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A hybrid policy-research paper synthesising the April 2026 FAO-WMO joint report, Spain's structural
vulnerabilities, international best practices, and strategic scenarios for 2026–2035.

Executive Summary
On Earth Day, April 22, 2026, the Food and Agriculture Organization and the World Meteorological Organization jointly
released their most alarming food security assessment to date: "Extreme Heat and Agriculture." The report's headline
figures are not forecasts. They are present reality. More than one billion people's livelihoods are already threatened by
extreme heat. Half a trillion work hours are lost annually. Ninety-one percent of the world's oceans experienced marine
heatwaves in 2024. Each degree Celsius of additional warming erases roughly 6% of yields across the four staple crops that
feed humanity. The 2010 Russian heatwave, which destroyed a fifth of its wheat harvest and triggered the global price spiral
that lit the Arab Spring, is no longer an extreme outlier — it is a rehearsal. At 2°C of warming, the probability of
simultaneous multi-breadbasket failure rises from 6% to 54%. The 2026 Hormuz fertilizer shock — which sent urea prices up
28% in a week — demonstrated that the food system's vulnerabilities extend far beyond the farm.

Spain stands at the sharpest edge of this crisis in Western Europe. It is simultaneously the world's largest olive oil producer,
the EU's number one pig producer, and Europe's breadbasket for fresh vegetables — yet it imports the majority of its wheat
in drought years, is near-totally dependent on Brazil and Argentina for the soy that feeds its livestock, and has watched its
olive harvest collapse from 1.5 million tonnes to 680,000 tonnes in a single season. The country that boasts the EU's largest
desalination capacity uses those plants to supply less than 5% of its water. Its reservoirs swung from 16% capacity in
Catalonia (2024) to 82.5% nationally (February 2026) — not recovery, but volatility, and volatility is the signature of a
climate system under stress. The 2025 National Food Strategy (ENA) is the country's first serious attempt at a food
sovereignty framework, but it contains no binding self-sufficiency targets, no strategic reserve policy, and no crisis response
protocol. The architecture of vulnerability is intact.

This paper presents the evidence, the international lessons, the four futures Spain faces between now and 2035, and an
eleven-priority blueprint for strategic transformation. It concludes with a Kabbalistic reading that situates the crisis in the
oldest wisdom tradition about scarcity and abundance, storage and survival. The choice Spain faces is not whether to pay —
it will pay regardless. The choice is whether to pay proactively with €25–35 billion over ten years and gain sovereignty, or
reactively with €40–60 billion under crisis conditions and lose it.

A critical dimension of this paper — addressed in depth in Section VI — is the collapse of Europe's fertilizer manufacturing
base. Between 2021 and 2026, Europe shut or permanently curtailed more than half of its ammonia production capacity.
Yara, BASF, CF Industries, Fertiberia, and a dozen other producers withdrew from production across the continent as
natural gas prices — which account for 70–90% of ammonia production cost — rendered European factories uncompetitive.
The EU's nitrogen import dependency jumped from 32% in 2021 to 45% in 2022 and has not recovered. Food security, it turns
out, cannot exist without fertilizer security. The 2026 Hormuz crisis made this equation viscerally clear: when the Strait
closed and 3–4 million tonnes per month of fertilizer trade was stranded, European farming costs spiked within days. Spain,
with the EU's highest fertilizer application intensity at 115 kg/ha, felt the impact immediately. The green ammonia hub at
Puertollano — now operational at 100 MW — points toward the structural solution. But the scale required dwarfs what has
been deployed. Fertilizer sovereignty belongs on the same strategic agenda as water sovereignty and grain reserves.
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I. The Warning: A Civilization at the Breaking
Point

The April 2026 FAO-WMO Report

On April 22, 2026, the FAO and WMO jointly released "Extreme Heat and Agriculture" — a 108-page landmark
assessment described by its authors as the most comprehensive institutional analysis to date of how heat is reshaping food
production globally (FAO Newsroom | WMO Press Release | UN News). FAO Director-General Qu Dongyu called extreme
heat "a major risk multiplier, exerting mounting pressure on crops, livestock, fisheries and forests, and on the communities
and economies that depend upon them." WMO Secretary-General Celeste Saulo added: "Extreme heat is increasingly
defining the conditions under which agrifood systems operate. More than simply an isolated climatic hazard, it acts as a
compounding risk factor that magnifies existing weaknesses across agricultural systems."

The headline numbers are stark (FAO | ReliefWeb):

Metric Figure

People whose livelihoods are threatened by extreme heat >1 billion

Work hours lost annually to extreme heat in agriculture ~500 billion

Global ocean experiencing marine heatwaves (2024) 91%

Yield loss per 1°C rise (maize, rice, soy, wheat combined) ~6%

Annual heat-stress crop losses in low-income countries ~$37 billion

Days per year too hot to work (South Asia, Sub-Saharan Africa,
projected)

Up to 250

The Numbers Behind the Warning

The per-degree-yield losses are not uniform. Maize is the most heat-sensitive major crop, losing an estimated 7.4% of yield per
degree Celsius — in tropical zones, projected losses reach 14.5–27.4% under high-emissions scenarios (Nature Scientific
Reports 2025). Wheat loses 6.0–6.2% per degree, with arid zones losing 8.1%/°C (Nature 2025). Rice loses 3.1–3.2% per degree
under baseline warming but enters an accelerated damage zone after 3.13°C, when losses steepen to −7.14%/°C. Soybean loses
3.1% per degree. In aggregate, each 1°C rise reduces total global caloric production by approximately 4.4%, according to
Yale-Stanford meta-analyses. By 2100 under current trajectories, global crop yields could fall 24% while food demand rises
35–56%.

Already — before the warming that is already locked into the system plays out — yields of barley, maize, and wheat are
4–13% lower than they would have been without climate trends (Phys.org / Stanford PNAS study). In most cases, these losses
have already outweighed the CO2 fertilization benefits that were supposed to compensate.

From Heat to Arab Spring: The Canonical Cascade

The 2010 Russian heatwave is the most important case study in modern food-security history, precisely because it was not
exceptional by future standards — it was a preview. In the summer of 2010, Russia experienced its most intense heatwave in
130 years of record-keeping. A flash drought expanded to cover most of Russia's wheat-producing regions by early July,
hitting exactly during the flowering stage of both winter and spring wheat. In top wheat-producing oblasts, yields fell by

https://www.fao.org/newsroom/detail/extreme-heat-is-pushing-agrifood-systems-to-the-brink-worldwide/en
https://wmo.int/news/media-centre/extreme-heat-pushes-agrifood-systems-brink
https://news.un.org/en/story/2026/04/1167352
https://www.fao.org/newsroom/detail/extreme-heat-is-pushing-agrifood-systems-to-the-brink-worldwide/en
https://reliefweb.int/report/world/extreme-heat-and-agriculture-fao-wmo-joint-report
https://www.nature.com/articles/s41598-025-07405-8
https://www.nature.com/articles/s41598-025-07405-8
https://www.nature.com/articles/s41586-025-09085-w
https://phys.org/news/2025-05-drought-quietly-global-crop-yields.html
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over 70%. Total wheat production fell by roughly 20 million metric tonnes (Climate-Diplomacy case study).

On August 5, 2010, Prime Minister Putin banned all grain exports. Since June 2010, wheat prices had already surged
approximately 90% on drought fears. The export ban drove prices higher still. Egypt — which sourced roughly 50% of its
wheat from Russia at $183/tonne — was forced to buy from France and the United States at ~$280/tonne: an additional cost
of $696.8 million in a single year. Wheat flour prices spiked in Mozambique, triggering riots. Pakistan's 16% wheat price
increase deepened poverty by 1.6% (World Bank estimate). In Egypt and Tunisia, bread price increases ignited the social
conditions for the Arab Spring uprisings of 2010–2011 (Oxfam International | University of Nebraska Digital Commons).

That event involved a single country's partial crop failure. The emerging risk at 2°C warming is simultaneous failure across
multiple major exporters — a scenario for which no international coordination mechanism exists, and which global reserves
are insufficient to buffer beyond one to two years.

The Multi-Breadbasket Probability Jump

Oxford University research quantifies this risk precisely: for maize, the probability of simultaneous multiple breadbasket
failure jumps from 6% at historical baseline to 40% at 1.5°C to 54% at 2°C warming (Oxford Climate Research). For wheat,
simultaneous failure risk increases by 40% between 1.5°C and 2°C. The McKinsey Global Institute estimated that by 2030,
the probability of a >15% shock to global grain production will double from a 1-in-100-year event to 1-in-50 years — an 18%
likelihood of occurrence within the 2030s (Wikipedia — Multiple Breadbasket Failure).

The 2026 Hormuz Fertilizer Shock

The Strait of Hormuz crisis of early 2026 illustrated food systems' compounding exposure with stunning clarity. Tanker
traffic through Hormuz collapsed by more than 90% within days. The strait carries approximately 20 million barrels of oil
per day, one-fifth of global LNG, and up to 30% of internationally traded fertilizers. Half of global sulfur trade — critical
for phosphate fertilizer production — passes through it. Middle East granular urea prices rose 19% in the first week of March
2026; Egyptian urea prices surged 28%. The FAO projected global fertilizer prices could average 15–20% higher in the first
half of 2026 if the crisis persisted — with roughly half the global population depending on crops grown with manufactured
fertilizers affected within a single growing season (FAO Chief Economist | IFA Fertilizer Association).

https://climate-diplomacy.org/case-studies/droughts-and-grain-export-ban-russia
https://www.oxfam.org/en/research/impact-russias-2010-grain-export-ban
https://digitalcommons.unl.edu/poliscifacpub/116/
https://www.climate.ox.ac.uk/publication/1003598/ora-hyrax
https://en.wikipedia.org/wiki/Multiple_breadbasket_failure
https://www.fao.org/newsroom/detail/fao-chief-economist-warns-of-severe-global-food-security-risks-from-disruption-to-strait-of-hormuz-trade-corridor/en
https://www.fertilizer.org/news/protect-fertilizer-supply-chains-to-safeguard-global-food-security/
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II. The Mechanism: How Heat Kills a Harvest

Temperature Thresholds: The Biological Kill Switch

The FAO-WMO report describes crop heat damage as operating through multiple simultaneous biological pathways. Yield
declines begin above 30°C for most major crops. Above that threshold, heat weakens cell walls, produces toxic reactive
oxygen species (ROS) compounds, damages cellular membranes, disrupts photosynthesis-to-respiration ratios, and reduces
carbon sequestration. But the acutest mechanism — pollination failure — operates through precise, brief threshold events
(JIRCAS | Frontiers in Plant Science | Kansas State Agronomy):

Crop Critical threshold Duration Effect

Rice 33.7°C pre-flowering 1 hour Spikelet sterility; empty husks

Rice 35°C reproductive period 5 days
Spikelet sterility and seed
failure

Wheat (pollen) 88°F / 31°C
During pollen formation (5–7
days pre-flower)

Pollen sterility; reduced grain
number

Wheat (severe) 35°C+ with hot winds Days (March–April)
Severe grain shortening;
shriveled grain

Maize 35°C Hours during pollination Pollen tube failure; ear sterility

Most crops 30°C Sustained Yield decline begins

Livestock 25°C Sustained
Stress begins; organ failure
follows

The key insight is not the peak temperature but the timing. A few hours at 33.7°C during rice flowering causes a
phenomenon called "blanking" or "blindness": the plant looks healthy but produces empty husks because fertilization never
occurred. The harvest is lost in an afternoon. For wheat, the critical window is the five to seven days before flowering and
the three days following. A hot wind during that window means the grain-filling stage never completes — the kernels that
form are shriveled and nutritionally inferior even if they appear whole.

The Drought-Evaporation Feedback Loop

Extreme heat directly drives water stress through multiple pathways that are self-reinforcing. Higher temperatures increase
evapotranspiration dramatically. Dry soil then absorbs more solar radiation and transfers heat directly to the atmosphere.
The IPCC Special Report on Climate Change and Land confirms: dry soil conditions favor and strengthen summer
heatwave conditions through reduced evapotranspiration and increased sensible heat — creating a self-reinforcing
drought-heat loop (IPCC SRCCL). A decade-long field experiment found that extreme drought decreased subsoil organic
carbon stocks by 27–37% in the 20–40 cm layer — representing potentially irreversible loss. Degraded drylands shift from
carbon sinks to carbon sources, releasing CO2 that further accelerates warming (PNAS 2026).

