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Executive Summary

The value of water is in how it is used

Water has different values to different users. It also has different purposes. The way in which water
is used is key to its value. There are three broad ways that water is used, as shown in Figure 1.

Water forms part of the Water is an important part Water is neither part of the

product of a process product nor process

e Reducing water would e Reducing water would e Reducing water would
reduce mass or quality of affect extent to which increase costs
the product processes can be * Focus is on using methods
e Focus is on converting undertaken effectively that do not use water
water efficiently into e Focus is on reducing water (dry) or are closed circuits
product to save water use but ensuring (once set up no further
* Agriculture, food and standards are still met water is needed)
drink manufacturing ¢ Other manufacturing, ¢ Cooling, e.g. data centres

public water supply

Increasing potential to reduce water use without it affecting productivity

Figure 1: Different ways that water adds value to different industry sectors

The impact of reducing water that forms part of a product

Spray irrigation in agriculture relies in the abstraction of water, which is permitted under an
abstraction licence. This study focuses on the impacts from a reduction in water availability to
agriculture and its supply chain, under a situation where abstraction licences for spray irrigation are
reduced or revoked. The impacts are reported as lost output and how this is then reflected in loss of
jobs. As noted above, reducing water to the agriculture sector means there is a reduction in the
volume of product, here based on estimated loss of yield of three key crops: potatoes, field
vegetables, and soft fruit.

Where licence reductions occur, the impacts on the agriculture sector in Norfolk and Suffolk would be
significant. Economic modelling shows a reduction of up to 30% in water that can be abstracted for
spray irrigation could result in losses of up to £2,300 million across the agricultural supply chain, over
20 years (discounted in Present Value). This would result in the loss of up to 2,500 FTE jobs in any
one year. Figure 2 summarises these key figures along the supply chain. These losses account just for
reductions in yield and do not reflect loss of quality, which is also very important for profitability and
farm resilience.

The knock-on effects of reducing water where it forms part of a product

Loss of output is significant, but this is not the only effect. Reduction in access to water where it forms
part of a product results in a vicious circle which would increase the effects even further than those
shown in Figure 2. Loss of certainty that water is available when needed would reduce investment.
Reduced investment would lead to further loss of outputs and jobs along the whole agricultural supply
chain, with potential impacts on overall business viability, and require the loss of products produced
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in Norfolk and Suffolk to be replaced by imports, likely from countries with equal or greater levels of
environmental stress.

£360 million to £450 million to £86 million to £340 million to
£670 million £830 million £160 million £620 million

Input
providers,
support
services

Processing, Retailing,

Farmers transport, food
traders service

420 to 760 480 to 880 100 to 180 390to 710
FTE jobs FTE jobs FTE jobs FTE jobs

Figure 2: GVA losses along the agricultural supply chain (minimum values relate to low reductions to
licensed volumes; maximum values relate to very high reductions to actual abstractions); all values are
Present Value (discounted) over 20 years; job losses are shown as per year values since it is likely that it
would be the same job that would be lost over a number of years, rather than new jobs each year

The need for water to be secured where it forms part of a product

The only option available to users where water is part of their product is to replace any water lost due
to abstraction licence changes. Our study assumes this is through construction of storage reservoirs
to help ensure continuity of supply. It assumes that sufficient water could be abstracted at times of
high flow to fill reservoirs and sufficient capital is available to enable this investment to be made. This
water can then be used as needed during the irrigation season to avoid the projected losses. The
costs of building enough reservoirs to reduce the lost output are estimated at up to £130 million.
Thus, provided sufficient access is made available to water for storage and time to construct the
required reservoirs, then the impacts in Figure 2 could be avoided, although some assistance may be
needed to help farmers with the planning and capital costs of this investment.

What does this mean for allocation of water?

Water has to be allocated based on the ability of the user to replace or reduce water use. Water
efficiency should be promoted in all cases, but consideration has to be given to the extent to which
water use can be reduced. Where water forms part of a product, it needs to be recognised that
reduction of water use will have a direct effect on productivity and that this cannot be avoided without
finding replacement water. Without certainty that water would be available, then the risk of investing
may be seen as too great. Thus, priority should be placed on ensuring water is allocated to those uses
that cannot reduce it. Environmental impacts can be reduced by making better use of high flows or
high rainfall for storage of water (such as is predicted to occur in future winters). That water can then
be used when there are shortages (which are expected to increase in future summers).
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1 Introduction

1.1 The need to identify the value of water to agriculture

1.1.1 Abstraction - the current situation

Water resources in the East of England are under pressure. Development is increasing demand for
water for housing, industry, power generation and Artificial Intelligence datacentres, while legislation
around environmental protection is resulting in ever tighter controls on what can be abstracted and
when. For example, the Environment Act 2021 provides for changes to the licensing system that
enables the Environment Agency to vary or revoke permanent abstraction licences without
compensation in certain situations (including protecting the water environment) (Environment
Agency, 2022a).

When considering abstractions from all sources except tidal waters, public water supply is the biggest
abstractor, representing 51% of the estimated water abstracted in England in 2018 (the latest year for
which data are published) (Defra, 2022). Figure 1-1 presents the estimated abstractions by purpose
for the Anglian region for 2018. This clearly shows the dominance of public water supply as an
abstractor. Abstractions for other purposes are much lower, with the second most important
category, spray irrigation, representing less than one tenth of the volume abstracted for public water

supply.
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Figure 1-1: Estimated abstractions by purpose from all sources except tidal, Anglian region, 2018.

Source: Defra (2022)
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1.1.2 Changes anticipated to abstractions

The Environment Agency recently published the National Framework for Water Resources 2025
(Environment Agency, 2025), an update on the previous framework published in 2020 (Environment
Agency, 2020). The current framework highlights that within the Water Resources East area, public
water supply requires an additional 679 Ml/day between 2030 and 2055 (Environment Agency, 2025).
These additional requirements are driven by the need to ensure drought resilience, deal with
population change, enable environmental improvements and manage climate change impacts.
Multiplying this figure out to obtain an annual value suggests an increase of 248,000 Ml/year, which
equates to just under a third of the estimated PWS abstractions from non-tidal sources for the Anglian
Region in 2018.

Further to the increasing demands of public water supply, water is also expected to be allocated to
the environment. The Environmental Destination sets out the water resources needed to meet
current and future environmental requirements (Environment Agency, 2025). In many catchments
across England, abstraction needs to decrease, potentially by more than 80%, for a healthy water
environment to be obtained. In managing this process, the Environment Agency notes that they
intend to prioritise the catchments with the greatest pressures on resources (Environment Agency,
2025). This revocation and/or adjustment of licences in under pressure catchments is not an issue for
the future, but something that has already begun (Environment Agency, 2022b).

1.1.3 Water for food production

The National Framework for Water Resources 2025 does recognise that secure and reliable water
resources are necessary for food production (Environment Agency, 2025). This is borne out by the
United Kingdom Food Security Report 2024 (Defra, 2024a), which highlights the impacts of water
availability on yields. The report notes that a decrease in the domestic production of vegetables
between 2021 and 2023 was mainly due to extreme weather conditions. Whilst planting and
harvesting were delayed by a wet spring, the hot and dry weather experienced in early summer meant
that it was difficult for farmers to get crops to germinate or grow without irrigating them (Defra,
2024a). This highlights the importance of access to water for irrigation to enable agricultural
production during drier weather.

If abstraction licences are adjusted or revoked to meet Environmental Destination requirements, this
could mean that agricultural abstractors do not have ready access to water when it is needed. The
percentage reductions given in the National Framework are catchment averages. Dependent on their
location and existing licence conditions, some individual producers with licences for agricultural
abstractions could lose 80-100% of their licensed volumes®. This loss could severely limit the ability of
some growers to continue production, since water might not be available when they need it. In the
short to medium term, around half of all water bodies in Norfolk and East Suffolk are expected to be
affected, with just under a quarter having reductions estimated to be greater than 50% of current
licensed volumes?. By 2050, it is estimated that up to three quarters of waterbodies will be affected,
with more than a quarter having reductions in licensed volumes that are greater than 50%>.

1 Pers. comm. EWAG, via email 20 August 2025.
2 pers. comm. Norfolk EFF, via email 20 August 2025.
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Case study 1: Costs of conversion to a mains water supply

The Bartlett group is the largest supplier of potatoes in the UK. It manufactures frozen food products at its
Worstead factory and needs large quantities of water to do so. Historically, the site was supplied from its
own boreholes but following a sustainability review, the Environment Agency revoked its abstraction
licence, putting the factory and its 330 employees at risk.

The site has an annual turnover of £80m, including £10m which is spent with local farmers and growers
buying potatoes for processing. It supplies 750 tonnes per week to UK own brand companies who, in turn,
supply most UK food retailers.

To continue operations at Worstead, Bartlett have taken a supply from Anglian Water, implemented a
water conservation and efficiency programme and commissioned hydrogeologists to determine if
abstraction of a residual volume of groundwater from the boreholes at the site is sustainable.

Obtaining a supply from Anglian Water involved spending £1.6m on a 2.2km pipeline and a large, new
storage tank at the site. The long-term operating cost for these is estimated to be £900k/year. The water
conservation programme cost £70k and is designed to allow the site to operate on the reduced volumes
available from Anglian Water and the on-site boreholes. It is based on increased metering across the site,
process improvements and water reuse.

1.1.4 The need for an assessment of the value of water for food

In light of the above, East Suffolk Water Abstractors Group (ESWAG) and Norfolk Environment Food
and Farming (Norfolk EFF) asked Risk & Policy Analysts Limited (RPA) to develop and apply an approach
to capture the value of water to food production in Norfolk and Suffolk. It was highlighted that:

The value of water for food production to the local and national economy
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e The groups have already been working with hydrogeologists, hydrologists and water resource
planners on measures needed to achieve sustainable abstraction;

e Agricultural abstractors do not have a statutory process that enables them to pass on the costs
of licence reductions to their customers. This means that the costs of adaptation tend to be
borne by the businesses that are affected; and

e Ensuring the impacts of sustainable abstraction in the food and farming sector are visible to
planners and policymakers will enable more informed decision making, especially where there
are trade-offs between the delivery of environmental outcomes and the production of food.

