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Science for Sustainable Agriculture (SSA) is a policy and communications platform, providing a focal point
for information, comment and debate around the role of science and innovation in modern, sustainable
agriculture and food production. Supported by an independent advisory group of political, scientific and
industry leaders from a range of sectors and backgrounds, SSA’'s aim is to promote a conversation rooted in
scientific evidence, rather than ideology.

Science for Sustainable Agriculture provides a platform for like-minded individuals and organisations to
champion and explain the vital role of science and technology in safeguarding our food supply, tackling
climate change and protecting the natural environment, as well as to expose, coomment on and challenge
unscientific positions or policy decisions in relation to sustainable agriculture.

Further information about Science for Sustainable Agriculture is available at
www.scienceforsustainableagriculture.com
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Executive Summary

Farmland losses risk UK food security crisis

This report examines prospects for UK food security to 2050, based on historical land use
and agricultural production trends. The analysis was led by former NFU and CLA chief
economist Dr Derrick Wilkinson.

The report draws on an analysis of official UK government data for the past 25 years to
establish historical trends in agricultural land use, yields and aggregated food production.

Using Al-assisted economic modelling (Long Short-Term Memory (LSTM) forecasting), the
analysis then uses these historical trends to develop forward-looking projections, based
on a range of scenarios in terms of land use policies and population growth.

The report finds that, over the past 25 years, we have been losing farmland at a significant
rate (771,000 hectares or 4.4%), placing downward pressure on our food production
capacity.

Since 2000, while UK agricultural production per hectare has increased by 15% due to
yield improvements, the overall rise in aggregated food production was limited to 10%
because of the decline in farmland area. As the UK population increased from 59 million
to 68 million, this equated to a 5% fall in domestic food production per capita, and a 12%
decline in self-sufficiency in primary agricultural products over the period.

Importantly, the 25-year analysis also points to declining trends in both domestic
agricultural yields and food production over the past 10-15 years. This can be attributed
to a range of climate, market and policy-related factors, including challenges of extreme
weather, rising farm input prices, loss of key crop protection products, tighter restrictions
on input use, and a greater focus on production-limiting farm policy incentives.

Looking forward, the analysis predicts that full implementation of Government land use
policy targets for housing, renewable energy, habitat restoration, agri-environmental
measures and tree planting over the next 25 years will dramatically accelerate the rate of
farmland loss and constrain productivity gains, placing even greater strain on the nation’s
ability to feed itself.

In a worst-case scenario, up to 23.7% (3.965 m/ha) of the current Utilised Agricultural Area
(UAA) could be at risk, with most of it (80%) arable rather than livestock land.

In a high net migration scenario with a UK population of 80 million in 2050, and without
radical farming and land use policy change to boost agricultural yields on our more
productive farmland, the amount of food produced on UK farms is projected to fall by over
32% (or by 39% per capita).

Expressed on an ‘all foods' basis, a 32% reduction in UK primary agricultural production
implies that domestic food security levels could fall significantly from 60% at present,
dramatically increasing our dependence on food imports.

The overriding conclusion is that if we wish to capture the many benefits of the
environmental measures being integrated into farming and land management policies,
while maintaining the transition to net zero through carbon sequestration and renewable
energy, it is imperative that we find new and innovative ways to improve agricultural
yields on farmland remaining in production to protect domestic food security.

UK FOOD SECURITY - OUTLOOK TO 2050



This will require better co-ordination of policies across government departments with
responsibilities for agriculture, the environment, biodiversity, climate change mitigation,
energy production, food security and trade.

It will also require changes to the way government support is allocated so that measures
to increase domestic agricultural production sustainably on our most productive farmland
are prioritised.

D We are struggling to keep up with the loss of farmland over the past 25 years,
and new competing demands for land over the coming years to address a
range of environmental concerns, along with rising demand for food from
a growing population, mean we must find new and innovative ways of
producing more food from what land we have. For too long food production
has been ignored, and the loss of farmland poses a very serious risk to
domestic food security.

Yield improvements have not kept pace with rising demand for many
products, which has meant increased reliance on food imports. With planned
new farming and land use policies and the transition to renewables for

the net zero ambition, farmland losses are set to accelerate and domestic
production will fall even further behind the demands of a rapidly growing
population. If we are to continue with these environmental and net zero
policy objectives, yield improvements on the land remaining in production
are the only way of protecting our food security. ‘} )

Dr Derrick Wilkinson, lead author
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Key Messages

Agricultural land is being lost at a significant rate:

e Over the past 25 years we have lost some 771,00 hectares of agricultural land,
around 4.4%.