Livestock Cascades

Most livestock species begin experiencing physiological stress above 25°C — lower for pigs and poultry, which cannot cool
themselves by sweating (FAO). Persistent exposure triggers a cascade: reduced feed intake → lower growth rates → digestive
breakdown → organ failure → cardiovascular shock → death. Dairy cows produce less milk with lower fat and protein

https://www.jircas.go.jp/en/program/proc/blog/20220705
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2023.1137923/full
https://eupdate.agronomy.ksu.edu/article/effects-of-high-temperatures-on-wheat-494
https://www.ipcc.ch/srccl/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12933107/
https://www.fao.org/newsroom/detail/extreme-heat-is-pushing-agrifood-systems-to-the-brink-worldwide/en
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content. Swine experience reduced fertility and lower litter sizes. The US dairy industry alone loses approximately $1.2
billion annually from heat stress. Each tonne of protein output requires more animal metabolism under heat stress,
worsening the carbon footprint of animal-sourced food in a feedback loop that compounds both climate and food security
pressures.

The Price Cascade: Why a 1% US Corn Shortfall Means 2% Global
Price Rise

The architecture of global food trade is dangerously concentrated. The United States produces roughly one-third of the
world's corn and soybeans, almost entirely as dryland (non-irrigated) agriculture. Using heat degree-day metrics, scientists
accurately anticipated the 25% yield loss during the 2012 corn belt drought. Because the US provides roughly a third of
global corn and soy, even a 1% domestic shortfall can push global prices up more than 2% (Harvard Salata Institute). A
catastrophic year of −20 to −25% would cause a supply shock with no historical precedent in peacetime. India's 2022
emergency wheat export ban — triggered by a 4 million tonne shortfall — immediately forced Egypt to pay $280/tonne
instead of $183/tonne: a 53% price jump that cost Egypt an extra $696.8 million in a year (Climate-Diplomacy).

https://salatainstitute.harvard.edu/climate-change-will-raise-world-food-prices/
https://climate-diplomacy.org/case-studies/droughts-and-grain-export-ban-russia
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III. Spain on the Front Line
This is the paper's central section. Spain is not merely an observer of a global crisis — it is on the crisis's sharpest

European edge.

The Paradox: Exporter and Importer Simultaneously

Spain holds approximately 26.7 million hectares of total agricultural land, the second-largest agricultural area in the EU
after France, representing 52.9% of national territory (Geo Factbook). Its agrifood sector recorded an all-time highest trade
surplus of over €18 billion in 2024, ranking it the fourth-largest food exporter in the EU and seventh globally (La Moncloa,
February 2025). Spain is the world's largest olive oil producer, Europe's largest pig producer, and the source of over 40% of
Europe's fresh winter vegetables. By any surface measure, it is a food powerhouse.

But the surplus conceals a structural fragility that is extraordinary in its specificity:

Commodity Self-Sufficiency Status

Olive oil Major net exporter (67% of EU output, 40% global)

Fruits and vegetables Net exporter (citrus, greenhouse produce)

Wine Net exporter

Pork Net exporter (EU #1)

Soft wheat Net importer — heavy dependency on Ukraine, France

Soybeans/protein feed Near-zero domestic production; imports ~5–6 million tonnes/year

Sunflower oil Net importer

Fertilizers Nearly entirely import-dependent

Spain is highly self-sufficient in specialty and high-value products while being strategically dependent on imports for the
foundational inputs of its entire livestock sector — grain and soybeans — and for its own cereal consumption in drought
years. The €18 billion surplus is produced partly on the basis of importing the raw materials that keep the livestock sector
alive (CaixaBank Research, October 2024).

The Water Paradox: From 16% to 82.5%

Spain's water crisis follows a pattern of violent oscillation that signals deepening climate instability rather than recovery:

◆ 2022: Reservoir levels fell critically, with Andalusia and the Guadalquivir and Guadiana basins among the worst
affected — the worst in modern history (DW, May 2023)

◆ 2023–2024: Catalonia's reservoirs dropped to 16% capacity, triggering emergency desalination investments of €467
million; national reserves stood at 47.7% — the lowest since 1995 (WaterHQ World, 2025)

◆ August 2025: National average fell to 63.9% in August, still below safe levels in key southern basins (Molino Villas,
August 2025)

◆ February 2026: After exceptional winter rainfall, national reserves reached 82.5% — a record high since 1988 — but
the southeast remained in deficit (Tridge/PEefeagro, February 2026)

https://geofactbook.com/countries/spain/agricultural-land
https://www.lamoncloa.gob.es/lang/en/gobierno/news/paginas/2025/20250217-exports.aspx
https://www.lamoncloa.gob.es/lang/en/gobierno/news/paginas/2025/20250217-exports.aspx
https://www.caixabankresearch.com/en/sectoral-analysis/agrifood/spains-agrifood-sector-enjoys-revival-2024-thanks-moderation-production
https://www.dw.com/en/spanish-olive-growers-feel-pain-from-early-drought/a-65554647
https://waterhq.world/issue-sections/country-reports/spain/spain-announces-major-investment-in-desalination-to-combat-catalan-drought/
https://www.molinovillas.com/en/blog/spain-water-crisis-drought-2025
https://www.molinovillas.com/en/blog/spain-water-crisis-drought-2025
https://www.tridge.com/news/spain-surpasses-maximum-reservoir-water-leve-vjxncy
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The swing from 16% to 82.5% is not proof of resilience. It is proof of volatility. Climate scientists project that Mediterranean
hydrology will increasingly follow exactly this pattern: long drought periods interrupted by intense precipitation events that
exceed storage capacity. The Segura basin in southeastern Spain already operates at a "normal" demand equivalent to 132%
of average annual available resources (Real Instituto Elcano, December 2024).

Spain is Europe's largest desalination nation, with over 60 plants and capacity of approximately 4.8 million cubic metres per
day (We Build Value, September 2024). Yet desalinated water currently represents less than 5% of total water consumed in
Spain — with 25% potential coverage for irrigation needs available. The infrastructure exists. The political will to scale it
does not.

The Olive Collapse: A Climate Signal in Numbers

The olive sector experienced the most dramatic heat-and-drought impacts of any Spanish commodity, making it the clearest
visible signal of what climate change means for food production (Columbia University State of the Planet, March 2026):

Season Spain Production Change Notes

2021/22 ~1.5 million tonnes Average Pre-drought benchmark

2022/23 ~680,000 tonnes −55%
Drought + heat burned blossoms
directly

2023/24 ~846,000 tonnes +24% recovery Still −34% below 5-year average

2024/25 ~1.4 million tonnes +65% recovery Recovery year

2025/26
Early data: −20 to −30% in
Andalusia

Declining again
Non-irrigated groves down 70%
in some zones

The mechanism is direct: heat waves in early spring burn olive blossoms before fruit set — a threshold effect that cannot be
mitigated with irrigation because the damage occurs in hours, not days. Prices of top-shelf Spanish olive oil rose to nearly
three times normal during the 2022–2024 shortfall. In Jaén province — the world's highest-production olive zone —
individual farmers reported 70% yield reductions in 2022 (DW, 2023). Approximately 70% of Andalusia's olive growing area is
non-irrigated (rain-fed), making it directly and immediately exposed to both drought and spring heat waves (Olive Oil
Times, January 2026).

The Cereal Crisis and the Ukraine Dependency

The 2022–2023 cereal crisis was the most severe grain production shock in post-Franco Spain. Winter cereals produced in
2023 totalled 8.7 million tonnes — roughly half the five-year average of 15.7 Mt. The 2024 recovery brought production back
to 16.4 Mt, but this rebound depends on rainfall patterns that climate models do not guarantee (La Vanguardia, December
2024).

The shortfall triggered imports at unprecedented scale. In the 2023/24 marketing year, Spain imported approximately 5.9
million tonnes of Ukrainian wheat — making it by far the EU's largest buyer. In January 2024, the EU imported ~800,000
tonnes of Ukrainian wheat in a single month; 600,000 tonnes (75%) went to Spain (Tridge/Agropopular, October 2024). In
the 2024/25 full marketing year, Spain ranked second globally after Turkey in total Ukrainian grain imports at 6.24 million
tonnes (Latifundist, July 2025). Ukraine's share of Spain's total wheat imports rose to 58% in the second half of 2024/25
(Miller Magazine, March 2025).

This concentration creates a single-point-of-failure risk. Any interruption to Ukrainian exports — escalation of the war, port
closures, grain deal collapse — would require Spain to rapidly source equivalent volumes from alternative origins at higher
cost.

https://www.realinstitutoelcano.org/en/commentaries/spains-stressful-water-problem/
https://www.webuildvalue.com/en/global-economy-sustainability/drought-spain-water-resources-management.html
https://news.climate.columbia.edu/2026/03/24/as-climate-change-exacerbates-extreme-weather-olive-oil-feels-the-squeeze/
https://www.dw.com/en/spanish-olive-growers-feel-pain-from-early-drought/a-65554647
https://www.oliveoiltimes.com/business/early-data-points-to-weaker-olive-oil-production-across-andalusia/142987
https://www.oliveoiltimes.com/business/early-data-points-to-weaker-olive-oil-production-across-andalusia/142987
https://www.lavanguardia.com/mediterranean/20241223/10233884/spain-loses-job-agriculture-drought-economy-water-food-cereal-fruit-olive-price.html
https://www.lavanguardia.com/mediterranean/20241223/10233884/spain-loses-job-agriculture-drought-economy-water-food-cereal-fruit-olive-price.html
https://www.tridge.com/news/spain-remains-the-main-importer-of-grain-fro-jrwwxk
https://latifundist.com/en/novosti/67933-v-uza-ozvuchili-osnovnih-importeriv-ukrayinskogo-zerna-v-minulomu-sezoni
https://millermagazine.com/blog/ukrainian-grain-match-turkey-scores-in-corn-spain-holds-the-wheat-line-6097
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The Soy Dependency: Feeding Pigs on Brazilian Deforestation

Spain produced fewer than 5,000 tonnes of soybeans domestically in recent years — effectively zero commercial production.
Annual soy imports total 5–6 million tonnes, making Spain the EU's third-largest soy importer after the Netherlands and
Germany. In 2023, Spain imported 5.049 million tonnes, with 74% from Brazil (primarily from Amazon and Cerrado
biomes) and 22% from the United States (Mighty Earth Report, July 2024). This is not a short-term anomaly — it is the
structural foundation of Spain's intensive livestock sector. The country has no viable domestic protein crop alternative at
scale.

Regional Anatomy of Vulnerability

Almería contains the world's largest concentration of greenhouse horticultural production: between 30,000–50,000 hectares,
supplying more than 40% of Europe's fresh vegetables in winter months (ScienceDirect, 2025). It receives only 200 mm of
rainfall per year and exists in a desert climate entirely dependent on groundwater, desalinated water, and the Tajo-Segura
transfer. Production reached 3.82 million metric tonnes in 2023. Any sustained reduction in Tajo-Segura transfers or
groundwater availability would be existential for this system. In May 2025, Spain's Supreme Court ruled that ecological flow
requirements must be immediately respected — threatening future transfer volumes to the southeast (Water News Europe,
June 2025).

Andalusia produces approximately 70% of Spain's total olive oil. Approximately 70% of its olive growing area is
non-irrigated. The Doñana aquifer — feeding the Santa Olalla lagoon, which dried up completely in 2022, 2023, and 2024 —
is under sustained overextraction from strawberry and berry farming with more than 1,000 illegal wells (Phys.org/CSIC,
February 2024). The Court of Justice of the EU condemned Spain for failing to protect the site in 2021.

Galicia accounts for 41.6% of Spain's national milk production — over 3 million metric tonnes annually, ranking 9th in EU
dairy (DairyNews Today, February 2025). Its Atlantic climate makes it significantly more resilient to heat and drought than
any other Spanish agricultural region. Its risk is indirect: feed cost exposure through soy and grain import prices.

Cataluña and Aragón together account for 75.4% of Spanish pork exports (Rotecna, January 2025). Spain is the EU's largest
pig producer. The sector is entirely dependent on imported soy protein (~5 million tonnes per year) and faces mounting
regulatory pressure over ammonia emissions — the agriculture sector produces 97% of Spain's ammonia, exceeding EU
targets. Pigs are particularly heat-sensitive, experiencing reduced feed intake, weight loss, and fertility declines at sustained
temperatures above 25–28°C — temperatures now routinely exceeded across southern and central Spain.