It is noted that the National Framework allows for water abstractor groups to develop alternative
proposals to the regulatory default pathway for licence reductions (Environment Agency, 2025). This
study is required to provide evidence that will enable abstractors to take advantage of the flexibility
that is being offered.

It was requested that the study focused on the value of water used for spray irrigation, since this
represents the vast majority of agricultural water use, both in the Anglian region (as illustrated earlier
in Figure 1-1) and for England overall. Whilst the report focuses on Norfolk and Suffolk, the findings
are expected to be relevant to catchments in other parts of England where abstraction for agricultural
production is concentrated.

1.2 Aims and objectives of the study

The aim of this study was to describe, measure and monetise (to the extent possible) the value of
irrigated agriculture in Norfolk and Suffolk to the nation.

This aim was to be met through developing a value chain-based approach to demonstrate how
irrigated agriculture delivers value through the production of goods and services that provide benefits
to English society®. This value illustrates how use of water in agriculture can maximise economic
benefits for the nation.

Findings from the study are expected to be utilised by ESWAG and Norfolk EFF in future discussions
regarding abstraction and efficient use of water resources.

1.3 Structure of this report
The remainder of this report is structured as follows:

e Section 2 presents the approach to the study including the descriptions of the ‘reduction in
licences’ and ‘with reservoirs’ scenarios;

Section 3 presents the findings from the assessment;

Section 4 provides links to wider policy;

Section 5 discusses the case for agriculture to have access to water; and

Section 6 contains the references.

Annex 1 provides the method used to model economic losses whilst Annex 2 provides more detailed
information on the findings.

3 The study is covering England alone since agricultural policy is devolved.
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2 Approach to the study

2.1 Overview

The assessment is based on identifying the losses to agriculture and the agricultural supply chain from
a reduction in the volume of water available for irrigation. Three main crops are considered: potatoes
(early and maincrop), field vegetables, and soft fruit. The losses are based on the difference between
the amount of water needed to achieve maximum vyields and the amount of water available for
irrigation. It is assumed under the ‘reduction in licences’ scenario that there would be a reduction in
the amount of water available for abstraction in line with the ‘Environmental Destination’ as set out
in the National Framework (Environment Agency, 2025). Assumptions have been made on the extent
to which abstraction needs to reduce by to achieve and maintain a healthy environment with these
intended to give an indication of the potential range of impacts. Given the uncertainties over future
potential reductions, four changes in licensed volumes and actual abstractions are tested in the model:

e Low reduction: 6%

e Mid reduction: 16%

e High reduction: 23%

e Very high reduction: 30%

2.2 Reduction in licences scenario

2.2.1 Summary of approach

The reduction in licences scenario assumes that action is taken to deliver the ‘Environmental
Destination’ as quickly as possible (the fastest technically possible pathway). This assumes reductions
in water licences from 2025. This may over-estimate losses in some cases, where there is a longer
timeframe before reductions are seen, but may also under-estimate for those catchments where
reductions are already under discussion.

The assessment is undertaken from 2025 to 2054, i.e. a 20 year assessment period. Account is taken
of potential climate change impacts on rainfall, drawing on UKCP data to assess how rainfall patterns
might change in East of England/Anglian River Basin District (RBD). These effects are incorporated
into the assessment of the likely availability of water, alongside changes to abstraction licences.

Figure 2-1 provides a summary of the key steps used when assessing losses under the reduction in
licences scenario. The full approach used to estimate the losses is set out in Annex 2.
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Figure 2-1: Summary of key steps used to assess losses under the reduction in licences scenario

2.2.2 Assumptions and caveats

The approach relies on a lot of data from varying sources. Assumptions also need to be made to fully
account for differences between data sources and to enable estimates of losses to be made. Table 2-
1 summarises the assumptions and caveats linked to the estimated losses presented in Section 3. It
also provides the level of uncertainty each assumption or caveat adds in terms of overall uncertainty
in the results, with this colour coded to provide a visual indication of the key uncertainties (dark red =

very high uncertainty; red = high uncertainty; orange — moderate uncertainty; green = low

uncertainty).

Table 2-1: Assumptions and caveats and associated uncertainties for the reduction in licences scenario

Assumption/caveat

Rainfall for 1836-2024 gives a
good indication of percentiles for
drier and wetter years

Implication of assumption
Used to assess percentiles to
identify which years are
drier/wetter so a long timeframe
gives a good dataset

Level of uncertainty
Low — but this long dataset may
not reflect recent changes to
weather and trends towards
drier/wetter summers

UKCP data for 2020-2039 and
2030-2049 for Anglian RBD and
East of England used to estimate
how rainfall might change over
time. UKCP gives a range from
wetter to drier summers so the
percentile changes have been
used and applied to the
percentiles for the past 20 years
(which are then projected forward
to the next 20 years)

Assumes the percentile of
previous 20 years is a good
predictor of the next 20 years,
and that the percentile of each
previous year can be used to
identify what the projected
change might be. Change is
reduction in rainfall for drier years
by 27% (2025) to 34% (2049) and
increase in rainfall for wetter
years by 14% (2025) to 18%
(2049)

Moderate — simplifications have
been made to use the UKCP
projections and apply these to
20 years of rainfall data but this
enables some account to be
taken of potential future
changes in rainfall

The value of water for food production to the local and national economy
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Table 2-1: Assumptions and caveats and associated uncertainties for the reduction in licences scenario

Assumption/caveat

Irrigation period varies by crop to
reflect different timing when
irrigation is required

Implication of assumption
Ensures water need considers
rainfall over key months required
for irrigation. For early and
maincrop potatoes this is specific
to those crops; for field
vegetables and soft fruit there is
considerable variation between
different types of crops so an
indicative irrigation period is used
based on field bean and field peas
(for field vegetables, this is
because gross margin values are
only available for these crops; for
soft fruit, strawberries are used)

Level of uncertainty
Moderate — uncertainty is lower
for potatoes but higher for field
vegetables and soft fruit due to
need to generalise. However, an
indicative period is used that
reflects more of the different
types of crops

Irrigation need varies by Norfolk
and Suffolk but not within the
counties with Norfolk applied to
agroclimatic zone 6 and Suffolk to
agroclimatic zone 7

Results in irrigation need being
higher in Suffolk than in Norfolk

Area of each crop is based on
agricultural data for 2024 from
Defra (2025a) with percentage of
each crop irrigated using data
from 2017

This provides a snapshot of land
use and is used to indicate how
much land area is under each
crop. The amount of each crop
that is irrigated is estimated using
a study by Knox et al (2017) which
relates to potatoes, carrots (for
field vegetables) and strawberries
(for soft fruit). However, the
proportion of strawberries
irrigated is given as 10%, which
seems contradictory to other
sources that highlight the
importance of irrigation to
strawberries so a higher
percentage of 90% is used instead

Licence data from 2024 are used
from the National Abstraction
Licence Database (NALD) for both
licensed volumes and actual
abstractions

These data were provided by the
Environment Agency for Norfolk
and Suffolk and the case study
areas. The key source of
uncertainty is with the actual
abstractions since 2024 was a
relatively wet year, therefore, it is
expected that actual abstractions
were lower than if the weather
had been drier. Estimating losses
based on reduction in actual
abstraction will therefore over-
estimate the potential effects
since the starting volume (used to
indicate water availability) is less.
It is also important to note that in
drier years licence conditions,
such as Hands off Flows, may

Moderate — generalises across
the counties and may under-
estimate for some parts of
Norfolk and over-estimate for
some parts of Suffolk
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Assumption/caveat

Table 2-1: Assumptions and caveats and associated uncertainties for the reduction in licences scenario

Implication of assumption
mean actual abstractions cannot
be significantly increased

Level of uncertainty

The NALD dataset gives licensed
volumes including water
abstracted for storage. An
assessment has been made of the
proportion of licences that are
used in winter months to fill
storage reservoirs since it is
assumed that these would be less
likely to be reduced due to
additional environmental need

This reduces the licensed volumes
and actual abstractions by 28%
but is considered necessary to
avoid counting impacts on water
that may not be affected by
changes to licences

Moderate — the 2024 data
provided by the Environment
Agency does not include specific
licence details (for data
protection issues) so more
generic data have been used to
estimate the volume of water
used for filling reservoirs in the
winter

Projected licence reductions are
based on generic data around
potential reductions and
discussions with ESWAG and
Norfolk EFF with four reduction
scenarios applied to give a range
of estimated losses

The National Framework (Figure
5; Environment Agency, 2025)
shows percentage abstraction
reductions that could be
significantly greater than even the
very high scenario assessed here.
This could under-estimate impacts
on some catchments

Moderate — the four scenarios
provide an indication of
sensitivity of the losses to higher
reductions.