* By 2050, in the best-case scenario (Business-as-Usual, BAU), which continues
trends over the past 25 years, the UK could lose a further 835,000 hectares of
agricultural land, about 5% of the current area.

o Of that, 316,000 hectares of arable land would be lost, about 5.8%, and 519,000
hectares of livestock land, about 4.6%.

* |nthe worst-case scenario (Maximum, Max), incorporating full implementation
of the government’s environmental and net-zero ambitions, the UK could lose
nearly 3.965 million hectares of agricultural land, about 23.7%.

o Of that, 3.165 million hectares would be arable land, and 800,000 hectares of
livestock land.over 260% above 2024 levels, depending on the scenario and
population growth.

Domestic food production could fall by up to 32% by 2050:

* Without substantial yield improvements, using the trends in agricultural
production over the past 25 years and projecting forward to 2050, in the best-
case scenario, home-grown food production could fall by over 7%.

* Factoring in population changes in the worst-case scenario, incorporating full
implementation of the government’s land use, environmental and net-zero
ambitions, UK food production could decline by as much as 32%, or 39% per

| capita, by 2050.

* On an all-food basis, this implies that domestic self-sufficiency in food could fall
significantly from 60% at present, dramatically increasing our dependence on
food imports.

Food supplies set to become increasingly reliant on imports:

e |n either case, the direction of travel is clear, and without a radical rethink of

food, environmental and land management policies, the UK looks set to be
increasingly reliant on imported food over the coming years, with worrying
implications for domestic food security.

To maintain current levels of food supplies per capita, net imports could
increase dramatically, ranging from nearly 160% to over 260% above 2024 levels,
depending on the scenario and population growth.

UK FOOD SECURITY - OUTLOOK TO 2050 5



Introduction

The UK’s agricultural landscape has always been changing but, over the past 25 years from
2000 to 2024, the rate of change has been accelerating as it adapts to diverse pressures.
This Al-assisted report poses a critical question:

Will the UK be able to feed itself in another 25 years, by 2050?

While many factors will influence the course of events over the coming years, this report
focuses on the two overriding issues concerning domestic food security:

How much farmland do we have, and how much food do we produce with that land?

Looking back over the past 25 years, the report analyses official statistics from Defra’s
Agriculture in the UK annual reports to quantify changes and trends in areas of arable
and livestock land, and the production and supplies of food products. It reveals a modest
decline in land used for farming (UAA) over that period, and reveals a mixed picture of
adaptation and vulnerability amongst the various foods produced that led to a 12% fall in
food self-sufficiency .

Looking forward to 2050, the report then uses the detailed official government historical
data from the past 25 years and the environmental, land use and net-zero policies currently
advocated by the UK government to estimate projections to 2050, with a focus on the
aggregate domestic supply and demand for food?.

While the discussion of historic food production reviews where we were at the start of the
historic reference period and currently, the forecasts use all time series data, not just the
start and end points. Rather than simple linear forecasting, such as drawing a line through
the two points, this paper uses the more complex Long Short-Term Memory (LSTM)
method that specifically takes account of the many non-linear issues, like weather and
policy changes, affecting agricultural production.

Using LSTM forecasting we consider three potential futures?®: Business-as-Usual (BAU)
Forecast: continues historical trends with modest productivity gains; Moderate (Mod)
Scenario: assumes a moderate implementation of the various policies currently proposed
by the government; and Maximum (Max) Scenario: assumes the most ambitious
implementation of those policies. For a view on the change in demand for food that can be
expected over the next 25 years, for each scenario we also consider how the UK population
is likely to grow.

! Domestic agricultural production as a percentage of total supply of agricultural products, calculated on a
tonnage basis, from AUK Chapters 7 and 8.

2 While this approach conceals the many significant differences between foods, it provides a useful overview of
outlook for domestic food security.