What Climate Models Project

The EU Joint Research Centre's PESETA IV models project yield losses under warming scenarios that are not distant
concerns — they are trajectories already in motion (EU JRC PESETA IV 2020):

Crop/Scenario Projected Loss Scenario

Wheat (Southern Europe, rain-fed) Up to −49% by 2050 RCP8.5

Maize (rain-fed, if irrigation fails) >80% decline in Spain, Portugal, Bulgaria RCP8.5, 2050

Olive suitability (non-irrigated Andalusia) Up to −80% suitability by 2100 ClimateAI high-emissions

Average river flow (national) Up to −24% nationally by end of century NCCAP 2020

Spain has already recorded +1.5°C over the 50-year trend. More than 75% of Spanish territory is at risk of desertification,
according to the European Environment Agency (The Portugal News, April 2026).

The Policy Gap: ENA Without Teeth

https://mightyearth.org/wp-content/uploads/2024/07/pillados_ing5.pdf
https://www.sciencedirect.com/science/article/pii/S2772375525007464
https://www.waternewseurope.com/spanish-supreme-court-ruling-affects-tagus-segura-water-transfers/
https://www.waternewseurope.com/spanish-supreme-court-ruling-affects-tagus-segura-water-transfers/
https://phys.org/news/2024-02-evidence-aquifer-exploitation-impacts-iconic.html
https://phys.org/news/2024-02-evidence-aquifer-exploitation-impacts-iconic.html
https://dairynews.today/global/news/galicia-leads-spanish-milk-production-growth-in-2024.html
https://www.rotecna.com/en/blog/the-spanish-pig-sector-european-leader-in-2024/
https://joint-research-centre.ec.europa.eu/system/files/2020-05/pesetaiv_task_3_agriculture_final_report.pdf
https://www.theportugalnews.com/news/2026-04-03/desertification-in-spain-and-portugal-the-shifting-sands-of-iberias-future/1000233
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Spain's National Food Strategy (ENA), presented in January 2025, is the country's first comprehensive long-term food policy
framework (MAPA ENA Executive Summary). It articulates the principle of "Open Strategic Autonomy" — food sufficiency
without abandoning trade. But it contains three critical absences:

1. No binding self-sufficiency targets for specific commodities (wheat, protein crops, fertilizers)

2. No strategic reserves policy — unlike France or Germany, Spain has no formal emergency food stock mechanism

3. No crisis response protocol specifying triggers, stockpile activation procedures, or import substitution plans for
scenarios in which both domestic production fails and global grain markets are disrupted simultaneously

The concept of "Open Strategic Autonomy" relies on global trade remaining functional — an assumption that the Ukraine
war, COVID-19 supply chain disruptions, and the 2026 Hormuz shock have already shown cannot be taken for granted
(OECD, 2023).

https://www.mapa.gob.es/dam/mapa/contenido/alimentacion/temas/estrategia-nacional-de-alimentacion/0.-subhome/executivesummaryena.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2023/06/policies-for-the-future-of-farming-and-food-in-spain_9acda081/a93d26be-en.pdf
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IV. What the World Already Knows — and Spain
Must Learn

Israel: Integration as the Key

Israel is arguably the world's most instructive case study in water scarcity management. More than 60% of its territory is
desert or semi-arid. Per capita renewable fresh water availability collapsed from 504 MCM in 1967 to just 98 MCM in 2015.
Yet Israel now produces 20% more water than it needs — a reversal achieved through simultaneous deployment of
desalination, wastewater reuse, and precision irrigation at national scale (Unpacked Media | Jewish Virtual Library).

Drip irrigation — invented in Israel — now waters 75% of Israeli crops, with plants absorbing 95% of the water applied
versus dramatically lower rates under conventional irrigation. Israel now reuses 86–90% of all wastewater for agricultural
purposes; Spain reuses only 17% (Unpacked Media). Israel's Shafdan facility processes 470,000 m3/day of raw sewage and
supplies more than 60% of all Negev desert agriculture — 140 MCM/year of clean reclaimed water. The Mekorot national
water utility manages Israel's entire water system — aquifers, freshwater, desalination, and recycled water — as a single
integrated network, enabling cross-source optimization that Spain's fragmented basin-authority structure cannot achieve.
Israel is also home to the world's second-largest agri-food tech ecosystem, with 637 companies as of early 2024 (Startup
Nation Central).

Israel's success was not one technology. It was an integrated system: desalination supplies cities, freeing aquifer water;
wastewater from cities is recycled for agriculture; drip irrigation maximizes the efficiency of every cubic metre delivered.
Spain already uses drip irrigation in parts of Almería and Murcia, with ~22% of irrigated cropland generating 65% of crop
value (CaixaBank Research, 2024). Scaling to Israeli levels of drip and wastewater reuse could effectively triple the
productivity of every cubic metre of water currently available.

The Netherlands: Twice the Food on Half the Resources

The Netherlands is the globe's number two food exporter by value, second only to the United States — which has 270 times
its land area (National Geographic). Its national commitment: "Twice as much food using half as many resources." Key
metrics:

◆ Water use per kilogram of tomatoes: <4 gallons (Dutch greenhouse) vs. 16 gallons (open field)

◆ 90% reduction in water use for key crops since 2000

◆ 60% reduction in antibiotic use since 2009

◆ Chemical pesticide use in greenhouses: effectively eliminated

◆ $111 billion in agricultural exports from a country of 17 million

Wageningen University & Research (WUR) anchors Food Valley — a cluster modelled on Silicon Valley where 15 of the
world's top 20 agrifood businesses have major R&D centres (World Economic Forum). The Dutch "golden triangle" —
institutionalised public-private-university partnership — produces consistent innovation. The RegeneraCat project in
Catalonia has already demonstrated that Spanish soils can achieve up to 35% higher soil carbon and 9% higher water
retention under regenerative versus conventional practices — validating that this model applies on Spanish ground.

Singapore: Honest About Failure

Singapore imports more than 90% of its food. In 2019, it set an ambitious "30 by 30" goal: produce 30% of nutritional needs
locally by 2030. In November 2025, Sustainability Minister Grace Fu acknowledged the goal had been "quite ambitious" and

https://unpacked.media/how-israel-used-scientific-innovation-to-beat-its-water-crisis/
https://www.jewishvirtuallibrary.org/how-israel-used-innovation-to-beat-its-water-crisis
https://unpacked.media/how-israel-used-scientific-innovation-to-beat-its-water-crisis/
https://startupnationcentral.org/hub/blog/israeli-agrifood/
https://startupnationcentral.org/hub/blog/israeli-agrifood/
https://www.caixabankresearch.com/en/sectoral-analysis/agrifood/spains-agrifood-sector-enjoys-revival-2024-thanks-moderation-production
https://www.nationalgeographic.com/magazine/article/holland-agriculture-sustainable-farming
https://www.weforum.org/stories/2019/11/netherlands-dutch-farming-agriculture-sustainable/
https://www.creaf.cat/en/articles/regenerative-agriculture-produces-healthier-food-and-can-accumulate-35-more-carbon-soil-conventional-agriculture
https://www.creaf.cat/en/articles/regenerative-agriculture-produces-healthier-food-and-can-accumulate-35-more-carbon-soil-conventional-agriculture
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dropped it — citing severe land constraints, high labour and energy costs, and alternative protein economics below
projections. The revised Singapore Food Story 2 targets 20% fibre and 30% protein self-sufficiency by 2035, while expanding
stockpiles and diversifying import sources to more than 180 countries (Reuters | Green Queen).

Singapore's experience is instructive precisely in failure: it shows the limits of single-pathway strategies, the importance of
honesty about production ceilings, and the irreplaceable role of import diversification and strategic stockpiling in any
realistic food security architecture. Singapore also made history in December 2020 as the world's first country to approve
cultivated meat for commercial sale — a regulatory first-mover decision that positioned it to shape the global alt-protein
industry (CNBC).

Australia: Water Markets and Dry-Climate Wisdom

The Murray-Darling Basin (MDB) is Australia's agricultural heartland and home to one of the world's most mature water
trading markets. The MDB Plan established scientifically-based sustainable diversion limits and a cap-and-trade mechanism
for water entitlements. The results are striking: during the Millennium Drought (2005–2008), water use fell 57% while gross
value of irrigated agricultural production in the MDB fell only ~14% — the market reallocated water from lower-value to
higher-value uses, dramatically cushioning the economic blow (AGWA Murray-Darling).

The principle behind this success — using price signals to allocate water to highest-value uses — directly addresses Spain's
most documented governance failure: water pricing for agriculture that is well below full cost recovery, and groundwater
effectively uncharged in most basins. Without price signals, conservation incentives are weak regardless of technology
investment (Real Instituto Elcano, 2024).

Morocco: Neighbour, Competitor, and Mirror

Morocco is Spain's most important agricultural neighbour — simultaneously its most instructive peer and most direct
competitor in Mediterranean produce markets. Seven consecutive years of drought through 2025 have driven a crisis of
remarkable severity: wheat harvest swung from 11.47 million tonnes in 2015 to 3.35 million tonnes in 2016 — a 70% collapse
in a single drought year. FAO's Kaveh Zahedi: "This led to a fall in cereal yields by over 40 percent. It decimated the
olive and citrus harvest." (Arab News / FAO-WMO)

Morocco has responded with ambition. Its Plan Maroc Vert drove agricultural modernisation, and as of 2025, the country
operates 17 desalination plants producing 345 MCM annually, with four plants under construction that will add 540 MCM
by 2027. Its 2030 targets call for 1.7 billion cubic metres of desalinated water annually, with all new plants powered by 100%
renewable energy (Arab News). Agri-food exports between Morocco and Spain grew from $430 million to $1.2 billion in five
years — a near-tripling (Atalayar). In December 2025, Spain and Morocco signed new agricultural and fisheries cooperation
agreements covering sustainable agriculture, food security, innovation, and aquaculture (Tridge/PEefeagro).

Morocco's rapid adoption of desalination and solar-powered drip irrigation — driven by existential water stress — makes it
a useful test bed for technologies Spain is considering. An innovation partnership rather than pure competition would benefit
both nations.

Strategic Reserves: The China-Switzerland Spectrum

At one extreme, China holds an estimated ~70% of global corn reserves, more than 50% of global wheat stockpiles, and ~70%
of global rice stocks, with total warehouse capacity exceeding 730 million tonnes (LinkedIn / World Grain | Global Times).
The model is fully public, state-directed, and designed to sustain 1.4 billion people through major disruptions. China also
banned exports of nitrogen-potassium fertilizer blends and certain phosphate varieties in March 2026 — demonstrating that
it views fertilizer as a geopolitical instrument as readily as grain (Agriculture of America).

At the other extreme, Switzerland maintains 3–4 months of full caloric coverage (2,300 kcal/person/day) at a cost of just 13
Swiss francs (≈€14) per person per year — approximately €800 million annually for Spain's population. The Swiss model is

https://www.reuters.com/world/asia-pacific/singapore-drops-2030-food-self-sufficiency-goal-minister-says-2025-11-04/
https://www.greenqueen.com.hk/singapore-30-by-30-cultivated-meat-food-security-policy/
https://www.cnbc.com/2020/12/01/singapore-issues-first-regulatory-approval-for-lab-grown-meat-to-eat-just.html
https://www.alliance4water.org/wr4er-cases/australia-economic-resilience-through-adaptation-in-the-murray-darling-basin
https://www.realinstitutoelcano.org/en/commentaries/spains-stressful-water-problem/
https://www.arabnews.com/node/2640861/amp
https://www.arabnews.com/node/2625281/middle-east
https://www.atalayar.com/en/articulo/economy-and-business/the-food-sector-is-positioned-strategic-economic-hub-between-morocco-and-spain/20251114111723220433.html
https://www.tridge.com/news/spain-signs-two-new-agreements-on-agricultur-kebckx
https://www.linkedin.com/posts/world-grain_trade-grain-agriculture-activity-7407072517296865281-kQ6l
https://www.globaltimes.cn/page/202510/1345610.shtml
https://www.agricultureofamerica.com/2026/03/19/china-curbs-fertilizer-exports-tightening-global-supply-amid-conflict/
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remarkable: private sector holds stocks under mandatory obligation, storing grain in grain mills and oil in oil companies,
meaning emergency release is immediate without logistics delay. The governance principle is explicit: "As long as
production is feasible, we will not release stocks. Price is not a factor." (SwissCommunity)

Novel Technologies: The Next Frontier

Precision fermentation uses genetically optimised microorganisms to produce specific proteins through fermentation at
industrial scale, achieving 3× productivity gains at 3,000-litre scale and 50% cost reductions — decoupling protein
production from land, water, and weather (GFI). Seaweed farming requires no land, no freshwater, and no chemical
fertilizers, while absorbing up to 10 tonnes of CO2 per hectare per year and generating protein at less than 25% of the carbon
emissions of vegetable production (Nature Conservancy). Spain's Atlantic and Mediterranean coastlines represent an
exceptional untapped seaweed aquaculture opportunity.