Yield reductions based on water
not being available to fully irrigate
crops are estimated based on data
from studies that present change
in yield due to change in irrigation

CUPGRA has provided data for
potatoes which enables an
analysis to be made of yield
versus irrigation plus rainfall.
Data were available for a
reasonably long timeframe (1993-
2019) although the results still
showed quite a low degree of
confidence. The highest R? has
been used to give the highest
degree of confidence; this takes
into account potato variety and
whether the irrigation status was
wet or dry

Moderate — the data are specific
to the UK from research
undertaken over a long period.
Although the R? value is
relatively low (0.25), this is
considered to be a more robust
and reliable dataset than data
from other studies that were
mostly done outside the UK

Yield reductions for field
vegetables are based on onions
(which is again a different
vegetable from that used to
identify irrigation need (carrot)
and gross margin (beans/peas)).
In addition, the data were from a
meta-analysis of 26 different
studies but these were from a
number of different countries,
only four of which were in a
temperate climate, so a different
context

For soft fruit, yield reduction is
based on a study undertaken in
Turkey (being the only study
found that provided sufficient
data to assess the relationship
between yield and irrigation).
These data are also based on just

Very high —the context for the
relationship is different and the
number of data points is low.
Some validation was attempted
with other studies that reported
(qualitatively) how important
irrigation is to strawberries but
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Assumption/caveat

Implication of assumption
eight data points, four with spray
irrigation and four with
alternative irrigation approaches

Table 2-1: Assumptions and caveats and associated uncertainties for the reduction in licences scenario

Level of uncertainty
no better indication of the
relationship between yield and
irrigation was found. Although
this is a very high uncertainty for
losses to strawberries, the crop
area under strawberries is low
with just 2% (Norfolk) and 1%
(Suffolk) of the available
irrigation water allocated to
these crops (see below) so the
effect on the final losses is much
more limited

Allocation of water to each crop
(potatoes, field vegetables, soft
fruit) is based on area of each
crop grown and water demand

This results in most water (85% in
Norfolk and 77% in Suffolk) being
allocated to potatoes, followed by
field vegetables (11% in Norfolk
and 22% in Suffolk) with just 4%
(Norfolk) and 1% (Suffolk) being
allocated to soft fruit

Low — this redistributes the
losses to try to better reflect
how water is used in Norfolk and
Suffolk based on crop area
irrigated and volumes of water
needed by crop

Assumption is that all water used
for spray irrigation is applied to
these three crops based on
current area grown and
proportion of the area grown that
is irrigated

This means that water that may
be used to irrigate other crops
(e.g. wheat) is assumed to all be
available to potatoes, field
vegetables and soft fruit, so this
may over-estimate the water
available to those crops (since it is
assumed that no other crops are
irrigated). This may under-
estimate the overall effects since
(i) less water may be available for
the three modelled crops if some
is used for what and (ii) losses in
what (or other irrigated crops) are
not captured

Low — the crops modelled are
those that require the most
irrigation so assuming water is
concentrated onto those crops is
a simplification necessary to fit
with the project budget. Itis
considered better to under-
estimate the impacts rather than
over-estimate to ensure that the
results are seen as robust

Losses are based on gross margins
to reflect loss to the UK economy
(rather than turnover which
would reflect losses to farmers)
using Nix (2025). This provides
gross margins for early and
maincrop potatoes, strawberries
(for soft fruit) but only for field
beans and field peas for field
vegetables

Although field peas have the
highest area for field vegetables,
the other assumptions are based
on other vegetables (irrigation
need is based on carrots, and
yield reduction due to deficit
irrigation is based on onions)

Very high for field vegetables —
combinations of assumptions
use different field vegetables
with no data available for other
vegetables to ensure a

consistent approach

Supply chain impacts are based on
multipliers for the potato supply
chain and horticulture (applied to
vegetables and soft fruit) and then
for preparation and processing of
fruit and vegetables. Output
multipliers are used from SRUC
(2024), however, these cannot be
applied to output from each crop
since that includes the costs

Output multipliers are converted
to GVA effect by multiplying the
output multiplier by the
proportion of output that is GVA
(for agriculture that is estimated
as 42.3% based on Defra, 2024b).
This then ensures that double
counting of costs that are
transferred from one part of the
supply chain to another is

Low — the multipliers are specific
to the crops in question and
based on a source from the UK
(SRUC, 2024), and output
multipliers have been converted
to GVA effects to avoid double
counting

The value of water for food production to the local and national economy

RPA | 9



Table 2-1: Assumptions and caveats and associated uncertainties for the reduction in licences scenario

Assumption/caveat

incurred and spent with suppliers.
Therefore, to capture the
additional losses to the economy
it is necessary to convert the
output multiplier to a GVA effect.
This is multiplied by final demand
(here taken as gross margin)

Implication of assumption
avoided. Both forward and
backward multipliers are used to
capture the upstream and
downstream supply chain
impacts. Only Type | multipliers
have been used since it is
recognised that there are
considerable uncertainties with
Type Il multipliers such that ONS
does not publish Type 2
multipliers

Level of uncertainty

Employment effects are based on
estimating the output needed to
generate one FTE and then using
loss of output to estimate the
number of jobs that would be lost

This calculation is based on data
on total output in the East of
England (Defra, 2024b) divided by
employees in Eastern region from
Defra (2025a). It is difficult to find
data at local authority level from
the same data sources. Data on
number of employees is available
for 2024 from Defra (2025a) and
converted to FTE as described
below. The same value is then
applied to Norfolk and Suffolk
with no better data being found

Moderate — data are used for
the East of England but these
are considered to provide a
better estimate (data specific to
Norfolk and Suffolk appear to
give questionable results in
terms of output per FTE)

Conversion of agricultural worker
data to FTEs is based on farmers,
partners, directors and spouses
being 1 FTE; farmers, partners,
directors and spouses part-time
being 0.5 FTE; salaried managers 1
FTE; regular workers full-time 1
FTE; regular workers part-time 0.5
FTE; and casual workers 0.33 FTE

This affects the total number of
FTEs estimated to work in
agriculture, which is used to
estimate output per FTE and thus
the impacts of losses on number
of jobs within agriculture

Low — although the estimated
FTE made up of part-time and
casual works might vary from
the assumptions made, the
implications of changes to these
assumptions are small

The employment multipliers are
also taken from SRUC (2024) for
potatoes and horticulture so
should be a reliable indicator of
knock-on employment effects
from direct losses to agriculture.
However, only a backward
(upstream) multiplier is available
so a calculation has been made
that an upstream employment
multiplier can be estimated based
on the relationship between the
backward and forward output
multipliers

The assumption that the
relationship between the
backward and forward output
multipliers can be used to give an
indicative forward employment
multiplier assumes that
employment effects are the same
as output effects, which may (or
may not) be correct. As such the
downstream employment effects
could be over- or under-estimated
but it is not possible to identify
the direction of the uncertainty

GVA impacts are assessed by
using an output/GVA ratio,
drawing on data from Defra
(2025c) which uses data from
2023

The information is used to derive
a ratio based on output of £31.8

billion in 2023 and GVA of £14.5

billion

Moderate — the output to GVA
ratio is 0.46
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2.3 With reservoirs scenario

The with reservoirs scenario considers how agriculture could, with time, deliver an alternative
pathway that could achieve the same outcome as the fastest technically possible pathway but with
fewer impacts. Thisis likely to include consideration of actions that farmers could take collaboratively
but which will take time to implement. Showing there is a case for a plausible alternative pathway
will provide ESWAG and Norfolk EFF with an option to present to the Environment Agency to help
inform discussions, linked to principle 5.

The with reservoirs scenario is based on identifying alternative ways of ensuring more water is
available to support irrigation, e.g. through use of reservoirs, or more efficient water use. This
therefore involves costs being incurred by farmers (and the wider supply chain) to offset some of the
losses seen under the reduction in licences scenario.

The calculations are based on the costs of reservoirs that would enable sufficient usable volume to
cover the difference between the water available from licences and the water needed. Note this
would require changes in licences to enable filling of reservoirs so water is available for use when it is
required. Costs assumptions are based on actual costs of construction with 10% added for planning,
design, supervision and Reservoirs Act requirements. Costs of HDPE lined reservoirs are assumed to
have increased by around 30% since 2022 (when the estimates were prepared) and by 50% for clay
lined reservoirs.

The method used is to identify the gap between water available (from rain and existing licences that
have not been reduced) and assume that this will be replaced via water stored in reservoirs. Costs are
based on usable volumes of water per m? for small (average of 37,500 m3), medium (average of 75,000
m3) and large (average of 125,000 m3) usable capacity. The ESWAG reservoir costs (provided by
Andrew Hawes based on actual reservoir costs and from ESWAG directly) have been grouped by size
to give capital costs per m3 for HDPE and clay lined reservoirs, as summarised in Table 2-2.

Table 2-2: Reservoir costs (based on data for actual reservoirs from ESWAG), to two significant figures

Costs per m? (including planning, design and supervision costs)

Type of reservoir

Small Medium Large
HDPE lined £4.00 £3.30 £2.10
Clay lined £3.60 £3.20 £2.80

The number of small, medium and large reservoirs required to meet the water need is estimated by
assuming the same proportion as in the ESWAG reservoir costs data, as summarised in Table 2-3. The
total volume required is allocated over this size breakdown to give the estimated number of reservoirs
of each type required, as in Table 2-4. The total costs are then the number of reservoirs required
multiplied by cost per m? multiplied by usable volume (in m3).

Table 2-3: Proportion of reservoirs by size (based on data for actual reservoirs from ESWAG)

. Proportion of reservoirs by size
Type of reservoir

Small Medium Large
HDPE lined 8% 46% 46%
Clay lined 14% 18% 68%
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Table 2-4: Number of reservoirs by size required to cover the shortfall from reductions in licences (based
on data for actual reservoirs from ESWAG), to two significant figures
Number of reservoirs by size (linked to the number of reservoirs needed to replace
the water lost due to the level of reduction in abstraction under the reduction in
licences scenario)

Type of reservoir

Small Medium ‘ Large
6% 30% (7 30% 6% 30%
reduction reduction reduction reduction reduction reduction
HDPE lined 14 31 83 190 83 190
Clay lined 23 51 30 68 120 250

Case study 2: Switching from boreholes to reservoirs

Place UK is one of the leading growers and processors of soft fruit in the UK. On its farms in Norfolk,
strawberries, raspberries, blackberries and cherries are grown in large, modern polytunnels while rhubarb is
grown out in the fields, along with arable crops such as wheat, barley, sugar beet and lentils.

The business has an annual turnover of £31m and employs over 650 full time and temporary staff. It spends
£2m per year in the local economy on equipment and services, which is sourced from 180 local businesses.