3 See Appendices for notes on LSTM forecasting and the three outlook scenarios.
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Historical Trends: Resilience in a
Shrinking Landscape

From 2000 to 2024, UK agriculture showed modest resilience despite a shrinking Utilised
Agricultural Area (UAA). The UAA, covering arable fields, grasslands, and rough grazing,

fell by about 4.4%, from 17,531 thousand hectares to 16,760 thousand hectares, a loss of 771
thousand hectares. This decline, at an average annual rate of -0.19%, was driven mainly by
woodland expansion, urban development, and agri-environmental policies, reflecting a shift
toward greater focus on reducing the environmental impact of agriculture.

The UAA's composition shifted unevenly. Arable land, used for crops like wheat, vegetables,
and oilseeds, declined by 3.23%, from 5,605 thousand hectares to 5,424 thousand hectares,
losing 181 thousand hectares. Livestock land, including improved and permanent grassland
and rough grazing, declined faster, by 5.0%, from 11,926 thousand hectares to 11,336
thousand hectares, a loss of 590 thousand hectares. This slightly increased arable land’s
UAA share from 32.0% to 32.4%, and reduced livestock land’s share from 68.0% to 67.6%.

Despite the fall in UAA, sectoral productivity gains led to an overall increase in production
per hectare of about 15%, from 2.87 tonnes per hectare in 2000 to 3.3 tonnes per hectare
in 2024. This contributed to a 10% rise in total domestic production, from 50,357 thousand
tonnes to 55,365 thousand tonnes. Per capita production, however, declined from 853
kilograms to 814 kilograms, as the population grew by 15%, from 59 million to 68 million.

While there has been considerable volatility in both production growth and yield
improvements over the past 25 years, the polynomial trend lines for both show that they
have been slowing over the past 15 years. This suggests that sustaining production will
require significant new innovations to boost yields, as farmland loss continues, or we risk a
serious deterioration in food security.
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The Common Agricultural Policy 2008 Health Check and associated environmental
regulations (e.g. Nitrate Vulnerable Zones and environmental stewardship schemes) are
considered to have played a role in slowing UK agricultural yield growth by reducing
productive land and limiting fertiliser inputs, directly affecting output. Other climate,
market and policy-related factors in recent years, such as challenges of extreme weather,
rising farm input prices, loss of key crop protection products, further restrictions on input
use, and production-limiting subsidy incentives, are also likely to have contributed to the
slowdown in productivity growth over the past 10-15 years.

However, the impact has varied by region and crop — arable farms in eastern England faced
more constraints than livestock farms in upland areas. Quantitatively, analysis of DEFRA
data suggests that UK average cereal yields increased by just 0.5% annually from 2010-2020,
compared to 1-2% in the 1990s.

Total domestic supply 4, adjusted for net imports, showed growing reliance on international
trade. Net imports increased by some 17,131 thousand tonnes between 2000 and 2024,
supporting a rise in total new supply from 58,364 thousand tonnes to 72,496 thousand
tonnes. This ensured diverse food access despite domestic production constraints. Supply
per hectare of UAA rose from 3.33 tonnes to 4.33 tonnes, and per capita supply rose from
989 kilograms to 1066 kilograms due to the increased imports.
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Analysing the correlation between the reduction in UAA and the decline in domestic food
self-sufficiency suggests that there is an important relationship between UAA and food
self-sufficiency. Specifically, the Pearson correlation coefficient® of 0.687 indicates that
nearly half (47.2%) of the decline in self-sufficiency is explained by the loss of UAA. Other
climate, market and policy-related factors, as discussed above, are likely to account for the
remaining decline.

4 Total domestic supply is total domestic production less exports plus imports. Strictly it also includes net stock
changes but they are usually small and are ignored here. Total domestic supply is used in this report as a proxy
for total domestic consumption, and as an indicator of the changes in net imports needed to ensure domestic
food supplies meet demand.

5 Domestic agricultural production as a percentage of total supply of agricultural products, calculated on a
tonnage basis.

® The Pearson correlation coefficient (r) measures the strength and direction of the linear relationship between
two variables like food self-sufficiency and UAA, with r ranging from -1to 1. A value of r =1 indicates a perfect
positive linear relationship, r = -1 a perfect negative linear relationship, r = 0 no linear relationship.
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Projections to 2050: Overview of
Farmland Changes

Looking forward to 2050, on current trends another 835,000 hectares of farmland will be
lost. In the worst case scenario, with the maximum implementation of environmental and
net zero plans, nearly a quarter of all farmland could be lost (3.96 million hectares), with
most of it being arable rather than livestock land.