Agrivoltaics — the dual use of land for solar energy and crop production simultaneously — produces documented crop yield
increases of 20–60% by moderating heat stress, reducing evaporation, and protecting against extreme weather, while
generating energy income for farmers (Blue Power Partners). Spain has the highest solar irradiance in the EU; agrivoltaics
could resolve the solar-versus-agriculture land conflict while simultaneously addressing water efficiency and Spain's
renewable energy targets. Regenerative agriculture has been demonstrated in Catalonia's RegeneraCat project to produce
35% more soil carbon and 9% greater water retention compared to conventional plots (CREAF) — with no yield penalty
once the transition period is complete.

https://www.swisscommunity.org/en/news-media/swiss-revue/article/switzerlands-emergency-stocks
https://gfi.org/resource/fermentation-meat-seafood-eggs-dairy-and-ingredients-state-of-the-industry/
https://www.nature.org/en-us/what-we-do/our-insights/perspectives/blue-carbon-seaweed-nature-based-climate-solution/
https://bluepowerpartners.com/agrivoltaics-unlocking-land-efficiency-through-dual-solar-agriculture-use-part-i/
https://www.creaf.cat/en/articles/regenerative-agriculture-produces-healthier-food-and-can-accumulate-35-more-carbon-soil-conventional-agriculture
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V. The Four Futures: Scenarios for Spain
2026–2035
Spain's current position represents a baseline cereal self-sufficiency of 64%, near-zero domestic soy production, no strategic
food reserves, and an annual import bill approaching €65 billion for food and agricultural products (Banco de España).
From this baseline, four distinct futures are possible by 2035.

Dimension A — Business as
Usual

B — Partial
Adaptation

C — Strategic
Transformation

D — Crisis
Response

Probability 35% 40% 15% 10–15%

Investment (10 years) €0 additional €8–12B €25–35B €40–60B (emergency)

2035 cereal
self-sufficiency

58–60% 65–68% 78–82% 70–75% (post-crisis)

Strategic reserves None 30 days 90 days 60 days (rebuilt)

Rural jobs (net) −40,000 +20,000 +100,000 +50,000

Crisis resilience Low Medium High Medium (rebuilt)

2035 annual import bill €85–95B €72–80B €53–60B €65–75B

Cost if major food crisis
hits

€30–50B €20–30B €8–12B €40–60B (triggered)

Scenario A (35% probability): Business as Usual. Spain continues its current trajectory. CAP subsidies remain oriented
toward large exporters. Rural depopulation continues. Cereal self-sufficiency falls to 58–60% as drought-driven yield losses
outpace recovery. The annual food import bill reaches €85–95 billion by 2035. No strategic reserve program is launched.
Each major food crisis costs Spain an estimated €8–12 billion in direct economic impact.

Scenario B (40%): Partial Adaptation. Spain implements the ENA and Law Against Food Waste. Some increase in
agricultural R&D. The EU CAP post-2027 provides modest reorientation toward resilience. Cereal self-sufficiency improves
modestly to 65–68%. A 30-day emergency stock regime is discussed but not fully enacted. Investment totals €8–12 billion
over ten years, mostly EU-funded. This scenario achieves resilience for "normal" disruptions but remains vulnerable to
compound crises — simultaneous drought, geopolitical shock, and EU solidarity failure.

Scenario C (15%): Strategic Transformation. Spain launches a comprehensive National Food Security and Sovereignty
Program. Cereal self-sufficiency reaches 78–82% by 2035. Strategic reserves reach 90-day coverage. The rural jobs base
grows by 100,000. Investment totals €25–35 billion over ten years, funded substantially through CAP post-2027 (€12–15
billion available for Spain), Next Generation EU, Horizon Europe, and EIB loans. The net present value of this investment is
positive within 8–12 years at a 4% discount rate, driven by avoided crisis costs and import substitution savings. The low
probability (15%) reflects Spain's minority government structure, the difficulty of sustaining decade-long programs, and
resistance from powerful agribusiness interests — not the lack of economic case.

Scenario D (10–15%): Crisis Response. Spain fails to invest proactively. A major compound event — a Mediterranean
mega-drought coinciding with global food crisis — triggers emergency legislation, rationing system activation, and
mobilisation at 2–3× the cost of proactive investment. Consumer food price inflation reaches 25–35%. GDP impact is 3–5%
annually during crisis years. Political instability follows. The crisis premium is enormous: €40–60 billion spent under

https://www.bde.es/wbe/en/noticias-eventos/blog/la-seguridad-alimentaria-cual-es-el-papel-de-la-produccion-interna-y-las-importaciones-en-el-suministro-de-alimentos-de-espana.html
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emergency conditions versus €25–35 billion spent with planning and purpose.

The expected value calculation is clear. Probability-weighted crisis exposure under Scenario A is approximately €14 billion
in expected value of loss. Under Scenario C, it falls to €1.5 billion. The difference pays for the investment multiple times over
— before counting the positive externalities of rural employment, export growth, and environmental restoration.
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VI. The Fertilizer Collapse: Europe's Silent
Wound
The food security crisis of the twenty-first century has many faces: drought, heat, geopolitical shock, supply chain fragility.
But one wound has been inflicted almost silently, in industrial parks across Belgium, Germany, the UK, and Spain, in the
language of balance sheets and gas contracts rather than harvest reports: the systematic dismantling of Europe's fertilizer
manufacturing base. Between 2021 and 2026, Europe experienced the most severe deindustrialization of its fertilizer sector
since the Second World War — and the food system consequences are only beginning to be understood.

Pre-Crisis Capacity: A Continent's Nitrogen Backbone

Before the crisis, Europe operated one of the world's most significant nitrogen fertilizer industries. The EU-27 alone
maintained 32 ammonia production facilities with a combined nameplate capacity of approximately 17.7 million tonnes per
year of ammonia (Hydrogen Europe, 2023). Including the UK and Norway, total European capacity stood at approximately
19 million tonnes per year (EPOC Belgium analysis). Europe produced approximately 17.3 million tonnes of fertilizer
nutrients in 2021, representing 8% of global nitrogen production, 3% of phosphate, and 6% of potash (Fertilizers Europe Facts
& Figures 2023). This was not luxury capacity. It was the continent's agricultural life-support system.

The reason it collapsed so completely, so quickly, is a single chemical fact: natural gas is not merely the energy source for
ammonia production — it is the chemical feedstock. The Haber-Bosch process uses steam methane reforming of natural gas
to produce hydrogen, which then combines with atmospheric nitrogen to form ammonia. This dual role — energy plus
feedstock — means natural gas cannot be substituted without replacing the entire production technology. And it means that
natural gas accounts for 70–90% of total ammonia production costs in Europe; at the 2022 peak, the EU Commission's own
Communication placed the figure at 90% of ammonia cost being attributable to natural gas (CAP Reform / EU Commission
Communication, Nov 2022).

The August 2022 Collapse: 50–70% of Capacity Curtailed
Simultaneously

When Russian gas curtailments accelerated through 2022, the effect on European fertilizer production was
near-instantaneous. European producers faced gas prices 3–10× higher than US or Russian competitors (Fertilizers Europe).
At the August 2022 peak, CRU Group confirmed that approximately 50% of European capacity had been curtailed or
shuttered; the European Commission noted the figure reached 70% at the absolute peak (CRU Group, Aug 2022). Argus
Media estimated that ~17.85 million tonnes per year of European ammonia production capacity was offline or would be
within weeks (Argus Media, Jan 2023). This was not a temporary operational pause. It was a structural rupture.

Period
Share of EU Ammonia
Capacity Curtailed or
Shuttered

Source

Q4 2021 ~70% (temporary, first wave)
Fertilizers Europe via New AG
International

Aug 2022 (peak)
50% confirmed curtailed; EC noted 70% at
absolute peak

CRU Group, Aug 2022

Q1–Q2 2023 ~40–50% still curtailed Fertilizers Europe

Q1 2024 ~10–20% curtailed Fertilizers Europe

https://hydrogeneurope.eu/wp-content/uploads/2023/03/2023.03_H2Europe_Clean_Ammonia_Report_DIGITAL_FINAL.pdf
https://epocbelgium.be/sites/epoc/files/Ammonia%20phase%20out%20consequence%20_%202.pdf
https://www.fertilizerseurope.com/wp-content/uploads/2023/07/Industry-Facts-and-figures-2023.pdf
https://www.fertilizerseurope.com/wp-content/uploads/2023/07/Industry-Facts-and-figures-2023.pdf
https://capreform.eu/import-dependence-for-nitrogen-supply/
https://capreform.eu/import-dependence-for-nitrogen-supply/
https://www.fertilizerseurope.com/gas-prices-2/
https://www.crugroup.com/en/communities/thought-leadership/2022/europe-nitrogen-capacity-closure-and-cost-tracker/
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2413410-polish-ammonia-production-drops-by-19pc-in-2022
http://www.newaginternational.com/specialty-fertilizer/yara-has-announced-that-it-is-closing-its-400000-t-y-ammonia-plant-at-tertre-belgium/
http://www.newaginternational.com/specialty-fertilizer/yara-has-announced-that-it-is-closing-its-400000-t-y-ammonia-plant-at-tertre-belgium/
https://www.crugroup.com/en/communities/thought-leadership/2022/europe-nitrogen-capacity-closure-and-cost-tracker/
http://www.newaginternational.com/specialty-fertilizer/yara-has-announced-that-it-is-closing-its-400000-t-y-ammonia-plant-at-tertre-belgium/
http://www.newaginternational.com/specialty-fertilizer/yara-has-announced-that-it-is-closing-its-400000-t-y-ammonia-plant-at-tertre-belgium/
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Period
Share of EU Ammonia
Capacity Curtailed or
Shuttered

Source

March 2026
New curtailment wave; Duslo to "technical
minimum"; production costs exceed import
prices

QC Intel/Bloomberg, March 2026; S&P
Global, March 2026

The Plant Closures: Names, Dates, Permanent Losses

What began as curtailments hardened into permanent closures. The following table documents the major European
casualties — companies that were, until recently, the backbone of European fertilizer supply.

Company Site Country Capacity (t
NH3/yr) Action Date Status

(2026)

Yara Hull UK 300,000
Permanently
mothballed

Jan–Feb 2025 Closed

Yara Tertre Belgium 400,000

Ammonia unit
closure (site
converts to
nitrates)

Oct 2024
(announced)

Ammonia
closing

Yara
Montoir/Le
Havre

France ~400,000
Repurposed/clos
ed for ammonia
production

2024–2025 Closed

Yara Ferrara Italy ~600,000
Repeated
curtailments

2022–ongoing Reduced

Yara
European
portfolio
aggregate

Multiple 3,100,000 equiv.

Curtailment at
peak; 1 Mt/yr
permanent
reduction
announced Feb
2025

Aug 2022; Feb
2025

Partially
recovered

BASF Ludwigshafen Germany ~500,000 (est.)

One of two
plants
permanently
closed

March 2023 One plant closed

CF Fertilisers Ince UK ~500,000 (est.)
Permanent
closure

June 2022 Closed

CF Fertilisers Billingham UK
Ammonia
capacity

Permanent
ammonia
closure

July 2023 Ammonia closed

Fertiberia
Huelva (NPK
line)

Spain N/A (NPK)
NPK line
permanently
closed

Oct 2024 Closed

Fertiberia
Palos, Sagunto,
Avilés

Spain Various
Curtailments,
reduced
operations

2022–ongoing Reduced

https://www.qcintel.com/ammonia/article/slovak-producer-cuts-ammonia-output-on-gas-price-surge-reports-60695.html
https://www.spglobal.com/energy/en/news-research/latest-market-news/agriculture/030426-european-ammonia-production-costs-exceed-imports-as-gas-prices-surge
https://www.spglobal.com/energy/en/news-research/latest-market-news/agriculture/030426-european-ammonia-production-costs-exceed-imports-as-gas-prices-surge


KABBALAH MARKETS WHEN THE SUN BECOMES THE ENEMY

KABBALAH MARKETS — 18 — JAI · 18 · LIFE

Company Site Country Capacity (t
NH3/yr) Action Date Status

(2026)

LAT Nitrogen/B
orealis

Grandpuits France —
Stopped
ammonia
production

Early 2022 Closed

LAT Nitrogen Linz Austria
~545,000 (site
total)

Production
reduced; green
project paused

2024–ongoing Reduced

Achema Jonava Lithuania ~600,000

Repeated
temporary
suspensions;
May 2025
suspension

2022–2025 Intermittent

Grupa Azoty
Puławy,
Kędzierzyn,
Police, Tarnów

Poland
Part of 2.9 Mt
combined

Multiple
suspensions
2022–2023

Aug
2022–March
2023

Partially
recovered

Anwil (PKN
Orlen)

Włocławek Poland
~965,000
(fertilizer)

Halted;
restarted under
political pressure
"for food
security"

Aug 2022 Operating

Duslo Šaľa Slovakia N/A
Curtailed to
"technical
minimum"

Aug 2022, March
2026

Reduced

OCI Nitrogen Geleen Netherlands
~3,200,000 (total
nitrogen
products)

Reduced
utilization; pivot
to import/distrib
ution

2022–ongoing Reduced

Yara International is the central story. Europe's largest fertilizer producer curtailed 35% of its European ammonia capacity
in 2022 (Industrial Info Resources, Aug 2022). By end of April 2023, it had curtailed an annualized 2.8 million tonnes — 58%
of its European capacity (Yara Q1 2023 Report). By February 2025, Yara announced a permanent reduction of 1 million
mt/yr of European ammonia production: 300,000 tonnes from the Hull mothballing, 400,000 tonnes from the Tertre closure,
and 300,000 tonnes from "optimization" (S&P Global, Feb 2025). Yara's global production fell from a 2019 peak of 8.48
million tonnes to 6.39 million tonnes in 2023 — a structural decline, not a cyclical dip (Argus Media, March 2024).