To survive, the crops grown in the polytunnels need to be irrigated several times a day. Water is also needed
for fruit and vegetable processing and for the seasonal staff, who are housed at the farms and pick the fruit.
Previously, on-site boreholes were used to meet these demands but following a review by the Environment
Agency, these were deemed to be unsustainable, and the related licences revoked, refused or not
authorised.

Faced with this challenge, Place UK considered moving production to another area or moving out of soft fruit
production altogether. Instead, the decision was taken to invest at the farms and two new storage reservoirs
were built, one filled with rainwater harvested from the polytunnels and the other filled from local rivers
during the winter. The total capital cost for these was £1.8m, with annual operating costs increasing by £63k
relative to the old groundwater system. Lesson learned include:

e The time available to adapt to the licence changes was challenging, with a huge effort needed to
complete the required design, planning, funding and permitting work in the 2-3 years that was
available; and

e Collaboration between abstractors allowed the costs and risks of the new reservoir build
programme to be shared.

Following detailed modelling, a residual amount of groundwater abstraction is still permitted at the site. As
the business adapts to its new water supply arrangements, work is on-going to optimise the balance between
this, the rainwater harvesting system and the new surface water abstractions.

An assessment of the assumptions and caveats and their implications for the findings are provided in
Table 2-5. As with Table 2-1, colour coding is used to provide a visual indication of the key
uncertainties (dark red = very high uncertainty; red = high uncertainty; orange — moderate uncertainty;
green = low uncertainty)
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Table 2-5: Assumptions and caveats and associated uncertainties for the with reservoirs scenario

Assumption/caveat

Reservoir costs are based on costs
provided by ESWAG (from Andrew
Hawes) for reservoirs built
between 2010 and 2020 with
costs uprated to account for
increases since 2022, and directly
from ESWAG in 2024 prices

Implication of assumption
Costs per m? are used to estimate
the scenario costs of replacing the
lost water; small, medium and
large reservoirs are used to give a
range of costings linked to usable
volume. The costs are assumed to
include capital costs of
construction plus costs associated
with supervision and
requirements of the Reservoirs
Act

Level of uncertainty

Moderate — the costs provided
by ESWAG include 22 HDPE lined
reservoirs and 26 clay lined
reservoirs so a good sample, but
still a smallish sample and there
is significant variation in costs
from one reservoir to the next

Time taken from conception to
completion of a reservoir is three
years (Cranfield University, 2014)

This means that losses that occur
in years 1 to 3 under the
reduction in licences scenario
would not be avoided. Itis also
likely that reservoirs would be
planned and built over time rather
than all at once

Moderate — with a plan in place
to enable reduction in summer
abstractions it may be possible
to negotiate with the
Environment Agency to delay
licence changes until reservoirs
are in place, thus minimising
actual losses that occur

Operating costs linked to annual
repair and maintenance and are
around 1% of the overall capital
cost of the reservoir and ancillary
works for a clay reservoir
(Cranfield University, 2014)

Annual costs are assumed to be
incurred each year at 1% of
capital costs for the life of the
reservoir. Some of these may be
included in the ESWAG costs
although these do not appear to
include costs associated with
abstraction to fill the reservoirs or
pumping of water for irrigation so
1% has been retained

Restrictions on abstraction for
storage may mean other
mitigation measures may be
required to ensure there is an
adequate water supply for
irrigation

The costs of mitigation to ensure
water may be under-estimated if
other mitigation measures are
more expensive, or if some of the
impacts cannot be offset through
storage
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3 The study findings and their context

3.1 Estimated total losses in terms of GVA and jobs

Under the reduction in licences scenario, a reduction in abstractions is projected to result in losses to
agriculture in Norfolk and Suffolk and its supply chain of £1,200 million (licensed volumes; 6%
reduction) to £2,300 million (actual abstractions; 30% reduction). These are Present Value losses in
Gross Value Added (GVA), i.e. value to the UK economy, over 20 years. These losses account just for
reductions in yield and do not reflect loss of quality, which is also very important for profitability and
farm resilience. In addition, losses resulting from reductions in abstraction licences for food
manufacturing are also not captured, other than as knock-on effects from reductions in supply of crops
that input to their manufacturing process.

These losses would result in estimated reductions of 1,400 FTE jobs based on licensed volumes (6%
reduction), increasing to losses of 2,500 FTE job based on reductions in actual abstractions (30%
reduction). These are maximum job losses in any one year; jobs cannot be added as it is likely to be
the same job that is lost with that job continuing to be lost for all years after.

The breakdown of losses in GVA (over 20 years) and FTE jobs (loss in any one year) along the supply
chain is shown in Figure 3-1.

£360 million to £450 million to £86 million to £340 million to
£670 million £830 million £160 million £620 million

Input
providers,
support
services

Processing, Retailing,
Farmers transport, food
traders service

420to 760 480 to 880 100 to 180 390to 710
FTE jobs FTE jobs FTE jobs FTE jobs

Figure 3-1: GVA losses along the agricultural supply chain (minimum values relate to 6% reductions in
licensed volumes; maximum values relate to 30% reductions in actual abstractions); all values are Present
Value (discounted) over 20 years; job losses are shown as per year values since it is likely that it would be
the same job that would be lost over a number of years, rather than new jobs each year

The value of water for food production to the local and national economy
RPA | 14



3.2 Estimated losses by crop

The GVA losses have been calculated based on losses to three main crops: potatoes, field vegetables,
and soft fruit. It is assumed that any losses of water would be associated with those crops. Since
potatoes have the greatest irrigation need, and also the largest area grown, most of the water is
assumed to be lost from potatoes. Table 3-1 shows GVA losses to agriculture (in Present Value over
20 years), per crop and the GVA losses along the agricultural supply chain per crop for the low (6%)
and very high (30%) reductions by county for the agricultural supply chain.

Table 3-1: Estimated losses to GVA from reduction in licensed volumes and actual abstractions for low
(6%) and very high (30%) reduction in licences/abstraction by crop (in PV over 20 years)
Agricultural supply chain (upstream

. Agriculture and downstream)
Reduction
. Actual . Actual
Licensed volumes . Licensed volumes .
abstractions abstractions
Low (6%): Potatoes £440,000,000 £760,000,000 £770,000,000 £1,400,000,000
0, . H
Low (6%): Field £15,000,000 £18,000,000 £27,000,000 £32,000,000
vegetables
Low (6%): Soft fruit £0 £10,000,000 £0 £18,000,000
H 0, .
Very high (30%): £550,000,000 £790,000,000 £970,000,000 £1,400,000,000
Potatoes
) ———
Very high (30%): Field £16,000,000 £18,000,000 £29,000,000 £32,000,000
vegetables
H 0, .
Xizz high (30%): Soft £0 £13,000,000 £0 £23,000,000

3.3 Putting the losses under the reduction in licences scenario into
context

Losses of £1,200 million to £2,300 million over 20 years reflects a large impact for Norfolk and Suffolk.
The losses due to reductions in water available for irrigation are equivalent to a 16% to 29% reduction
per year in GVA for the East of England. At the UK scale, the losses still represent 2.6% to 4.7% per
year of the total UK GVA for potatoes, fresh vegetables and fruit in 2024. The data sources and
calculations used to estimate these effects are set out on Annex 2.

Even at this scale, these losses could be minimum impacts not least because they only include impacts
on yield and do not capture the effects of a reduction in quality that may mean contract conditions
(e.g. with supermarkets) cannot be met. They also do not take account of the likely reduction in
investment that would accompany a scenario where there would be increased uncertainty that water
would be available when required. This combination of effects could undermine business viability.

Furthermore, UKIA (2020) highlights that almost three quarters of the volume of water licensed for
spray irrigation is located in catchments experiencing severe levels of water stress. This highlights the
risk that future water supplies for irrigation will not be reliably available and licence reductions to
meet environmental needs are more likely to occur. As such, the proposed reductions in licensed
volumes and actual abstractions of 6%, 16%, 23% and 30% may be under-estimated.
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3.4 Comparison of the reduction in licences and with reservoirs
scenarios

The with reservoirs scenario considers how agriculture could avoid losses under the reduction in
licences scenario through procuring and storing enough water to replace that lost due to licence
reductions by building and filling a suite of reservoirs. These costs are estimated at £50 million to
£57 million based on 6% reduction in water up to £110 million to £130 million based on 30%
reduction in water (with the range depending on whether clay liners or HDPE liners are required).

The estimated reservoir costs are based on around 165 to 180 reservoirs being built across Norfolk
and Suffolk to replace water lost under a 6% reduction, increasing to 370 to 410 reservoirs being built
to replace water lost under a 30% reduction. This is unlikely to happen quickly given planning
requirements, resource availability (to cover capital costs for farmers, access to capital to fund
reservoir construction, and also capacity within the reservoir construction supply chain), and in
addition changes would need to be made to abstraction licences to allow them to be used to fill the
reservoirs in winter or at times of high flow. Thus, although the economics demonstrates a viable
alternative pathway that could help secure water for irrigation, there would need to be recognition of
the need for this pathway to be facilitated.

It is important to note that these costs assume that there is sufficient water available to fill these
reservoirs, through licence revisions. Environment Agency (2021) mentions the potential that “some
water” could be taken from rivers during winter months or other times of high-flow and that this
would require abstractors to consider reservoirs to store water until it is needed later in the year. If
this is not sufficient, then other adaptation measures may be required to minimise the losses seen
under the reduction in licences scenario.

Without certainty that water would be available, then the risk of investing may be seen as too great.
The knock-on supply chain impacts and wider effects on the UK economy without such adaptation
measures suggests that there may be a case for some level of subsidy or grant assistance to help
farmers to continue to deliver benefits through direct and indirect GVA and employment. Funds such
as the Capital Grants 2025 scheme, as part of the Countryside Stewardship Scheme could be used to
help fund reservoirs. The Secretary of State announced that a new round of funding for the Water
Management Grant is likely, but there is no specific reopening date. This followed the scheme being
hugely oversubscribed in 2024 (and temporarily paused as a result). This shows that there is appetite
from farmers to invest in reservoirs with assistance through grants to help deliver changes to the way
water used for irrigation is obtained, and supplies are secured (Defra, 2025e).