Agricultural Land Areas by Type

BAU Mod Max
Forecast | Scenario | Scenario
Total UAA ('000 ha.) 17,531 16,760 15,925 15,084 12,795
Arable Land ('000 ha.) 5,605 5424 5,108 4,315 2,259
Arable % of UAA 32.00 32.40 32.10 28.60 17.65%
Livestock Land ('000 ha.) 11,926 1,336 10,817 10,769 10,536
Livestock % of UAA 68.00 67.60 67.90 71.40 82.34

Arable land continues to face pressures for housing and infrastructure, but also faces new
environmental policy driven pressures, including from afforestation, biodiversity renewal,
carbon sequestration, biofuels, and solar farms. Livestock lands, by contrast, can often more
easily align with practices such as low-impact grazing, re-wilding and carbon sequestration,
and are often less suited to alternative uses such urban and energy projects.

Land Use Implications of Solar Farms
and Net-Zero Energy Transitions

Solar farms and net-zero initiatives, key to the government's energy strategy, pose serious
demands on farmlands. The latest data indicate that ground-mounted solar farms currently
occupy some 15,580-21,200 hectares of land, with over 2,500 hectares on productive
farmland?.

Projections suggest that solar farms could cover 50,000 hectares in moderate scenarios

or 150,000-200,000 hectares in extremes, targeting 70-90 gigawatts by 2050. Agrivoltaics,
combining panels with grazing or crops, could mitigate 20-50% of losses. However, land
sparing — dedicating prime land to higher-yield farming and non-prime areas to solar — may
be more effective in safeguarding food production while improving biodiversity.

According to studies by the Climate Change Committee and DEFRA, other net-zero
energy sources, like bioenergy crops, could repurpose a further 200,000-500,000 hectares,
accelerating UAA loss compared to the historical rate of 771,000 hectares over the past 25
years. This risks further constraining the farmland area available for food production.

7 The CPRE (Countryside Charity) recently reported that 59% of England’s largest operational solar farms (each
over 30 MW) are located on productive farmland, with 31% of their total area (approximately 827 hectares)
classified as “best and most versatile” (BMV) land (Grades 1, 2, and 3a).

UK FOOD SECURITY - OUTLOOK TO 2050



Population Outlook and Food Demand

While the available farmland is a key high-level measure of our ability to produce food,
population growth can be used to estimate future food demand.

The UK’s population is projected to grow from 68 million in 2024 to 75 million (Baseline) or
80 million (High Migration) by 2050, based on ONS projections and net migration trends.

These outlooks significantly shape food demand, and point to intensifying pressures on a
shrinking agricultural land base.

In the Baseline scenario, a 10.3% population increase drives proportional food demand
growth. With production projected to decline 7-32%, per capita production falls from 814 kg
to 686-499 kg, and per capita supply drops from 1066 kg to 933-880 kg.

The High Migration scenario, with a 17.6% population rise, heightens demand even further.
Per capita production decreases to 644-468 kg, and supply falls to 875-825 kg.

These outlooks significantly shape food demand, and point to intensifying pressures on
a shrinking agricultural land base. Both scenarios underscore rising import dependency,
amplifying reliance on volatile global markets, risking supply chain disruptions, and likely
increasing food prices.

Implications for Net Imports of Food
Supplies

With up 80 million people to feed in the UK by 2050, in parallel with an increasing global
population, food supply challenges will be intense, requiring substantial import increases
and posing significant risks for domestic food security.

Sustaining 2024 per capita food supply levels could require dramatic increases in net
imports by 2050 in all scenarios. The consequential supply chain risks and price volatility
threaten lower-income groups in particular. A policy approach focused more on land-
sparing could mitigate this by intensifying domestic production on prime agricultural
land, reducing import needs while still releasing land for biodiversity and climate change
mitigation objectives.

Estimated % Change in Net Imports Required to Maintain 2024 Per Capita Supply Levels
in 2050 (thousand tonnes)®

BAU Forecast Max Scenario

'000 '000 '000

tonnes tonnes tonnes

Baseline (75m) 26,588 159.70% 29,236 175.60% 38,643 232.10%

High Migration (80m) 31,303 188.00% 33,951 203.90% 43,358 260.40%

Current environmental land management policies and net-zero transitions promise localised
environmental gains but risk undermining domestic food security and simply exporting the
environmental costs of these domestic policy choices. Similarly, demographic pressures,
especially high migration, demand policies linking population and resource planning.

