biophysical 482 

hazard. Evaluating the extreme bounds of the irrigation proxy demonstrates the critical mitigating 483 

role of global water infrastructure.  484 

Optimistic Bound (Full Irrigation): This scenario assumes current global irrigation applications 485 

continue unabated despite the severe hydrological deficits introduced by an AMOC collapse. 486 

Under this parameter, the global caloric penalty is heavily buffered, resulting in a 3.3% structural 487 

decline. 488 

  489 



 490 

Extended Data Figure 1: Optimistic biophysical bounds of global caloric yield anomalies under a Full 491 

Irrigation scenario. This sensitivity analysis maps the spatial distribution of yield changes assuming all 492 

present-day irrigation applications continue unabated despite severe hydrological deficits triggered by an 493 

AMOC collapse. The buffering capacity of unconstrained global water infrastructure isolates the shock 494 

from the precipitation deficit, limiting the aggregate global caloric penalty to a 3.3% decline. 495 

Pessimistic Bound (No Irrigation): This scenario assumes a complete failure of all irrigation 496 

infrastructure, leaving crops entirely rainfed. While this establishes a firm lower bound, it is 497 

practically unrealistic, as a significant portion of global irrigation is drawn from deep 498 

groundwater aquifers or resilient surface water systems that would not deplete immediately upon 499 

a precipitation shock. Under this unmitigated parameter, the biophysical shock is severely 500 

compounded, driving a 13.7% absolute reduction in global baseline calories. 501 



 502 

Extended Data Figure 2: Pessimistic biophysical bounds of global caloric yield anomalies under a No 503 

Irrigation scenario. This sensitivity analysis demonstrates the absolute lower biophysical bounds of crop 504 

viability, assuming a complete failure of global irrigation infrastructure and transitioning all agricultural 505 

grid cells to strictly rainfed conditions. The compounding effects of the AMOC-induced thermal shock and 506 

unmitigated moisture deficits drive a severe 13.7% absolute reduction in global baseline caloric 507 

production.   508 



Data Availability 509 

The HadGEM3-GC3.1-MM climate anomaly dataset utilized in this study is publicly available via 510 

Zenodo at https://zenodo.org/records/18303958. 511 

The crop model outputs can be downloaded at https://doi.org/10.17605/OSF.IO/JB8ST. 512 

Code Availability 513 

The Mink global gridded crop model framework is available at: https://github.com/allfed/mink. 514 

The complete trade model calculations can be found at: 515 

https://doi.org/10.5281/zenodo.20935272.  516 

The partial equilibrium economic model is available at: 517 

https://osf.io/qh8zu/?view_only=37f584585957445885921cddbd2a5e78. 518 
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