There may also be opportunities to reduce costs by using alternative adaptation approaches,
depending on farm type, crop type, etc. but it is beyond the scope of this study to explore all these
different adaptation options, including smart farming.
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Case study 3: Impacts of licence losses on use of Grade 1 land

WIJ Bracey Ltd farm near Stalham in the Norfolk Broads. Their land is located in an area with Grade 1 fine
sandy loam soils and is capable of supporting a wide range of high-yielding crops, with few restrictions
from climate or topography. Taking advantage of these conditions, a part of the farm was used for organic
salad production. To produce to the standards expected by consumers, the crop was irrigated using high-
quality groundwater.

The boreholes used for abstraction were near wetland sites of special scientific interest (SSSI). Following a
review, the Environment Agency determined that it could not be proven that the boreholes were not a
threat to the SSSIs. The abstraction licences were revoked on this precautionary basis.

In response, WJ Bracey has had to completely restructure its business, making staff redundant and selling
equipment. The farm now produces low value combinable crops and profitability has reduced by 25%.

Overall, the experience of WJ Bracey highlights the difficulties faced by growers and farmers as they
attempt to adapt to changes in abstraction licences.
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4 Links to wider policy

4.1 Overview

This section considers the effect of reduced output from agriculture on other policies, including food
security and the need to import replacement products no longer grown in Norfolk and Suffolk with
those from overseas.

4.2 Food security

The UK Food Security Report (Defra, 2024c) reports that food security from a UK perspective means
having ‘a diversity of supply sources avoiding single points of failure, and a high degree of sustainability
within those sources’. The need to maintain ‘a balance of strong and consistent domestic production
of food and strong trading relations’ is considered key to support food security, with accessibility,
affordability, and stability of food supplies being important factors. The UK is already highly
dependent on imports to meet levels of demand for fruit and vegetables (Defra, 2024a). Norfolk and
Suffolk are acknowledged as important areas for agriculture (FoodNavigator Europe, 2023).
Furthermore, considering East Anglia overall, the region is responsible for producing over one third of
England’s potatoes (NFU, 2016). Given the specific conditions available, in East Suffolk in particular,
any loss of crops would have to be replaced by imports from elsewhere since the same growing
conditions do not exist elsewhere in the UK.

Food security also requires stability. Without stability, there is reduced physical availability and
accessibility to food. Stresses such as climate change, which could see a reduction in rainfall in the
summer meaning irrigation need may increase, can cause immediate disruption during drought events
but also strain food supply chains over time, making the whole system less resilient to short-term
shocks (based on Defra, 2024c). The UK Food Security Report highlights that water for agriculture is
at risk from extreme weather events, but also identifies adaptation through storage as a key
mitigation.

Impacts on supply will have an effect on prices. This is important for affordability. The UK Food
Security Report (Defra, 2024c) identifies that there has been a ‘notable decrease in food secure
households’ with consumer price inflation between 2021 and 2023 outstripping wage growth. Food
inflation reached a 45 year high in 2023 (although this is largely due to external effects such as Covid,
EU-exit and Russia’s invasion of Ukraine). This has disproportionate effects on low-income and
disabled groups. The need to import produce from abroad to replace that which cannot be grown in
Norfolk and Suffolk under the reduction in licences scenario could add further pressure to prices and
lead to increased food inflation.

4.3 Imports and environmental stress on source countries

Restrictions on access to water, whether this is through revocation of licences as considered under
the reduction in licences scenario or lack of affordability of options considered under the with
reservoirs scenario, have the potential to limit yields or result in producers changing what they sow
or plant. Shortfalls in domestic production can be made up by importing goods produced elsewhere.
For example, the UK imports potatoes from various different countries:

e For the import of frozen potatoes to the UK in 2023, the top countries were: Ireland,
Netherlands, Belgium, Spain and Egypt (World Integrated Trade Solution, 2023a); and
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e For the import of fresh or chilled potatoes to the UK in 2023, the top countries were Ireland,
Israel, Cyprus, Egypt and Germany (World Integrated Trade Solution, 2023b).

However, some of these other countries may also be experiencing water stress. Analysis undertaken
by the World Resources Institute has determined that one quarter of the world’s crops are produced
in areas with stressed and/or unreliable water supplies (World Resources Institute, 2024). These crops
include potatoes, other vegetables and temperate fruit, some of which are grown in areas where
water stress and/or interannual variability has been judged to be extremely high (World Resources
Institute, 2024). Importing products from such areas would still be contributing to environmental
stress elsewhere in the world and raises a moral argument over whether it is ‘right’ to export
environmental damage to avoid impacts in the UK. Indeed, the UK Food Security Report acknowledges
that the UK relies on food imports from countries with higher water stress (e.g. Spain), and that
agriculture’s contribution to global water stress has been rising over the past two decades (Defra,
2024c). Importing products to make up for decreased domestic production is therefore not
necessarily an environmentally sustainable option. For example, Defra (2024c) highlights that water
stress levels in Spain and Morocco are around 40% to 50%, compared with 14% in the UK.

4.4 Rural employment and rural economies

Agriculture, forestry and fishing is a far more important economic sector in rural areas than in urban
ones. In 2022, the sector made up 3% (equating to £8.6 billion) of GVA in predominantly rural areas
of England compared with less than 1% in other areas (House of Lords, 2024). Within England in
2022/23, there were 80,125 registered SMEs in agricultural, forestry and fishing in rural areas,
employing 267,290 individuals (ONS, 2025). In urban areas, the equivalent figures were far lower at
11,865 SMEs with 43,260 employed (ONS, 2025). However, overall rural areas generally have lower
productivity than urban ones, with figures for 2022 indicating that productivity in predominantly rural
areas of England was approximately 86% of that for the country overall (House of Lords, 2024).

Given the distribution of activity within the agriculture, forestry and fishing sector, changes in water
availability through changes to abstraction licensing could have a proportionally higher impact on rural
areas (and hence rural GVA) than urban ones. Existing productivity gaps could also be enhanced if the
need to adapt to lower water availability requires solutions that add costs and/or result in changes so
that lower value crops are grown.

4.5 Environmental improvements

The National Framework (Environment Agency, 2025) defines the Environmental Destination as being
“the total water needs to meet current and future environmental requirements for nature”. This
identifies where and by how much abstraction needs to change to achieve and maintain a healthy
water environment. It is expected that agriculture will need to move toward more environmentally
sustainable abstraction to help deliver this destination.

In many catchments across England abstraction needs to decrease, potentially by more than 80%, for
a healthy water environment to be obtained. In managing this process, the Environment Agency notes
that they intend to prioritise the catchments with the greatest pressures on resources (Environment
Agency, 2025). It is important to note that the revocation and/or adjustment of licences in under
pressure catchments is not an issue for the future, but something that has already begun
(Environment Agency, 2022b).

Agriculture can play its part to some degree in helping to achieve the Environmental Destination,
indeed the generation of Water Abstractor Groups, on-going investment in reservoirs to replace water
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and smart farming to maximise conversion of water into product is showing how reductions in water
use can be made to help deliver environmental benefits. There is a need to recognise however that
farmers need time to adapt to help ensure that the scale of losses modelled under the reduction in
licences scenario can be reduced through investment to replace water to ensure it is used in the most

effective and efficient manner.
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5 The case for agriculture to have access to water

5.1 Why water is so important to agriculture

This section sets out the case for agriculture to have access to water for irrigation, drawing on the
economic assessment of the losses if water for abstraction is reduced, the potential for the agricultural
sector to work together with the Environment Agency and wider Government departments to deliver
an approach that could secure environmental improvements without impacting on food security,
exporting environmental impacts to other (often even more water-stressed) countries, and helping to
maintain and underpin growth in rural areas. Of key importance to this is the recognition that water
is an integral part of agricultural products and it is not possible to maintain a level of productivity
without adequate access to water for crops:

1.

Water forms part of a product: here water use is directly linked to productivity. A reduction
in water would reduce the mass and quality of a product that can be produced. Reducing
access to water to this use would mean a direct reduction in output. Some efficiencies can be
made to ensure that as much water is converted to product as possible, but the amount of
water being used cannot be reduced significantly. Any reduction in access to water would
mean alternative sources would have to be found. Key industry sectors where water forms
part of a product are agriculture, and food manufacturing. The environment also requires
water in this way as a lack of water has a direct effect on environmental quality.

Water is an important part of a process: here water is used in the process of production but
does not itself form an integral part of the product. A reduction in water could affect the
extent to which processes can be undertaken effectively, e.g. to meet required standards.
Efficiencies can be made in the amount of water that is required but water will still be needed.
Key industry sectors where water is an important part of a process include manufacturing that
uses water for cleaning or public water supply where activities such as washing clothes,
showering, etc. can be made more efficient but some water will always be needed.

Water is neither part of the product nor the process: here water is used as a convenient (and
usually low cost) approach to achieving an outcome, such as cooling. A reduction in water
could be achieved using dry approaches or closed circuits where, once established, further
water is not required. This is likely to require investment in water-free technologies. Key
industry sectors where water use could be minimised or eliminated include data centres,
where dry cooling is a growing mitigation to water scarcity. Energy may also fit here, although
some power stations are likely to continue to require water for cooling.

5.2 The reduction in licences scenario — a vicious circle

Estimated impacts on agriculture of £450 million to £830 million (present value over 20 years in
2024 prices), resulting in a reduction of 480 to 800 FTE jobs (maximum in any one year). The low
end of the range is for a 6% reduction in water available for spray irrigation and the high end is for
a 30% reduction in water availability.