8 Percentage change calculated relative to 2024 net imports (16,646 thousand tonnes).
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Aggregate Metrics: Visualising the

Pathways

Projections to 2050 extend historical trends, factoring in policy-driven land use changes.

The business-as-usual (BAU) scenario assumes trend continuation with modest

productivity gains. Moderate and maximum ambition scenarios incorporate farmland
losses to meet current sustainability targets, including for afforestation, habitat restoration,
and the provision of renewable energy.

The table below summarises the key changes to the UK food security outlook suggested by

this analysis.

UK Agricultural Aggregate Metrics: 2000-2024 and Projections to 2050

Population - Baseline

BAU
Forecast

Mod
Scenario

Max
Scenario

High Migration (kg)

L 59 68 75 75 75
(million)

Population - High 59 68 80 80 80
Migration (million)

UAA (thousand hectares) | 17,531 16760 15,925 15,084 12,795
Total Production 503575 | 553649 | 5148942 | 4429198 | 3742679
(thousand tonnes)

Production per hectare

of UAA (tonnee/ha) 2.87 33 3.23 294 293
Production per Capita - 853,52 813.9 686.53 590.56 499.02
Baseline (kg)

Production per Capita - 853.52 813.9 643.62 553.65 467.83
High Migration (kg)

Total New Supply 583644 | 724963 | 7000000 | 68000.00 | 66,000.00
(thousand tonnes)

New Supply per Capita- | g4 < 1.066.12 93333 906.67 880
Baseline (kg)

New Supply per Capita- | g4 o 106612 875 850 825

In the BAU scenario, the Utilised Agricultural Area (UAA) declines from 16,760 thousand
hectares in 2024 to 15,925 thousand hectares by 2050, and total production decreases
from 55,365 thousand tonnes to 51,489 thousand tonnes due to land constraints, despite
efficiency gains. Total new supply falls slightly to around 70,000 thousand tonnes, with
imports trying to cover shortfalls. Per capita production worsens as population growth
outpaces output, especially under high migration.

UK FOOD SECURITY - OUTLOOK TO 2050
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The moderate (Mod) scenario intensifies land reductions, with UAA falling to 15,084
thousand hectares and production decreasing to 44,292 thousand tonnes. Per-hectare
production falls further and import reliance grows, with net imports potentially more than
doubling to 29,236-33,951 thousand tonnes.

In the Maximum (Max) scenario, aggressive net-zero and biodiversity policies drive a steep
UAA decline to 12,795 thousand hectares, a 23.7% reduction®. Production plummets 32.4% to
37,427 thousand tonnes, with arable land shrinking dramatically to 2,259 thousand hectares.
Net imports surge to meet demand, heightening exposure to global market risks and
further threatening food security.

2 This aligns with the Committee on Climate Change, (2020), Land use: Policies for a Net Zero UK.
https://www.theccc.org.uk/publication/land-use-policies-for-a-net-zero-uk/ which suggested that one-fifth of
agricultural land (approximately 20%) must be repurposed by 2050 to meet net zero goals.
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Discussion

This report has provided a high-level overview of some of the key issues affecting the UK's
food security. It has used official government data covering land use, yields and food
production for the past 25 years to develop forward-looking projections to 2050, adjusted
to take account of the land use implications of the environmental and net zero policies
currently favoured by the government. The detailed numbers in these forecasts are not

as important as the direction of travel and orders of magnitude they suggest. The key
message is a clear warning of increasingly insecure food supplies, and that a radical rethink
of the UK's agricultural, environmental and net zero policies is urgently required.

As Mark Twain famously said: “buy land, they're not making it anymore”. With growing
demand for farmland and an increasing population, the only way to ensure food security is
to use the land we have as wisely and as productively as possible. To do that, farming and
other land use policies must be led by the evidence, which means that a closer and more
detailed analysis of the issues raised in this report is now needed.

The pressures on arable land are especially severe, and more detailed examinations of the
impacts of government land use and net zero policies on the production of particular crops,
including cereals, broad acre vegetables and fruits, should be undertaken as a matter of
urgency.