BASF at Ludwigshafen represents a civilisational warning. The world's largest integrated chemical complex permanently
closed one of its two ammonia plants in March 2023, driven by additional energy costs of €3.2 billion globally in 2022, with
higher natural gas costs accounting for 69% of that increase (Agriland, March 2023). By 2026, BASF had eliminated
approximately 4,800 jobs at Ludwigshafen due to structurally higher energy costs, and the entire German chemical sector
was operating at average capacity utilization of just 70% (Coin Bureau Finance/YouTube, March 2026). BASF Chairman
Dr. Martin Brudermüller stated that "Europe's competitiveness is increasingly suffering from overregulation, slow and
bureaucratic permitting processes, and in particular, high costs for most production input factors" — a diagnosis that applies
equally to the fertilizer sector as a whole (Informa Connect, March 2023).

CF Industries UK closed its Ince plant permanently in June 2022 (affecting up to 283 jobs) and permanently closed the
ammonia unit at its Billingham site in July 2023 (AgriTrade News, June 2022; CF Industries press release, July 2023). The
Billingham reasoning was precise: ammonia production "will not be cost-competitive for the long-term compared to

https://www.industrialinfo.com/news/article/european-ammonia-production-slashed-by-high-gas-prices--313801
https://www.yara.com/siteassets/investors/057-reports-and-presentations/quarterly-reports/2023/1q-2023/yara-1q-2023-report.pdf
https://www.linkedin.com/posts/matt-hoisch-943372109_breaking-yara-international-has-halted-ammonia-activity-7293677152351211521-eShw
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2551419-yara-curtails-2023-european-ammonia-production-by-19pc
https://www.agriland.ie/farming-news/basf-closes-ammonia-production-plant-in-germany/
https://www.youtube.com/watch?v=HjQUlmBgG4I
https://informaconnect.com/basf-to-close-fertilizer-production-at-ludwigshafen/
https://agritradenews.co.uk/news/2022/06/09/cf-to-close-ince-factory/
https://www.cfindustries.com/newsroom/2023/billingham-ammonia-plant
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importing ammonia due primarily to projected high natural gas prices in the United Kingdom" (BC Insight/CRU).

Achema in Lithuania (600,000 t/yr capacity) suspended ammonia production repeatedly from September 2022, cycling
through stoppages in December 2022, throughout 2023, and again in May 2025, citing "volatility of natural gas prices and
competition from cheaper foreign imports" (BC Insight, May 2025).

Grupa Azoty — Poland's state-controlled EU third-largest fertilizer producer — simultaneously suspended or curtailed all
four of its ammonia production sites (Puławy, Kędzierzyn, Police, Tarnów) in August 2022. Polish ammonia production fell
19% in 2022 vs. 2021, with second-half production down 32% (Argus Media, Jan 2023).

Duslo in Slovakia was among the first to feel the March 2026 Hormuz shock, cutting ammonia production to "technical
minimum" as European TTF gas prices surged over 70% to more than €60/MWh — and European domestic ammonia
production costs momentarily exceeded the price of imported product at $697/mt (QC Intel, March 2026; S&P Global,
March 2026).

From Exporter to Importer: The Trade Balance Collapse

The capacity destruction produced a trade balance reversal of historic magnitude. The EU had historically maintained a
near-balanced nitrogen fertilizer trade position. The 2022 crisis shattered this:

◆ The EU's share of nitrogen consumption met by imports: 28% in 2019, 30% in 2020, 32% in 2021, then 45% in 2022 as
production collapsed (CAP Reform, April 2025)

◆ In 2022, the EU imported 5.1 million tonnes of nitrogen fertilizer nutrients but exported only 0.5 million tonnes — a
structural deficit of 4.6 million tonnes (Fertilizers Europe Facts & Figures 2023)

◆ By 2022, imported products accounted for 46% of EU nitrogen consumption, 45% of phosphate consumption, and 58%
of potash consumption (Fertilizers Europe Facts & Figures 2023)

◆ Between 2022 and 2025, confirmed capacity investments in European chemicals fell from 2.7 million tonnes in 2022 to
just 300,000 tonnes by 2025 — an 86% decline (SUNSIRS/Cefic, March 2026)

The new import geography created its own vulnerabilities. By 2023, Russia provided approximately 23% of EU urea imports
— rising to over 30% by 2024 despite the war (Fertilizers Europe EU Parliament presentation, Jan 2025). According to the
EU Commission, approximately 22% of EU fertilizer imports in 2025 still came from Russia, worth €1.3 billion in the first
half of the year alone (Euronews, March 2026). EU sanctions from July 2025 imposed staggered volume duties on
Russian/Belarusian nitrogen fertilizers, set to reach €430/tonne by 2028 — but in the meantime, Europe remained
structurally dependent on the fertilizer of a country with which it was at war.

The most consequential shift: by 2025, Morocco's OCP Group had displaced Russia as the EU's largest single fertilizer
supplier, accounting for 19% of EU fertilizer imports, surpassing Russia (which fell to 12.8%) and Egypt (12%) (Green Times
Morocco, Dec 2025).

Strategic Implications: The Geopolitics of Nutrients

Three geopolitical realities now define Europe's fertilizer vulnerability with the same clarity that Gazprom once defined its
gas vulnerability.

Morocco's OCP Group controls access to more than 70% of the world's proven phosphate rock reserves and holds a 31%
market share of the world phosphate product market (OCP Wikipedia). Jorf Lasfar, Morocco, is the world's largest fertilizer
complex and the world's largest fertilizer export site. OCP generated revenues of US$9.76 billion in 2024 and saw a 21%
revenue surge in H1 2025 (LinkedIn/OCP post, Sept 2025). Morocco is not merely a supplier — it is a strategic counterpart
whose cooperation will define Europe's phosphate security for decades. The opportunity, as this paper's Morocco section
(Section IV) notes, is real: agricultural and fisheries cooperation agreements signed in December 2025 between Spain and

https://www.bcinsight.crugroup.com/wp-content/uploads/sites/7/2024/11/FI_516.pdf
https://www.bcinsight.crugroup.com/2025/05/03/achema-to-suspend-ammonia-production/
https://www.argusmedia.com/en/news-and-insights/latest-market-news/2413410-polish-ammonia-production-drops-by-19pc-in-2022
https://www.qcintel.com/ammonia/article/slovak-producer-cuts-ammonia-output-on-gas-price-surge-reports-60695.html
https://www.spglobal.com/energy/en/news-research/latest-market-news/agriculture/030426-european-ammonia-production-costs-exceed-imports-as-gas-prices-surge
https://www.spglobal.com/energy/en/news-research/latest-market-news/agriculture/030426-european-ammonia-production-costs-exceed-imports-as-gas-prices-surge
https://capreform.eu/import-dependence-for-nitrogen-supply/
https://www.fertilizerseurope.com/wp-content/uploads/2023/07/Industry-Facts-and-figures-2023.pdf
https://www.fertilizerseurope.com/wp-content/uploads/2023/07/Industry-Facts-and-figures-2023.pdf
https://www.sunsirs.com/uk/detail_news-31096.html
https://www.fertilizerseurope.com/wp-content/uploads/2025/01/Tiffanie_STEPHANI_Event_MEP_Hetman_20241120_FINAL-002.pdf
https://www.euronews.com/2026/03/20/europes-fertiliser-crisis-prices-surge-due-to-iran-war-and-dependence-on-russia
https://en.greentimes.ma/fertilizers-morocco-becomes-the-leading-supplier-to-the-european-union-by-2025/
https://en.greentimes.ma/fertilizers-morocco-becomes-the-leading-supplier-to-the-european-union-by-2025/
https://en.wikipedia.org/wiki/OCP_Group
https://www.linkedin.com/posts/ebrahim-argha-3355211a4_ocp-morocco-business-activity-7378664995125010432-0ATk
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Morocco create the framework for a deeper partnership. But the dependency itself must be named.

Russia and Belarus retain the capacity to weaponize nitrogen and potash. Russia exported 45 million tonnes of fertilizers in
2025 — the world's largest — while simultaneously being subject to escalating EU duties (Euronews, March 2026). In March
2026, Russia's Agriculture Ministry suspended ammonium nitrate exports for at least one month, citing domestic spring
planting priorities — demonstrating that fertilizer is now, like grain, an instrument of state power (Wedbush, March 2026).
Potash from Belarus remains banned; without Belarusian potash (once a major source), EU potash sourcing now depends on
Russia (40%), Norway (26%), and Morocco (13%) (IFPRI, Nov 2022).

China's March 2026 export ban — covering nitrogen-potassium fertilizer blends and certain phosphate varieties — meant
that combined with existing restrictions, 50–75% of China's fertilizer exports could be restricted, up to 40 million tonnes of
product (American Ag Network, March 2026). This eliminated Europe's ability to source replacement supply during the
Hormuz disruption. China has weaponized fertilizer "quietly": maintaining restrictions and relaxing them as acts of
apparent goodwill rather than economic pressure — precisely the geopolitical playbook Russia used with gas from 2006 to
2022 (Korea Times).

The Strait of Hormuz — through which approximately one-third of globally traded seaborne fertilizer and one-third of
globally traded urea passes — proved the chokepoint (Carnegie Endowment for International Peace, March 2026). When it
closed in early 2026, more than 1.1 million tonnes of fertilizer — including 570,000 tonnes of urea — were stranded in
Persian Gulf countries by late March (World Economic Forum, April 2026). The closure stalled an estimated 3–4 million
tonnes per month of fertilizer trade (Global Agriculture, April 2026). Middle East granular urea prices rose 19% in the first
week of March 2026; Egyptian urea prices surged 28% (CNBC, March 2026).

Spain's Specific Wound

Spain is Europe's most fertilizer-intensive agricultural economy, consuming approximately 115 kg per hectare of arable land
— the highest in the EU, driven by intensive horticulture in Valencia (203.1 kg/ha) and Murcia (202.8 kg/ha) (StatBase,
2025). Spain is a structural net importer of fertilizers, with a fertilizer trade deficit of 2 million tonnes in 2020 and a
domestic self-sufficiency rate of just 83% (CaixaBank Research, Oct 2022).

Fertiberia's closures removed a critical domestic buffer. The permanent closure of the Huelva (Francisco Montenegro) NPK
line in October 2024, with Fertiberia citing "enormous competitive pressure and a significant drop in consumption in Spain
and Europe," was not merely a corporate decision — it was a withdrawal from Spain's nutritional security architecture (QC
Intel, Oct 2024). Curtailments at Palos de la Frontera, Sagunto, and Avilés further reduced the domestic production cushion.

The cost to Spanish farmers was immediate and severe. Fertilizer prices rose 137% year-on-year in March–April 2022 in
Spain (CaixaBank Research, Oct 2022). Primary sector production fell 8.8% in real terms in 2022 due to the input cost shock
combined with drought (Netherlands Ministry of Agriculture, Oct 2023). Even after the partial normalization of 2023,
agricultural input costs remained approximately 35% above the 2019 average (Netherlands Ministry of Agriculture, Oct
2023). Spanish farmers launched major protests in 2024 and February 2026, with over 300 tractors converging on central
Madrid, citing fertilizer and input cost pressures alongside the EU-Mercosur trade deal (European Conservative, Feb 2026).