Total impacts along the whole supply chain (including agriculture) of £1,200 million to £2,300
million (present value over 20 years), and a reduction of 1,400 to 2,500 FTE jobs (maximum in any
one year).
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The implications of the reduction in licences scenario, related to a loss of water for irrigation without
allowing farmers time to respond, are summarised in Figure 5-1. The figure shows a vicious circle,
where a reduction in irrigation water results in reduced yields and quality of key crops. The loss of
water, and importantly knowing water will be available when it is needed to avoid impacts on crops,
means there is greater uncertainty for farmers about whether they can grow those key crops, which
in turn means they reduce investment in equipment that will help to ensure ongoing or increased
efficiency. This reduction in investment, combined with the reduced outputs from crops (whether
due to reduced yields of irrigated crops or changes to crops grown that are of lower value) is likely to
lead to an overall loss of output and therefore a loss of jobs. This could affect business viability. Any
reduction in crops grown or failure to produce crops that meet quality standards (e.g. of
supermarkets), especially those crops that require a lot of irrigation water, would need to be replaced
by imports, with the risk that this could export environmental risk (see also Section 5.4). These
combined effects are likely to impact on business viability.
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Figure 5-1: The impact of reducing water without allowing time for farmers to respond
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5.3 An alternative pathway under the with reservoirs scenario — a
virtuous circle

Costs to avoid those losses based on building reservoirs and assuming licences can be revised to
ensure sufficient water is available at times of high flow to fill the reservoirs of £50 million to £57
million (6% reduction) up to £110 million to £130 million (30% reduction). These are all present
value costs over 20 years in 2024 prices, including planning, construction, and annual operating
costs; the range within each scenario reflects whether the reservoirs are clay or HDPE-lined.

The with reservoirs scenario allows time for farmers to respond, with the assumption used here that
this is through investment in reservoirs to maintain security of water supply. Other options may also
be possible to reduce demand for water, but all require time and finances for investment. This
investment needs to come with increased certainty that water will be available, which for reservoirs
is likely to require changes in licence conditions to allow for abstraction for storage in the winter or at
times of high flow. Where this certainty can be provided, there is then the opportunity for farmers to
maintain yields, avoiding any loss of output. Furthermore, the certainty will help encourage further
investment that can increase efficiencies and support the agricultural supply chain. Growth of the
agricultural sector with this increased certainty in Norfolk and Suffolk will help secure economic
output and jobs. It also avoids the need for imports of crops with benefits for food security, but also
in avoiding exporting the impacts of environmental stress to other countries (see also Section 5.4).
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Avoids need to
import crops

from more . ; Ongoing
environmentally Time to build certainty

stressed reservoirs for
countries storage
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demand
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securing
economic
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Figure 5-2: The impact of reducing water when allowing time for farmers to respond
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Case study 4: Smart farming for sustainable abstraction

Cedar Farm covers 850Ha of Grade 1 agricultural land in the Norfolk Broads. The farm produces potatoes,
sugar beet, wheat and barley. The potatoes are grown for food processors in north-east Norfolk and used
to make crisps, waffles and frozen potato products such as chips and wedges.

To meet the yield and quality requirements of their customers, Cedar Farm irrigate their potatoes using
groundwater. As well as being applied directly to the crop, a proportion of this water is pumped into a
reservoir, which is then used to supplement the quantities available from the local groundwater system or
buffer high demand experienced during prolonged periods of dry weather.

The Cedar farm irrigation system is complex and to minimise abstraction related risk to a nearby wetland, a
“smart” water management system has been installed. This is based on data collected from the reservoir;
the pumphouse control system; a weather station; soil moisture and crop evaporation monitors; monitors
on the rain guns; and groundwater level measurements from a network of observation boreholes, including
some in the wetland. The system underpins an abstraction management plan and once fully developed,
this will allow targets for sustainable abstraction in the vicinity of the farm to be met while maximising the
amount of groundwater that can be abstracted and used. The system cost £75k to install and plans are in
place to use Al and other sophisticated data management techniques to further exploit the value of the
data it generates.
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5.4 The wider policy benefits of ensuring water for agriculture

Sections 5.2 and 5.3 identify the differences between the two scenarios, showing how important
security of water supply is to maintain viable farming businesses within Norfolk and Suffolk. Beyond
that, there are also wider policy benefits associated with the with reservoirs scenario that are not
realised under the reduction in licences scenario. These include helping to ensure ongoing growth of
the UK economy, maintaining rural employment and supporting rural communities, ensuring and
improving food security, while enabling environmental improvements to be met (although some
assistance may be needed from the public sector to help realise these wider policy benefits where
farmers need to invest heavily in new equipment or reservoirs). The differences between the
scenarios in terms of policy benefits are summarised in Figure 5.3.
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Reduction in licences — not allowing With reservoirs — allowing time for
time for farmers to respond farmers to resnond
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Rural employment and communities

Loss of jobs in farming and supply chain Secures jobs and investment, potential for new jobs

A 4

Food security
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Suffolk would have to be replaced by imports enable increased growth in Norfolk and Suffolk

Environmentalimprovements

Environmental destination met but may take a bit longer to give
farmers time to invest

Environmental destination met

Figure 5-3: The wider policy implications of the two scenarios

5.5 The overall case for water for agriculture

The projected losses from the reduction in licences scenario are significant with knock-on effects on
rural growth, food security, accessibility and affordability. Environmental benefits can be secured by
changing the way agriculture accesses water, using storage to replace reductions in summer
abstractions providing this is supported through planning, changes to licences to permit abstraction
during periods of high flows, and to avoid inertia where capital costs of investment are high.
Environmental benefits can also be secured by encouraging smart farming that ensures more water is
converted into the final product. However, without access to enough water there will be a direct
effect on yield and quality of crops. This is because water is an intrinsic part of food products and
there is a limit to how far water can be reduced before there are knock-on effects on productivity.
Some other sectors have more flexibility in that they can use new technologies to reduce water use
without it affecting productivity to the same extent. Therefore, it is critical that when water is being
allocated, consideration is given to the potential to which an industry can reduce its water use. Such
considerations would confirm that those sectors where water forms an important part of the final
product itself should be prioritised since they have the least scope to build resilience to future water
scarce situations.
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Annex 1 Method used to model economic losses

Al.1 Overview

The method applied has been developed using readily available data from ONS and published
literature, supplemented by specific information facilitated through East Suffolk Water Abstractors
Group and the Norfolk Environment Food and Farming.

Data have been provided by CUPGRA to enable a relationship to be established between irrigation
and yield and the Environment Agency on abstraction licences in Norfolk and Suffolk for spray
irrigation and vegetable washing to help support the analysis.

The method itself comprises 19 steps, which include identifying how much water is needed for
irrigation, how much water is available for irrigation, how reduction in irrigation may affect yields,
what a reduction in yields would mean for a reduction in agricultural output, and then how this
reduction would result in economic losses along the agricultural supply chain. The method has been
applied to potatoes, field vegetables and soft fruit. The approach and data used in each step is
described below.

Al.2 Step 1: Rainfall data

Annual rainfall data for East Anglia from 1836 to 2024 were obtained from:
https://www.metoffice.gov.uk/research/climate/maps-and-data/uk-and-regional-series

The dataset was extracted from
https://www.metoffice.gov.uk/pub/data/weather/uk/climate/datasets/Rainfall/ranked/East Anglia.
txt

Rainfall data were then summed over the irrigation season for each crop:

e Potatoes:
o Early potatoes: spring, i.e. March to May
o Maincrop potatoes: April to October
e Field vegetables: varies by crop (based on Defra, 2012a):
o Cabbage: varies according to variety from April to September
Carrots: June to September
Cauliflower: varies according to variety from April to September
Celery: June to August
Courgettes, leeks: May to August
Lettuce: April to August
Onions: varies according to variety from April to August
o Radish: April to August
e  Soft fruit: varies by crop (based on Defra, 2012b):
o Raspberries: May to August
o Blackberries: July and August
o Strawberries: petal fall to end of fruiting (or late September), typically April to
September.

O O O O O O

Total for the years 2005 to 2024 were used to give the previous 20 years rainfall. Data for 2025 were
not used as these were not for a complete year.
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Al.3 Step 2: Percentile for rainfall data

Each year of data (1836 to 2024) was allocated a percentile in terms of the amount of rainfall that fell
over the growing period. The percentiles for the previous 20 years where then checked to see how
representative the 2025 to 2024 period was, with the results shown in Figure A1-1. If the 20 year
period was representative of the full dataset, it would be expected that each percentile would appear
twice. However, as seen in Figure Al-1, there is a slightly higher representation of wetter years (with
the 10%ile being the driest and the 90%ile being the wettest).

No. in each percentile
3.5
3
2.5
2
1.5
1
0
10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure Al1-1: percentiles of the 2025 to 2024 period (if this was representative of the full dataset it would
be expected that all percentiles would be equal)

Al.4 Step 3: UKCIP data on projected change in rainfall data with
climate change

UKCIP data for the Anglian River Basin District (RBD) and the East of England were collected from the
UKCP user interface: https://ukclimateprojections-ui.metoffice.gov.uk/products.

These data give probabilistic projections for changes in rainfall for the 5, 10, 50, 90 and 95%iles for
2020-2039 and 2040-2049 for East of England and Anglian RBD based on five different emission
scenarios. The version used was 2022.

Al.5 Step 4: Projected changes in rainfall when UKCP data are taken
into account

The UKCP data were used to project forwards how the next 20 years rainfall might vary when climate
change is taken into account. The future projected rainfall is linked to the percentile of the year (2005
to 2024) and the projected change in rainfall for that percentile from the UKCP data using the Excel
forecast.linear function. This highlights whether the rainfall with UKCP projections included would get
wetter or drier and by how much.
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Al.6 Step 5: Rainfall over irrigation period of crops

Once the change in rainfall with climate change has been assessed, the next step is to calculate how
much rainfall is projected to occur over the irrigation period of each crop type, by summing rainfall
over the relevant months.