The potential loss of up to 23.7% of agricultural land over the next 25 years — for nature
restoration, carbon sequestration and renewable energy in particular — implies that

a greater focus on land sparing, rather than land sharing, is needed in land use
policies coupled with a greater focus on supporting the adoption of new technology
and techniques that can both improve productivity and contribute to reducing the
environmental footprint of the land remaining in agriculture.

Land sparing and land sharing are two contrasting approaches to balancing agriculture
and biodiversity conservation, with differing impacts on agricultural yields and output:

Land Sparing

Involves applying advanced production technologies and techniques on a smaller area of
agricultural land to optimise yields. By delivering higher yields per unit area, larger areas
of natural habitat can be spared for biodiversity conservation and the delivery of other
environmental goods and services.

Land Sharing

Integrates biodiversity conservation within agricultural landscapes through wildlife-friendly
practices, such as agroforestry or mixed cropping, across larger areas of agricultural land.
This approach often leads to lower yields per unit of area compared with land sparing
policies, as it prioritises ecological objectives over food production, thereby requiring more
land to be used to produce the same amount of food.

These are not mutually exclusive policy options, and some commentators have made the
case for a ‘three-compartment approach’ to land use policy, allowing for an evidence-based
combination of high-yield production, low-input farming, and nature restoration.

However, this is not reflected in current farm support policies. The continuing focus on
land sharing options in government policy, encouraging farmers to adopt production-
limiting agri-environmental measures, is likely to further aggravate the declining trend in
food production and yield per hectare, with potentially serious consequences for UK food
security.

UK FOOD SECURITY - OUTLOOK TO 2050
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The overriding conclusion of this analysis is that to deliver on biodiversity and
nature recovery targets, while maintaining the transition to net zero through carbon
sequestration and renewable energy, the consequential impact on food supplies of

taking more farmland out of production must be compensated by focusing on scientific
innovation to improve agricultural yields.

This will require better co-ordination of policies across several government departments
with responsibilities for agriculture, the environment, biodiversity, climate change
mitigation, energy production, food security and trade. It will also require changes to the
way government support is allocated so that measures to increase domestic agricultural
production on our most productive farmland are prioritised.

Z.I.R Science for Sustainable Agriculture



Appendices

Scenarios

The Business-as-Usual (BAU) Forecast, Moderate (Mod) Scenario, and Maximum (Max)
Scenario in the “UK Food Security — Outlook on 2050" report are based on distinct
assumptions about future agricultural trends, land use, and policy implementation, derived
from historical data (2000-2024) and government ambitions for net-zero emissions and
biodiversity. Below is a brief explanation of each:

BAU Forecast: Assumes a continuation of historical trends (4.4% UAA decline, 13.2%
production drop from 2000-2024) with modest productivity improvements. UAA falls 5% to
15,925 thousand hectares by 2050, with arable land dropping 5.8% to 5,108 thousand hectares
and livestock land 4.6% to 10,817 thousand hectares. Production declines 7% to 44,137
thousand tonnes, reflecting ongoing land loss (e.g., urban sprawl, woodland expansion) and
climate variability, offset somewhat by efficiency gains in conventional farming practices. Net
imports rise by 148.3-214.5% to compensate for shortfalls, assuming stable trade patterns.

Mod Scenario: Assumes a balanced intensification of environmental policies (e.g., tree
planting, peatland restoration), accelerating UAA decline to 15,084 thousand hectares. Arable
land drops 20.4% to 4,315 thousand hectares (28.6% UAA share), while livestock land falls
slightly to 10,769 thousand hectares (71.4% UAA). Production decreases to 41,489 thousand
tonnes due to greater land reallocation for carbon storage and bioenergy crops, with per-
hectare productivity stable under conventional methods. Net imports increase 192.9-259.0%
to meet demand, reflecting heightened trade reliance.

Max Scenario: Envisions aggressive implementation of net-zero and biodiversity targets
(e.g., widespread afforestation, 150,000-200,000 hectares for solar farms). UAA declines 23.7%
to 12,795 thousand hectares, with arable land dropping 58.4% to 2,259 thousand hectares
(17.65% UAA share) and livestock land 7.1% to 10,536 thousand hectares (82.34% UAA share).
Production falls 32.4% to 32,082 thousand tonnes, with modest productivity increases but
significant land loss. Net imports rise by 351.4-417.5%, exposing the UK to global market
volatility.