The Structural Solution: Green Ammonia

The strategic response to Europe's ammonia dependency is unambiguous in technical terms: electrolysis-based green
ammonia, produced from renewable electricity and water, decouples fertilizer production from fossil gas entirely. Two
facilities prove the concept is operational, not theoretical.

Iberdrola/Fertiberia Puertollano (Castile-La Mancha) is Europe's pioneer. A 20 MW electrolyzer began operations in May
2022, fed by Iberdrola's adjacent solar field. By November 2025, Iberdrola brought the 100 MW expansion online —
producing green hydrogen for Fertiberia's local ammonia plant at over 200,000 t/yr capacity, preventing 48,000 tonnes of
CO2 per year, at a total investment of €150 million (Energies Media, Nov 2025). This is the European model: solar-rich

https://www.euronews.com/2026/03/20/europes-fertiliser-crisis-prices-surge-due-to-iran-war-and-dependence-on-russia
https://investor.wedbush.com/wedbush/article/marketminute-2026-3-30-fertilizer-supply-crisis-global-food-security-threatened-as-prices-soar-amid-2026-conflict-related-disruptions
https://www.ifpri.org/blog/how-sanctions-russia-and-belarus-are-impacting-exports-agricultural-products-and-fertilizer/
https://www.americanagnetwork.com/2026/03/19/china-curbs-fertilizer-exports-tightening-global-supply-amid-conflict/
https://www.koreatimes.co.kr/world/20260402/why-spike-in-fertiliser-prices-may-boost-chinas-political-clout-amid-iran-war-shockwaves
https://carnegieendowment.org/emissary/2026/03/fertilizer-iran-hormuz-food-crisis
https://www.weforum.org/stories/2026/04/beyond-oil-lng-commodities-impacted-closure-hormuz-strait/
https://www.global-agriculture.com/crop-nutrition/understanding-how-the-strait-of-hormuz-conflict-is-disrupting-global-fertilizer-supply-chains/
https://www.cnbc.com/2026/03/25/fertilizer-prices-surge-amid-iran-war-sparking-food-security-warnings
https://statbase.org/data/esp-fertilizer-consumption/
https://statbase.org/data/esp-fertilizer-consumption/
https://www.caixabankresearch.com/en/sectoral-analysis/agrifood/spains-agricultural-sector-and-its-dependence-international-agricultural
https://www.qcintel.com/ammonia/article/spain-s-fertiberia-to-close-solid-npk-line-in-huelva-30224.html
https://www.qcintel.com/ammonia/article/spain-s-fertiberia-to-close-solid-npk-line-in-huelva-30224.html
https://www.caixabankresearch.com/en/sectoral-analysis/agrifood/spains-agricultural-sector-and-its-dependence-international-agricultural
https://www.agroberichtenbuitenland.nl/actueel/nieuws/2023/10/25/spain-maintaining-the-competitiveness-of-the-agri-food-sector-in-the-face-of-adverse-conditions
https://www.agroberichtenbuitenland.nl/actueel/nieuws/2023/10/25/spain-maintaining-the-competitiveness-of-the-agri-food-sector-in-the-face-of-adverse-conditions
https://www.agroberichtenbuitenland.nl/actueel/nieuws/2023/10/25/spain-maintaining-the-competitiveness-of-the-agri-food-sector-in-the-face-of-adverse-conditions
https://europeanconservative.com/articles/news-corner/spanish-farmers-spain-madrid-demonstration-tractors-protest-mercosur-agriculture-deal/
https://energiesmedia.com/iberdrola-green-hydrogen-plant-online-in-spain/
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southern Spain producing green hydrogen to power domestic fertilizer manufacturing.

Yara Herøya (Porsgrunn, Norway) opened in June 2024, with a 24 MW PEM electrolyzer — the largest in Europe at
opening — producing 20,500 mt/year of renewable ammonia and cutting approximately 41,000 mt/yr of CO2 from the
Porsgrunn site (S&P Global, June 2024). Norway's Prime Minister inaugurated the plant personally.

Beyond these two operational facilities, a clean ammonia corridor is emerging. Yara Clean Ammonia and Cepsa announced
a 2025 alliance establishing the Algeciras–Rotterdam corridor — the first clean hydrogen maritime corridor between Spain
and the Netherlands, using ammonia as the carrier (PatSnap, April 2026). Ammonia's properties as a hydrogen carrier —
storing 121 kg H2 per cubic metre, liquefying at a manageable −33°C versus −253°C for liquid hydrogen, and costing
$0.042–0.173 per kg per 100 km to transport — make it the most viable intercontinental clean energy vector (PatSnap, April
2026). Spain's Cepsa/Fertiberia 1 GW green hydrogen project at La Rábida (Huelva) and the Copenhagen Infrastructure
Partners/Vestas/Enagás project at Sagunto/Aragón extend the pipeline of coming capacity.

The scale challenge is sobering: the Puertollano and Herøya projects together replace only a fraction of what Europe has lost.
Scaling to the 15–19 million t/yr of pre-crisis capacity would require hundreds of gigawatts of dedicated renewable electricity
and capital investment measured in hundreds of billions of euros. The EU's RESourceEU Action Plan (adopted December 4,
2025) is a promising step, with a mid-2026 action plan specifically supporting domestic fertilizer production and recycled
nutrients (European Sting, Dec 2025). But policy coherence is lacking: the simultaneous imposition of CBAM on fertilizers
(raising import costs) and withdrawal of domestic production (due to the very energy costs CBAM is meant to address)
creates a structural contradiction that has not been resolved.

The Fundamental Insight

The Heinrich Böll Foundation captured the situation with precision in March 2026: "Fossil-based fertilisers are a weak link
in Europe's food security" (Heinrich Böll Stiftung, March 2026). Nitrogen fertilizers — produced almost entirely from
ammonia — underpin approximately half of global food production. The non-linear nature of fertilizer dose-response means
small reductions in application translate to disproportionately large yield losses, particularly at the already-optimal
application rates common in EU farming. FAO warned that elevated fertilizer prices could reduce yields for
fertilizer-intensive crops such as wheat, rice, and maize, with significant global food price consequences (FAO, March 2026).

Europe's fertilizer dependency now rivals its former oil and gas dependency — but with fewer short-term alternatives and
more direct consequences for the food chain. Unlike energy, where electrification and heat pumps provide medium-term
substitution pathways, there is no alternative to nitrogen in the growing of wheat, maize, or any other staple crop at the
yields modern populations require. Food security cannot exist without fertilizer security. This is the silent wound: not
dramatic enough to mobilize the urgent response that gas dependency triggered, but more fundamental in its consequences if
unaddressed.

https://www.spglobal.com/energy/en/news-research/latest-market-news/energy-transition/061024-yara-starts-up-europes-largest-green-hydrogen-plant-in-norway
https://www.patsnap.com/resources/blog/articles/ammonia-as-hydrogen-carrier-2026-technology-landscape/
https://www.patsnap.com/resources/blog/articles/ammonia-as-hydrogen-carrier-2026-technology-landscape/
https://www.patsnap.com/resources/blog/articles/ammonia-as-hydrogen-carrier-2026-technology-landscape/
https://europeansting.com/2025/12/04/commission-adopts-resourceeu-to-secure-raw-materials-reduce-dependencies-and-boost-competitiveness/
https://www.boell.de/en/2026/03/31/fossil-fuel-based-fertilisers-are-weak-link-europes-food-security
https://www.fao.org/newsroom/detail/fao-chief-economist-warns-of-severe-global-food-security-risks-from-disruption-to-strait-of-hormuz-trade-corridor/en
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VII. The Strategic Transformation Plan: A
Blueprint for Spain
The following ten priorities synthesise the evidence, the international models, and the scenario analysis into a coherent
action agenda. Together they constitute a National Food Sovereignty Programme that could be operationalised under
existing EU frameworks and Spain's own constitutional architecture.

Cost: €25–35 billion over 10 years. Funding: CAP post-2027 (€300 billion EU-wide; Spain entitled to ~€12–15 billion), Next
Generation EU, Horizon Europe, EIB loans. Jobs: 88,000–120,000 direct, with 220,000–300,000 indirect/induced at a 2.5×
multiplier. The eleven priorities below include a dedicated National Green Ammonia Strategy (Priority 11), reflecting the
critical fertilizer security dimension analysed in Section VI.

1. National Food Sovereignty Law with Binding Self-Sufficiency
Targets

Spain must enact legislation establishing enforceable self-sufficiency targets: wheat 75%, protein crops 50%, olive oil and
oilseeds 85%. The existing ENA articulates aspirations; the Law must create binding obligations, performance measurement,
and a minister's legal accountability to the Cortes. The model is France's loi foncière agricole — a legislative floor that no
budget cycle can simply override. Without binding targets, every CAP-funded investment is vulnerable to redirection toward
political convenience.

2. Strategic Food Reserves Authority (Swiss-Chinese Hybrid
Model)

A new National Food Security Authority must be established with three core functions: setting mandatory stock levels for
private operators (Swiss model), managing a public strategic reserve of 30% of national target stocks, and operating under
defined emergency trigger criteria. The 90-day target should be phased: 30 days within 18 months of enactment, 60 days
within 36 months, 90 days within 60 months. The Swiss per-capita cost benchmark (€14/person/year, ~€650–800 million
annually for Spain) shows this is fiscally achievable. Stocks should follow the Mediterranean diet alignment of Spain's
natural production strengths: wheat flour, olive oil, legumes, canned fish, rice. Storage facilities should be distributed across
at least 15–20 nodes in Castilla y León, Aragón, Andalucía, Valencia, Galicia, and the Canary Islands, with no single
facility holding more than 8–10% of national reserves.

3. National Water Law 2.0 — Pricing Reform, Unified Management,
50% Desalination Expansion

Spain's current water governance is a basin-by-basin system that prevents the integrated optimisation Israel's Mekorot
achieves nationally. A National Water Authority with cross-basin allocation authority is the structural prerequisite for
rational water use. Equally essential is pricing reform: agricultural water must reflect true scarcity costs, as the OECD
documents that 50–85% of water costs are recovered in urban supply but far less in agriculture (Real Instituto Elcano, 2024).
Spain's €14.9 billion announced water infrastructure investment must be deployed alongside pricing signals — not as a
substitute for them. The government should target a 50% expansion in desalination capacity beyond the current 4.8 million
m3/day, with all new plants powered by renewable energy and dedicated to agricultural use in the most water-stressed
basins.

https://www.realinstitutoelcano.org/en/commentaries/spains-stressful-water-problem/
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4. Accelerated Drip and Recycled Water Rollout — 50% of
Irrigation on Drip by 2030

Spain currently uses drip irrigation on approximately 54% of its irrigated surface. The target must be 70%+ by 2030, matched
with a programme to increase wastewater reuse from the current 17% to 60%+ — Israel's level — within ten years. Royal
Decree 1085/2024 has already established the legal framework for water reuse (Garrigues, October 2024). The
implementation programme must be accelerated, with the Segura and Júcar basins as priority zones. The Jevons paradox
(where efficiency gains are offset by area expansion) must be closed by coupling efficiency investments to volumetric caps on
total agricultural water withdrawal per basin.

5. Regenerative Agriculture Programme — 2 Million Hectares
Certified by 2030

Leveraging the results of the RegeneraCat project — 35% more soil carbon, 9% greater water retention — Spain should
launch a national programme incentivising regenerative practices across 2 million hectares by 2030. Payments should be
based on verified soil carbon outcomes (carbon credits) rather than practice-based subsidies, creating long-term financial
incentives for continuous improvement. The dehesa agroforestry system — traditional Spanish mixed woodland/pasture
with 1,000+ years of validation — should be explicitly protected and expanded. Regenerative transition costs should be
partially absorbed through CAP eco-scheme redirections.

6. Agrivoltaics National Programme — 10 GW on Farmland by 2032

Spain's combination of the EU's highest solar irradiance, severe heat stress on crops, and rapid solar development on
agricultural land creates a unique agrivoltaic opportunity. A mandatory agrivoltaic requirement on new solar installations
above 5 MW on agricultural land — combined with a feed-in tariff for the additional crop yield component — would resolve
the solar-versus-agriculture land conflict. A 10 GW target by 2032, producing documented 20–60% yield increases on covered
cropland while generating renewable energy income for farmers, directly serves both Spain's 80% RE target by 2030 and its
food security agenda. The programme's carbon and resilience benefits qualify for Horizon Europe and Life Programme
co-financing.