Al.7 Step 6: Take moving average over five years

To smooth out the calculations and simplify the economic modelling, a moving average is taken over
five years to present data in five year slices.

Al1.8 Step 7: Irrigation need

Irrigation need is based on work by Atkins & Cranfield University which identifies the design dry year
demand for various crops, where a dry year is taken as 1 in 5 (i.e. 20%). Total water need through
irrigation is based on the design dry year calculations, as summarised in Table Al-1. Different
assumptions are made for Suffolk, which is assigned to agroclimatic zone 7, and Norfolk, which is
assigned to agroclimatic zone 6, for low Available Water Capacity (AWC) soils. The irrigation need is
based on figures used by the Environment Agency when assessing justification for need. ESWAG
suggests irrigation need for early potatoes in Norfolk and Suffolk may be nearer to 125mm?#. Therefore
using the Environment Agency guidelines could under-estimate the impacts.

Table A1-1: irrigation need per crop (mm/ha)

Irrigation need (mm/ha)

Crop type Source
EE Norfolk  Suffolk
Early potatoes 70 75
Maincrop potatoes 260 280 Table 1.8 in Atkins & Cranfield
Field vegetables (based on carrots) 215 230 University (2002)
Soft fruit (based on strawberries) 105 115

A1.9 Step 8: Calculate additional water need

Total additional water need is based on the total need using the irrigation need (from Table A1-1) plus
rainfall on a 1 in 5 (20%) year (based on rainfall data for 1836-2024 from steps 1 and 2). Rainfall is
subtracted each year from the total amount of water needed per crop to give the estimated irrigation
need, in mm/year.

The irrigation need is converted to additional water needed by dividing by 1000 (to convert to m) and
multiplying by 10,000 (to convert to m3/year).

Al1l.10 Step 9: Calculate water available from abstraction

The total licensed volumes and actual abstractions for spray irrigation in Norfolk and Suffolk are used
to assess how much water is available per county using data provided by the Environment Agency
(Table A1-2). This gives total licensed volumes (and actual abstractions, where measured) for spray
irrigation direct plus storage. Actual abstractions reflect 2024, which was a wetter than normal year

4 Pers. comm. EWAG, via email 20 August 2025.
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(70%ile from steps 1 and 2), thus it could be expected that any calculations based around loss of actual
abstractions could over-estimate impacts (since actual abstractions in a wetter year will likely have
been lower so assessing a reduction from a lower starting amount of abstraction would suggest there
is less water available for irrigation). Licensed volumes reflect the total amount that could
(theoretically) be abstracted although many licences will have Hands off Flow conditions which means
actual abstractions would typically be much lower.

Table A1-2: Total irrigation water available

Volume (mm/ha)
Water use ‘ Source

Norfolk Suffolk

Spray irrigation direct and storage 82,624,000 72,512,000

(licensed)

Vegetable washing (licensed) 1,011,000 926,000 Environment Agency, via Fol
Actual abstractions reported for request

both spray irrigation and vegetable 19,648,000 21,334,000

washing (2024)

Data use licence available at: https://www.gov.uk/government/publications/environment-agency-
conditional-licence/environment-agency-conditional-licence
Contains Environment Agency information © Environment Agency and/or database right

An adjustment has been made to exclude storage water taken in the winter, since it is less likely that
these licences would be reduced. Using data for East Suffolk only (provided by East Suffolk Water
Abstractors Group), 72% of the volumes abstracted is for spray irrigation direct or storage taken over
the summer (March/April/May through to September/October).

Al.11 Step 10: Identify area irrigated by crop

The area of crops grown by county (Suffolk) and for Norwich and East Norfolk, North and West Norfolk,
and Breckland and South Norfolk (Norfolk) is taken from the agricultural census data for 2024. This is
summarised in Table A1-3. The information is taken from the statistical dataset Structure of the
agricultural industry in England and the UK at June, available from Defra at:
https://assets.publishing.service.gov.uk/media/67f76d8d563cc9c84bacc43c/structure-england-june-
county-apr25.ods

Table A1-3: Total irrigation water available

Hectares (2024)
Crop Source
Norfolk ~ Suffolk
Potatoes 11,032 6,099
All other veg and salad 3,625 4,443 Defra (2025a)
Small fruit 655 157

The Defra data provide totals for potatoes. These are broken down into the area under early and seed
potatoes (20%; 8% early and 12% seed) and that under maincrop potatoes (80%)°. The breakdown of
‘all other veg and salad’ and ‘fruit’ is based on horticulture statistics for 2024 (GOV.UK, 2025). These
cover the whole of the UK with peas (green for processing) being the crop with the largest area (32,518
ha, 34% of all field vegetables), carrots (10,056 ha, 10%), followed by cauliflower (7,786 ha, 8%) and

5 Based on Nix (2025). This gives 12% for seed potatoes, but these are included with early potatoes for this

assessment.

The value of water for food production to the local and national economy
RPA | 32


https://www.gov.uk/government/publications/environment-agency-conditional-licence/environment-agency-conditional-licence
https://www.gov.uk/government/publications/environment-agency-conditional-licence/environment-agency-conditional-licence
https://assets.publishing.service.gov.uk/media/67f76d8d563cc9c84bacc43c/structure-england-june-county-apr25.ods
https://assets.publishing.service.gov.uk/media/67f76d8d563cc9c84bacc43c/structure-england-june-county-apr25.ods

onions, dry bulb (7,198 ha, 7%). Soft fruit planted area is also taken from the horticulture statistics
with strawberries having the largest planted area in 2024 (4,527 ha or 42% of the soft fruit total),
followed by blackcurrants (3,071ha, 28%), other soft fruit (1,438ha, 13%) and raspberries (1,325 ha,
12%).

The area irrigated by crop is based on Knox et al (2017), as summarised in Table A1-4. This means that
all the available water for spray irrigation has been allocated to these three crops by area irrigated in
Norfolk and Suffolk. This may over-estimate the total water available to potatoes, field vegetables
and soft fruit as some water may also be being used to irrigate other crops, e.g. wheat.

Table A1-4: Proportion of each crop irrigated

Crop Proportion of crop irrigated

Early potatoes 35%

Maincrop potatoes 59%

Vegetables 24%

Small fruit 10% (note other papers suggest the Knox et al (2017)

irrigation rate is much higher, so
90% has been used in the
calculations)

Al.12 Step 11: Calculate water required by crop to allocate
need across all crops

This step involves identifying how much water is required by crop, based on area grown and irrigated.

This is then used to allocate water across potatoes, field vegetables and soft fruit. Since the amount

of water required is weighted by area grown, irrigation need, and percent of crop irrigated, there is a
bias towards potatoes, with most water allocated to this crop, as shown in Table A1-5.

Table A1-5: Allocation of water by crop

Proportion of water allocated
Crop Source
Norfolk Suffolk

Early potatoes 85% 77% Based on area of crop grown
Maincrop potatoes (ha), irrigation need (mm/ha),
Vegetables 11% 22% and percentage of crops
Small fruit 4% 1% irrigated

Al1.13 Step 12: Calculate water available compared with water

needed

Four reductions are applied to estimate water available, based on a percentage loss of licensed
volumes and actual abstractions. These reductions are:

e Low: 6% reduction

e Mid: 16% reduction

e High: 23% reduction

e Very high: 30% reduction
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Al.14 Step 13: Calculate the percentage of water available
compared with the volume that is available

This step simply divides the volume that is available by the volume that is needed to convert this to
the percentage of irrigation that is possible.

Al.15 Step 14: Calculate yield reduction based on % of water
that is available compared with need

To estimate the change in yield in potatoes due to a reduction in irrigation, data have been provided
by CUPGRA that shows irrigation status by variety and tuber fresh weight yield, along with other data
such as nitrogen rate applied, rainfall over the growing period, and irrigation applied. This dataset has
been used to identify the relationship between irrigation and yield, through regression analysis. The
results vary by variety and by whether the irrigation status is wet or dry. The regression with the
highest R? has been used (this is for the variety estimate and irrigation status wet, which has a R? of
0.25179).

For field vegetables and soft fruit, reductions in yield were estimated using information from
published sources. Desk-based research was undertaken to identify the most reliable sources,
although the amount of information at the required level of detail was limited. The estimated
reduction in yields are still based on regression analysis, but rely on the published sources for the
equations that are applied. A key uncertainty is that the countries for which the equations are
available are non-UK. For field vegetables, a meta-analysis was used which covered 26 countries
although only four had temperate climates. For soft fruit, the study used is from Turkey, which is a
very different climatic context. This may mean that the yield impacts could be over-estimated if the
experiments underpinning the research were carried out in conditions where water stress and
irrigation need is even higher than in the UK.

Al.16 Step 15: Calculate lost yield using Nix for average yield
data

Nix (2025) is used to give average (low and high) yield estimates by crop type (Table A1-6). Nix
provides gross margin for both early and maincrop potatoes. For soft fruit, Nix provides data for
strawberries and raspberries. Data are more limited for vegetables with gross margins only available
for field peas and field beans, which may under-estimate the gross margin for field vegetables.

6 This suggests that a change in irrigation can only explain a 25% difference in yield so is not a very good fit,

however, it was the best fit from the data available.
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Table A1-6: Yields per crop type (based on Nix, 2025)

Crop Yield (tonnes/ha) Source
Low ‘ Average ‘
Early potatoes 22.1 26 29.9
Maincrop potatoes 40.8 48 55.2
\k:zgszz;\bles: field beans (spring 33 39 4s
Vegetables: field peas 3.4 4.0 4.6 Nix (2025)
Small fruit: strawberries (raised 18 i 23
bed)
Small fruit: raspberries 8 - 15
Al.17 Step 16: Calculate change in value of crop based on

change inyield

Nix (2025) is again used to give the gross margin (£) per tonne by type of crop (Table A1-7). This is
multiplied by the reduction in yield per ha, and then aggregated across all of Suffolk and Norfolk, to
give the total loss of crop value due to reduction in irrigation. Gross margin is used (rather than
output) to avoid double counting of losses along the supply chain and is assumed to represent final
demand. Note that use of values for field beans and field peas may under-estimate values compared
with other vegetables (for which Nix data were not available).