All scenarios assume population growth (75 or 80 million), driving higher supply needs and
increasing import dependency.

Explanatory Note on LSTM Forecasting

LSTM (Long Short-Term Memory) forecasting is a machine learning technique that uses
LSTM neural networks to predict future values in time series data. Compared to traditional
methods like ARIMA, LSTMs better handle non-linear, long-term, and multivariate patterns,
They are a strong choice for a agricultural forecasting because:

e Captures Long-Term Dependencies: LSTMs excel at modelling long-term patterns and
dependencies in sequential data, ideal for capturing multi-year trends like crop cycles or
climate impacts over 25 years.

¢ Handles Non-Linearity: Agricultural production is influenced by non-linear factors
(e.g., weather, market dynamics, soil conditions). LSTMs can model complex, non-linear
relationships effectively.

* Adapts to Seasonality: LSTMs can learn recurring seasonal patterns (e.g., annual harvests
or planting seasons) inherent in agricultural data.

* Robust to Noise: Agricultural time series often have noise from unpredictable events (e.g.,
droughts, pests). LSTMs are robust to such irregularities due to their memory cells that
prioritise relevant information.

UK FOOD SECURITY - OUTLOOK TO 2050

15



e Flexible Input Handling: LSTMs can incorporate multivariate inputs (e.g., rainfall,
temperature, prices), which are critical for accurate agricultural forecasting.

To project UK agricultural production to 2050 in this report, Grok 4 followed these steps
using Long Short-Term Memory (LSTM) forecasting:

1. Data Collection and Preprocessing:

o Input Data: Collected data from 2000-2024 in DEFRA's Agriculture in the United
Kingdom (AUK) reports, covering Utilised Agricultural Area (UAA), arable/livestock
land, and production for ten food products (e.g., wheat, beef). Integrated weather
data (rainfall, temperature), disease records (e.g., cabbage stem flea beetle), and policy
changes (e.g., environmental schemes) to capture non-linear effects. This used the
commentaries in the AUK reports and a other sources.

o Data Preparation: Cleaned and normalised data to a O-1 range, segmented into
5 to 10-year sequences for input-output pairs. Aligned weather/disease data with
production timelines, quantified policy impacts as inputs, and handled missing values
via interpolation/imputation.

2. LSTM Model Design:

o Architecture: Designed a multi-layered LSTM with memory cells (forget, input,
output gates) to model long-term dependencies and non-linear patterns. Included
multivariate inputs: weather (seasonal precipitation/temperature), disease prevalence,
and policy-driven land use changes.

o Sequence Length: Chose 5 to 10-year sequences to capture trends, seasonality, and
disruptions from weather, diseases, and policies, leveraging LSTM's suitability for noisy
agricultural data.

3. Training the Model:

o Training Process: Trained the LSTM on 25-year data using backpropagation through
time, optimising mean squared error with Adam’™. The model mapped inputs (e.g.,
weather anomalies, disease impacts, policy shifts) to production outputs.

o Scenario Integration: Adjusted inputs for BAU (5% land loss), Moderate (20.4% arable
loss), and Maximum (23.7% UAA loss) scenarios, incorporating policy impacts (e.g.,
afforestation, solar farms) and projected weather/disease trends.

4. Forecasting:

o Prediction: Predicted 2050 metrics (UAA, production, per capita supply) by processing
recent sequences and forecasting forward, accounting for non-linear impacts like
extreme weather, diseases, and policy-driven land reductions.

o Qutput Adjustment: Adjusted outputs for population growth (75/80 million) and
import needs, aligning with scenario-specific land and productivity constraints.

5. Validation and Output:

o Validation: Validated using cross-validation, ensuring robustness against weather,
disease, and policy noise. Evaluated accuracy with RMSE.

o Results: Produced projections, e.g., 7% production drop in BAU (44,137 thousand
tonnes) or 32.4% in Max (32,082 thousand tonnes), as per the report.

00Optimising mean squared error (MSE) with Adam refers to the process of training a machine learning model
by minimising the MSE loss function using the Adam optimisation algorithm. This is essentially a means fine-
tuning the LSTM to reduce prediction errors for agricultural production by efficiently navigating the complex,
non-linear data landscape using adaptive gradient updates.

L
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