7. Alt-Protein Strategic Investment — Precision Fermentation and
Cultured Meat Hubs

Spain's current soy import dependency (5–6 million tonnes annually) is the single largest structural food security
vulnerability in the livestock sector. Precision fermentation, operating at 3,000-litre scale with 3× productivity gains,
provides a medium-term pathway to decouple protein production from import supply chains. The government should
designate precision fermentation and alternative protein as a strategic sector under the next national industrial plan, with
R&D hubs in Cataluña (where the pork sector is concentrated) and Valencia. Singapore's first-mover regulatory experience,
and the EU's approval of insect protein in poultry and pig feed (2021), provide the regulatory precedents. Spain has natural
Black Soldier Fly substrates in abundance: olive pomace, citrus byproducts, and vegetable processing waste from Almería's
operations are among the world's highest-quality BSF feedstocks.

8. Diversification of Import Sources

The concentration of wheat imports on Ukraine (58% of Spain's total wheat imports in H2 2024/25) must be treated as a
strategic emergency. The diversification programme should target a maximum of 35% from any single supplier by 2030, with
explicit development of supply chains from Argentina, Morocco, Canada, and North American alternatives. Spain's position
as a major grain importer gives it leverage in bilateral trade negotiations — leverage currently unused. Simultaneously, the
phosphate import concentration from Morocco and Russia (approximately 21% of EU phosphorus from Russia despite the war
— World Fertilizer, February 2026) requires domestic phosphate processing investment and supplier diversification.

https://www.garrigues.com/en_GB/new/spain-new-regulations-water-reuse-regulate-production-supply-and-use-reclaimed-water
https://www.worldfertilizer.com/phosphates/16022026/eu-imports-900-million-of-phosphorous-from-russia/
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9. Food Security Military Mandate

Food logistics must be explicitly integrated into Spain's national defence strategy. This means: hardened reserve storage in
military-accessible facilities (targeting 30% of the reserve network); military logistics units with operational capability for
emergency food distribution; military engineering capacity for rapid irrigation and storage infrastructure deployment; and
naval asset tasking to protect maritime supply routes through the Strait of Gibraltar and Mediterranean. Spain's geographic
position — controlling the western entrance to the Mediterranean — is a geopolitical asset that is currently underutilised in
food security architecture.

10. EU Strategic Food Reserve Framework

Spain, as the EU's second-largest food exporter and fourth-largest agricultural producer, has both the standing and the
national interest to lead EU-level food security reform. The EU's current EFSCM (European Food Security Crisis
Preparedness and Response Mechanism) has no binding stock requirements and no collective reserve. Spain should lead a
coalition of southern EU member states to establish collective EU strategic grain reserves of 90 days, modelled on the EU's
Energy Security of Supply Regulation but applied to food. This would also buffer Spain against the risk of EU internal
solidarity fracture — where northern member states restrict food exports to southern Europe under crisis conditions, a
scenario for which there is historical precedent during COVID (EU Food Security Framework).

11. National Green Ammonia Strategy — Scaling the Puertollano
Model

The Puertollano green ammonia hub demonstrates that Spain has the solar resources, the industrial base (Fertiberia), and
the technical capacity to become Europe's green ammonia leader. What it lacks is strategy at scale. Priority 11 calls for a
National Green Ammonia Strategy targeting 2 GW of installed green hydrogen electrolyzer capacity by 2030, anchored in
the existing Fertiberia network across Puertollano, Palos de la Frontera, Sagunto, and Avilés. Puertollano's 100 MW
operational since November 2025 is the proof of concept; the target is to replicate it twenty times over within five years. This
requires three parallel actions: (a) Integration with Morocco's OCP Group — formalising the Spain-Morocco agricultural
partnership into a joint green ammonia supply chain, with Spanish solar and electrolyzers feeding OCP's phosphate
processing for combined fertilizer products destined for European markets; (b) Designation of the Algeciras–Rotterdam
clean ammonia corridor as EU Strategic Infrastructure, unlocking EIB and NextGen EU co-financing at the same tier as the
hydrogen backbone corridors; and (c) Mandatory ammonia import terminals in Algeciras, Cartagena, and Bilbao as
interim security infrastructure, capable of receiving clean ammonia from North Africa and Norway while domestic green
production scales. Ammonia's dual value — as fertilizer precursor and hydrogen carrier — justifies investment scale beyond
agriculture alone: every tonne of European green ammonia capacity serves both food security and the clean energy transition
simultaneously. Spain, with the EU's highest solar irradiance and an established fertilizer industry, is the natural host for
this capacity. The cost of inaction — continued import dependency on Russian urea, Chinese restrictions, and
Hormuz-corridor ammonia — is measured not in euros but in harvest years.

https://agriculture.ec.europa.eu/common-agricultural-policy/agri-food-supply-chain/ensuring-global-food-supply-and-food-security_en
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VIII. The Geopolitical Frame

Russia's 25% and the Weaponisation Playbook

Russia controls approximately 25% of global wheat exports, generating more than $40 billion in agri-food revenues in 2022
— while simultaneously weaponising food against the West through export bans, maritime threat to the Black Sea corridor,
and preferential supply to political allies such as Egypt and Turkey (OSW Centre for Eastern Studies). Russia's grain harvest
in 2022 was 30% higher than the prior year (154 million tonnes), allowing it to simultaneously hold a dominant market
position and restrict supply to adversaries. Ukraine's war has contracted wheat and corn planted areas by approximately 25%
due to territory losses and combat, translating to a 0.7–0.8% reduction in global planted area — likely permanent until
post-conflict reconstruction (CEPR/VoxEU). Global wheat prices remain 2–3% structurally higher than pre-invasion levels
even after market adjustments.

Spain's direct dependency on Russian cereals is low — Ukraine was the dominant extra-EU supplier. But Spain is exposed
through global price transmission. Any Russian restriction that spikes world wheat prices immediately affects Spain's import
costs. More critically, Spain's dependency on Ukrainian supply creates exposure to precisely the geopolitical risk that Russia
is actively managing: the use of the Black Sea and Ukrainian production capacity as leverage instruments.

China's 70% Stockpiles and the 2026 Fertilizer Bans

China holds an estimated 70% of global corn reserves and comparable shares of wheat and rice (USDA / ERS). Its total
warehouse capacity exceeds 730 million tonnes. In March 2026, Beijing banned exports of nitrogen-potassium fertilizer blends
and certain phosphate varieties, potentially restricting 40–75% of China's fertilizer exports. In May 2026, China banned
sulfuric acid exports — a key input for phosphate fertilizer production — compounding the Hormuz disruption. Experts
describe China's approach as weaponising fertilizer "quietly": maintaining existing restrictions and relaxing them in special
cases, making exports seem like acts of goodwill rather than economic pressure (Korea Times).

President Xi Jinping's stated doctrine: "The rice bowls of the Chinese people must be in our own hands, and they
must be filled primarily with Chinese-grown crops." (INSS) China is converting wildlands to farmland, maintaining a
hard legislative floor of 1.243 million km2 of protected agricultural land, and investing heavily in precision agriculture. Its
food security posture is not merely defensive — it is designed to ensure that in any global crisis, China can act as a supplier
to allies and withhold supply from adversaries.

The Hormuz Shock and Maritime Chokepoints

The 2026 Hormuz crisis raised fertilizer prices 15–20% within weeks, demonstrating the compounding fragility of a food
system dependent on both energy and nutrient supply chains that share maritime chokepoints. War-risk insurance premiums
rose from 0.25% to as high as 10% of vessel value — resetting every seven days (FAO Chief Economist).

For Spain, the critical chokepoints are: the Bosphorus/Turkish Straits (Ukraine wheat and sunflower imports); the Suez
Canal (15% of global grain trade; cereals from the east, soybeans from Brazil); and the Strait of Bab-al-Mandab (Red Sea
access, compounded with Suez). A simultaneous multi-breadbasket failure with a major chokepoint closure would be
catastrophic for import-dependent countries — exactly the scenario that the Oxford-modelled 54% probability at 2°C heating
describes.

EU Internal Solidarity: The Weakest Link

Spain's most important food security safeguard is EU single market membership — 46% of food imports come from EU
partners. But this solidarity has demonstrated limits. During COVID-19, multiple EU member states briefly restricted

https://www.osw.waw.pl/en/publikacje/osw-commentary/2023-07-12/russia-weaponising-food
https://cepr.org/voxeu/columns/battlefield-market-how-disruptions-ukraine-affected-grain-price-trends
https://www.ers.usda.gov/data-products/charts-of-note/chart-detail?chartId=91036
https://www.koreatimes.co.kr/world/20260402/why-spike-in-fertiliser-prices-may-boost-chinas-political-clout-amid-iran-war-shockwaves
https://www.inss.org.il/publication/china-food-security/
https://www.fao.org/newsroom/detail/fao-chief-economist-warns-of-severe-global-food-security-risks-from-disruption-to-strait-of-hormuz-trade-corridor/en
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medical equipment exports; food was next discussed. During the 2022 Ukraine crisis, Poland, Hungary, Slovakia, and
Bulgaria sought import bans on Ukrainian grain, creating internal EU conflict. Hungary restricted food exports unilaterally.
The EU has no binding food security solidarity mechanism equivalent to its Energy Security of Supply Regulation.

Spain's geographic position as a peninsula amplifies this vulnerability. If France (12% of Spain's food imports) were to face a
domestic crisis, or if intra-EU transport infrastructure were disrupted, Spain's isolation would be acute. Leading the
construction of a collective EU strategic food reserve is therefore simultaneously an act of EU solidarity leadership and
Spanish national interest.
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IX. The Kabbalistic Reading
What follows is not metaphor. It is the oldest layer of the analysis.

Kabbalah is the Jewish mystical tradition's map of how the divine flows into the material world through ten Sefirot —
qualities or channels that together constitute the architecture of creation. Every great crisis, properly read, is a crisis of one
or more of these qualities. The food crisis of the twenty-first century is no exception.

Food = Yesod (Foundation)

Yesod is the Sefirah of foundation — the channel through which all higher blessings flow to Malkhut, the material world. It
is the ninth Sefirah, the point of transmission, the place where potential becomes actual. When Yesod is strong, abundance
flows. When Yesod breaks — when the foundation cracks — Malkhut starves. The global food system is Yesod made visible:
the network of soil, seed, water, logistics, and trade through which the potential of sunlight and soil reaches the material
form of bread. We are watching Yesod crack. The FAO-WMO report is not a climate report. It is a Yesod report.

Water = Chesed (Lovingkindness)

Water flows from Chesed — the quality of unconditional giving, of abundance flowing without condition. The Hebrew word
for grace, chen, shares its root with water's capacity to flow into any container, to give without asking what shape is needed.
A desert is not a land without water. It is a land where Chesed no longer flows — where the divine generosity that sustains
life has been interrupted, either by human disruption of the water cycle or by the broader climatic consequences of burning
carbon accumulated over millions of years.

Spain stands geographically between Chesed (rain from the Atlantic) and Gevurah (heat from Africa). Gevurah is the
Sefirah of judgement, of severity, of the force that sets limits. The battle of Chesed and Gevurah is not a metaphor for Spain's
climate situation. It is literally being fought in Spain's soil, in the oscillation between 82.5% reservoir levels in February 2026
and 16% in Catalonia in 2024. When Chesed (Atlantic rainfall) retreats and Gevurah (Saharan heat) advances, the Iberian
Peninsula dries. This is not poetic. It is geography.

Wheat = Da'at (Knowledge)

Da'at is the hidden Sefirah — the knowledge that integrates Chokhmah (wisdom) and Binah (understanding) into something
lived and embodied. The grain is the hidden knowledge of creation: the capacity of a seed to transform soil and light into
caloric information that sustains human consciousness. The Talmudic understanding that "man shall not live by bread
alone" contains within it the corollary: without bread, man cannot live at all. Bread is not merely food. It is the
precondition for all higher human activity. When bread fails — when the wheat harvest collapses by half as it did in Spain
in 2023 — what fails is not only nutrition. What fails is the foundation upon which civilisation stands.

40 Degrees Celsius = Mem (Mem)

The Hebrew letter Mem is the letter of water. Its numerical value is 40. Forty is the number of transformation in the Hebrew
tradition: forty days of Flood, forty years in the desert, forty days of Moses on Sinai before receiving the Torah. Forty is the
number that precedes a new beginning. When the temperature crosses 40°C — when the Mem threshold is breached — the
Flood begins. Not the Flood of water, but the Flood of its absence: the reversal of Chesed, the drying of the land, the heat that
kills the pollen in a single afternoon.

Spain recorded temperatures above 40°C across multiple regions in the summers of 2021, 2022, 2023, and 2024. The Mem
threshold is no longer exceptional. It is becoming the mean.

The Seven Years of Joseph
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Joseph interpreted Pharaoh's dream: seven fat cows devoured by seven thin cows; seven full ears of grain swallowed by seven
thin ears. The interpretation: seven years of abundance followed by seven years of famine. And the prescription: store during
the years of plenty so that during the years of Gevurah, life continues. Joseph built granaries across Egypt. He stored 20% of
every harvest for seven years. When the famine came — not only to Egypt but to the entire ancient Middle East — Egypt
alone had bread.

Spain is living in its Joseph years. Olive harvests have recovered in 2024/25. Cereal production rebounded in 2024 to 16.4
million tonnes. Reservoir levels reached 82.5% nationally in February 2026. The granaries are not full. The strategic reserves
do not exist. The National Food Strategy (ENA) has no binding targets, no storage infrastructure, no crisis protocol.

The Kabbalistic wisdom encoded in the Joseph story is not advice. It is a law. Store when abundance flows so that when
Gevurah descends, life continues. Strategic food reserves are not a policy option subject to budgetary convenience. They are
the most ancient and verified wisdom in Western civilisation about the nature of time: good years and bad years alternate,
and the capacity to survive the bad years must be built during the good.

Tikkun Olam Through Infrastructure

Tikkun Olam — the repair of the world — does not happen through prayer alone, though prayer orientates the will. It
happens through action in the material world. In the Lurianic tradition, the Sephirot themselves were shattered in the
original act of creation (the Shevirat HaKelim — the breaking of the vessels), and the entire purpose of human existence is to
gather the scattered sparks and restore the vessels to wholeness.

Every hectare of degraded soil restored through regenerative agriculture is a Sephirah repaired. Every drip irrigation system
that delivers 95% of its water to the root zone instead of 50% is Chesed flowing without waste. Every desalination plant that
converts Gevurah's saltwater into Chesed's fresh water is the transformation of severity into abundance. Every day of
strategic grain reserve is a day the Flood is postponed — a day Yesod remains intact, and Malkhut is fed.

The blueprint in Section VI is not a technical document alone. It is a Tikkun plan.

Kabbalah Acts from Love, Not Fear

This paper has marshalled alarming evidence. But Kabbalah — in its deepest teaching — acts from love, not fear. The
distinction matters enormously in practice. A food security strategy built on fear produces hoarding, nationalism, and the
weaponisation of resources that Russia and China already practice. A food security strategy built on love produces
abundance — for Spain, for Europe, for the Global South that depends on Mediterranean and European supply chains.

This is not naïveté. The strategic reserves protect Spain. The drip irrigation conserves water that Spain needs. The
regenerative agriculture restores soils that Spain depends on. But the framing matters: these are not acts of siege preparation.
They are acts of civilisational care. They are investments in the capacity of Spain and Europe to remain sovereign, generous,
and capable of feeding others — not just themselves.

The 41st day is the key. After Mem (40) — after the Flood, after the desert, after the mountain — comes Aleph (Aleph). The
Aleph is the first letter, the silent letter, the letter that precedes all speech and all creation. After the Mem threshold of 40°C,
after the crisis that the numbers describe, comes the possibility of a new beginning. Not despite the crisis. Through it. Spain
has the knowledge, the land, the water (if managed), the technology, the EU funding, the Mediterranean wisdom of 2,000
years of farming in a difficult climate. What it lacks is will. Will comes from vision. Vision comes from seeing clearly — with
love, not fear — what is at stake and what is possible.

That is the 41st day. That is Aleph. That is the beginning of a new Spain, a new EU, a new way to feed the world.

Fertilizer = Binah (Understanding)

Binah is the Mother Sefirah — the womb from which form emerges, the great Understanding that receives the raw flash of
Chokhmah (Wisdom) and gestates it into structured reality. Nitrogen, phosphorus, potassium: the three pillars of life that
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allow the seed to become the plant. Without Binah, there is no vessel to hold the light. Chokhmah (the agricultural insight,
the seed variety, the irrigation technology) requires Binah (the nutrient ground, the fertile soil, the molecular building blocks
of protein and cell wall) to manifest as anything edible. When Binah is cut off, nothing grows — the seed remains potential
without becoming actual.

Europe closed its fertilizer plants in the name of cost. It mothballed Yara Hull. It shuttered CF Industries Ince. It
permanently closed one of BASF Ludwigshafen's two ammonia units. In each case, the logic was economic: natural gas was
too expensive, European production uncompetitive, imports cheaper. The balance sheet was correct. The Kabbalistic analysis
reveals what the balance sheet concealed: Europe severed the umbilical cord of its own food system. The Kabbalist asks: what
good is Chesed (water) and Keter (sun) if Binah — the nutrient ground, the nitrogen that builds every cell of every crop — is
empty? The answer is agricultural. If Binah is absent, Chesed flows to no purpose and Keter shines on barren ground.

The Tree as Infrastructure

The Sefirot are not abstractions — they are the living architecture of any functioning system. Food sovereignty requires all
ten Sefirot in balance: Keter (solar energy, the source from which all flows), Chokhmah (agricultural innovation, the flash of
wisdom that creates new seed varieties and precision irrigation), Binah (fertilizers and nutrients, the Mother that gives form
to the seed's potential), Chesed (water abundance, the unconditional giving of rainfall and aquifer), Gevurah (disciplined
resource management, the setting of limits that prevents waste and overextraction), Tiferet (harmonious land-use, the
beauty of balance between production and ecology), Netzach (enduring infrastructure — the desalination plant, the grain
silo, the drip system that persists across seasons), Hod (humble practice and tradition, the farmer's accumulated knowledge
of soil and season), Yesod (food as foundation, the channel through which all higher blessings flow to the material world),
Malkhut (the citizen who eats, the kingdom that is sustained, the material world where all the upper light must finally land).
Break any one and the Tree trembles. Spain, Europe, every nation — when you neglect the fertilizer plant, the desalination
station, the grain silo, the regenerative farm — you are unbalancing a living Tree. The Kabbalist does not see policy. The
Kabbalist sees the Tree of Life, and acts accordingly.

Priorities Revealed

Kabbalah does not predict the future. It reveals priorities. When the Sefirot are studied, you see immediately where the
channels are blocked. The April 2026 FAO-WMO warning is not news to the Kabbalist — it is Gevurah announcing itself,
the Sefirah of judgement making clear that the limits of tolerance have been reached. The fertilizer closures are not
economics — they are Binah being sealed, the Mother Sefirah withdrawing because the price of her participation was deemed
too high. The Hormuz shock is not geopolitics — it is the chokepoint of Yesod, the foundation channel being pinched, the
transmission of abundance to the material world interrupted at its most critical junction. Every headline is a Sefirah
speaking. To read the world Kabbalistically is to see the priorities hidden beneath the surface of events — to understand that
the farmer's protest in Madrid is Malkhut crying out, that the empty warehouse is Yesod broken, that the mothballed
ammonia plant is Binah silenced. This is what Kabbalah Markets offers — not prediction, but perception. Not fear, but
clarity. Not doom, but the luminous knowledge that allows a civilization to act before Gevurah completes its work. The
eleven priorities of Section VII are not arbitrary — they are a Tikkun map, each one addressing a specific Sefirah that has
been damaged: the Green Ammonia Strategy is Binah restored; the Water Law is Chesed liberated; the Strategic Reserve is
Yesod secured; the Military Mandate is Gevurah redirected from threat to protection.

A Better Society

The work ahead is not just to survive. It is to build a better society — one that feeds itself, respects its soil, honours its water,
and recognises that every meal is a daily covenant between earth and sky. The Kabbalist sees food not as commodity but as
blessing. The Spanish citizen, fed from Spanish soil by Spanish hands using technology aligned with the Sefirot, is not just
eating — is participating in Tikkun Olam. The repair of the world happens in the field, the greenhouse, the reservoir, the
grain reserve, the research lab, the green hydrogen electrolyzer. Kabbalah does not oppose modernity. It gives modernity its
lost soul. A Spain that builds food sovereignty with this wisdom is not just preparing for crisis — it is becoming an example
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for the world. The ammonia plant powered by Andalusian sun feeding grain grown in Castilian soil distributed through a
national reserve to a citizen who understands what it cost to produce: this is the full circuit of Sefirot from Keter to Malkhut,
intact and flowing. From fear to love. From dependency to dignity. From fragility to resilience. The Tree is speaking. The
question is whether we are listening.
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X. Conclusion: The Choice
Spain stands at a fork in the road that is also, in the deepest sense, a question about character. The question is not whether
extreme heat is breaking global food systems — the FAO, WMO, Oxford University, the IPCC, and the European
Environment Agency have answered that question with statistical precision. The question is not whether Spain is vulnerable
— the olive harvest that collapsed by 55% in one season, the cereal production that fell to half its five-year average, the
Catalan reservoirs that hit 16%, the 51,000 agricultural jobs lost in two years, have answered that question with economic
facts. The question is what Spain chooses to do with the answer.

Scenario C — Strategic Transformation — costs €25–35 billion. It creates 100,000+ direct jobs. It revives rural Spain,
reversing a demographic collapse that has emptied 3,000 villages and left 84% of the national territory occupied by 16% of the
population. It achieves 78–82% cereal self-sufficiency by 2035, builds 90 days of strategic food reserves, positions Spain as the
EU's food security leader, and produces a positive net present value within 8–12 years. It requires political courage,
legislative discipline, and the willingness to invest in decades rather than electoral cycles.

Scenario D — Crisis Response — costs €40–60 billion. It comes with political instability, emergency rationing, consumer
food price inflation of 25–35%, a GDP impact of 3–5% during crisis years, and the political and social trauma of a democratic
government unable to feed its people in the twenty-first century. It costs 2–3× more per unit of food security achieved than
proactive investment. And it arrives uninvited, on the schedule of the climate system and the geopolitical ambitions of
Russia and China, not on the schedule of Spain's parliament.

The choice is not whether to pay. Spain will pay regardless — either the investment premium now or the crisis premium
later. The choice is whether to pay proactively with purpose, or reactively with panic. The difference is a decade of planning
and €15–25 billion.

The fertilizer dimension of this crisis deserves special emphasis in any conclusion. Europe shut down more than half its
ammonia production capacity between 2021 and 2026 — and the food system cost of that decision is still compounding.
Spain's 115 kg/ha fertilizer intensity, the EU's highest, means that every percentage point of production cost increase
translates directly into farmer margin compression and, ultimately, into the prices paid by Spanish consumers. The Yara
Hull mothballing, the BASF Ludwigshafen closure, the Fertiberia Huelva NPK line — these were not abstract industrial
statistics. They were the withdrawal of Binah from the European food system: the removal of the nutrient foundation on
which every crop depends. The Puertollano 100 MW green ammonia hub is the beginning of an answer. Priority 11 — the
National Green Ammonia Strategy, targeting 2 GW by 2030 with Moroccan OCP integration and the Algeciras-Rotterdam
corridor as EU Strategic Infrastructure — is the strategic ambition required to match the scale of what has been lost.
Without it, Spain's food sovereignty programme will be built on sand, dependent on Russian urea and Hormuz-corridor
ammonia for the nitrogen that feeds its fields.

The Sun is becoming the enemy of the harvest. Spanish farmers have watched spring heat waves burn olive blossoms before
the fruit could set, watched Castilian cereal fields wither in July temperatures that were once exceptional and are now
routine, watched the Catalan reservoirs fall to levels that forced emergency desalination investment that should have been
made years earlier. But the Sun is also Keter — the Crown — the highest Sefirah, the source from which all life flows when
received correctly. The Sun that kills unprepared crops feeds agrivoltaic panels that power desalination that grows food in
deserts. The same Gevurah that burns pollen when Chesed is absent can be transformed — with human ingenuity and
political will — into the energy that sustains Yesod.

The question is not how to defeat the Sun. The question is how to receive it correctly. The question is not how to avoid the
fertilizer crisis. The question is how to transform it — into a green ammonia industry, into a Moroccan partnership, into an
Algeciras-Rotterdam corridor, into a Spain that feeds itself with the sun it has always had in abundance. That is Kabbalah.
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That is food sovereignty. That is the choice Spain must make — now, in its Joseph years, while the granaries can still be built
and the electrolyzers can still be financed.

Paper compiled from five primary research dossiers: (1) UN/FAO Warnings: World Food Systems Pushed to the
Brink by Extreme Heat (April 2026); (2) Spain's Specific Vulnerability to Food System Collapse from Extreme

Heat (2025–2026); (3) International Best Practices in Food Security and Climate-Resilient Agriculture; (4) Food
Sovereignty: Crisis Scenarios and Strategic Frameworks — Spain 2026–2035; (5) Europe's Fertilizer Plant
Closures (2022–2026): Crisis, Dependency, and Food Security. All citations are inline. No bibliography.
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