Table A1-7: Price per crop type per tonne (based on Nix, 2025)

Crop ‘ Gross margin (£/tonne)

Early potatoes £190

Maincrop potatoes £144

Vegetables: field beans (spring beans) £150

- Nix (2025)

Vegetables: field peas £200

Small fruit: strawberries (raised bed) -£263 to £500

Small fruit: raspberries -£222 to £1,715

Al1.18 Step 17: Estimate supply chain impacts

This loss of yield is then propagated across the supply chain using multipliers. A study by SRUC (2024)
provides both backward multipliers, which reflect the extent to which supply chain impacts are felt
upstream (i.e. to suppliers to the agriculture sector); and forward multipliers, which reflect the impacts
on downstream processors, logistics, wholesale, retail, and hospitality sectors. The multipliers from
SRUC (2024) are output multipliers. To reduce the risk of double counting of costs incurred by the
agriculture sector, which would be sourced from suppliers, the output multipliers are converted to
GVA effect. This is done by multiplying the output multipliers by the GVA:output ratio. The GVA effect
is then applied to final demand, which is taken as gross margin. Impacts on GVA are given as Present
Value damages over 20 years, meaning future losses have been discounted in line with Treasury Green
Book guidance.
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Al1l.19 Step 18: Estimate jobs lost in the agriculture sector

To estimate the impacts of a reduction in agricultural output on jobs, it is necessary to estimate how
much output is required to support Full-Time Equivalent (FTE) job. These statistics are not readily
available so a number of different sources have to be used. Number of employees is taken from the
statistical dataset Structure of the agricultural industry in England and the UK (as used in step 10).
This gives total number of employees by:

e Farmers, partners, directors and spouses full-time (assumed to be 100% FTE);
e Farmers, partners, directors and spouses part-time (assumed to be 50% FTE);
e Salaried managers (assumed to be 100% FTE);

e Regular workers full-time (assumed to be 100% FTE);

e Regular workers part-time (assumed to be 50% FTE); and

e Casual workers (assumed to be 33% FTE).

This gives an estimate of FTE working in agriculture across Norfolk of 8,946 and across Suffolk of 6,007.

The impacts of losses estimated in Step 17 are estimated by calculating the final demand needed to
support one FTE job. This is based on GVA for the East of England in 2021 from Defra (2024b). This
is compared with number of jobs in agriculture in 2024 from Defra (2025a) to ensure consistent
datasets are used. As a result, the output (assumed to be equivalent to final demand) for Norfolk and
Suffolk is the same at around £66,000 per FTE.

Estimates of job losses are always presented as the maximum in any one year. This is because a job,
once lost, is unlikely to be regenerated so the job losses continue over a number of years. However,
it is still the same job, so it cannot be added over the 20 year period as this would over-estimate actual
job losses.

Al1.20 Step 19: Estimate jobs lost along the supply chain

An employment multiplier from SRUC (2024) has been used to estimate the knock-on employment
effects along the supply chain. This multiplier is 1.35, with the indirect effects captured as a multiplier
of 0.35 for upstream effects (the 1 reflects the direct effects which have been calculated specifically
for losses to farmers due to reduction in crop yield). A downstream multiplier is not directly available
but has been assumed based on the ratio of the upstream to downstream ratios for the output
multipliers. This enabled indirect effects to be captured, and gives a multiplier of 0.348 (1.348 with
direct and indirect effects both included).
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Annex 2 Findings of the assessment

A2.1 Overview

This section sets out the losses under the reduction in licences scenario and the costs associated with
the with reservoirs scenario. A full set of findings is provided by crop, by county, and by both licensed
volumes and actual abstractions. All tables presenting losses in £ are in Present Value (discounted in
line with HM Treasury Green Book) over a 20 year period and in 2024 prices. This means it is assumed
that these losses are assumed to occur every year for 20 years. In reality, farmers may choose to move
away from growing crops that require a high degree of irrigation once they know how much less water
will be available to them. In such cases, the potential losses could be reduced.

A2.2 Losses under the reduction in licences scenario

A2.2.1 Direct impacts on agriculture
Impacts directly to agriculture

The assessment described in Section 2 has been applied and enabled an estimate of the losses to
agriculture and the wider supply chain to be estimated. The losses in terms of Gross Value Added
(GVA, based on gross margin losses), by crop and scenario are provided in Table A2-1 while total losses
in terms of GVA by county and scenario are presented in Table A2-2. GVA is the value to the UK
economy of an industry. All results are in Present Value (discounted) over 20 years and are presented
to two significant figures to reflect uncertainty.

Table A2-1: Estimated losses to GVA from reduction in licensed volumes and actual abstractions by
scenario, crop and county (present value losses over 20 years)

Actual abstractions
Lost GVA by crop  Lost GVA by crop

Licensed volumes

Reduction Lost GVA by crop  Lost GVA by crop

— Norfolk

— Suffolk

— Norfolk

— Suffolk

Low (6%): Potatoes £310,000,000 £120,000,000 £510,000,000 £260,000,000
0, . 1
Low (6%): Field £7,100,000 £8,100,000 £8,200,000 £9,800,000
vegetables
Low (6%): Soft fruit £0 £0 £9,300,000 £810,000
Mid (16%): Potatoes £340,000,000 £140,000,000 £510,000,000 £260,000,000
—
Mid (16%): Field £7,300,000 £8,400,000 £8,300,000 £9,900,000
vegetables
Mid (16%): Soft fruit £0 £0 £10,000,000 £1,200,000
High (23%): Potatoes £360,000,000 £160,000,000 £520,000,000 £270,000,000
: ——
High (23%): Field £7,400,000 £8,500,000 £8,300,000 £9,900,000
vegetables
High (23%): Soft fruit £0 £0 £11,000,000 £1,400,000
1 0, .
Very high (30%): £380,000,000 £170,000,000 £520,000,000 £270,000,000
Potatoes
: ——
Very high (30%): Field £7,500,000 £8,700,000 £8,300,000 £10,000,000
vegetables
1 0, .
]\frirlz high (30%): Soft £0 £0 £11,000,000 £1,700,000
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Table A2-2: Estimated total losses to output from reduction in licensed volumes and actual abstractions
by county (present value losses over 20 years)

Licensed volumes

Actual abstractions

Reduction Lost GVA — Lost GVA — Lost GVA — Lost GVA —
Norfolk Suffolk Norfolk Suffolk
Low (6%) £320,000,000 £130,000,000 £520,000,000 £270,000,000
Mid (16%) £350,000,000 £150,000,000 £530,000,000 £270,000,000
High (23%) £370,000,000 £160,000,000 £540,000,000 £280,000,000
Very high (30%) £390,000,000 £180,000,000 £540,000,000 £280,000,000

The tables show that direct losses to agriculture range from £320 million to £390 million for Norfolk
and £130 million to £180 million for Suffolk when based on reductions in licensed volumes. If actual
abstractions are reduced to the same extent, the losses are much higher ranging from £520 million to
£540 million in Norfolk and from £270 million to £280 million in Suffolk. These are losses over 20 years
(discounted in line with HM Treasury Green Book guidance) directly to agriculture only. What is
noticeable is that the difference between the low and very high reductions is not that large; this
suggests that even a small reduction in volumes of water available for irrigation could have significant
impacts on agriculture in Norfolk and Suffolk.

GVA represents the value to the UK economy of the agricultural losses. To reflect the loss to the
agricultural sector (farmers), it is necessary to consider total loss in terms of output. The proportion
of output that is GVA is calculated from Defra (2025c) as 45.6%. The results are presented in Table
A2-3. This shows the losses to agriculture alone accounting for impacts of £780 million to £980 million
based on licensed volumes for Norfolk and Suffolk combined, and £1,400 million based on actual
abstractions for Norfolk and Suffolk combined. These impacts only consider reductions in yield; any
reductions in quality of crops and hence the price achieved at market would be an additional impact
that is not captured in these figures. Additional losses associated with a reduction in quality will also
affect profitability and farm resilience.

Table A2-3: Estimated total losses to output from reduction in licensed volumes and actual abstractions
by county (present value losses over 20 years)

Licensed volumes

Actual abstractions

Reduction Lost output — Lost output — Lost output — Lost output —
Norfolk Suffolk Norfolk Suffolk
Low (6%) £560,000,000 £220,000,000 £910,000,000 £460,000,000
Mid (16%) £600,000,000 £260,000,000 £920,000,000 £480,000,000
High (23%) £640,000,000 £290,000,000 £930,000,000 £480,000,000
Very high (30%) £670,000,000 £310,000,000 £940,000,000 £490,000,000

Impacts on agricultural employment

The losses can be used to estimate how many jobs could be lost as a result of output. The results, in
terms of Full-Time Equivalents are presented in Table A2-4, with Table A2-5 showing the percentage
of jobs in agriculture that would be affected by reductions in water availability. The tables show a
range of FTE jobs losses from around 480 to 600 across Norfolk and Suffolk combined based on
licensed volumes, increasing to 840 to 880 FTE jobs if impacts are seen on actual abstractions.
Although this represents only around 2% to 5% (licensed volumes) and 5% to 6% (actual abstractions)
of total agricultural jobs that is still a very high number of jobs to be lost in each county. This may
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reflect the level of automation in the industry where a high level of output is produced by a smaller
number of employees.

Table A2-4: Estimated total losses in terms of FTE by county (maximum number of jobs lost in any one
year, presented to two significant figures)

Reduction Licensed volumes Actual abstractions
Lost FTE — Norfolk Lost FTE — Suffolk Lost FTE — Norfolk Lost FTE — Suffolk
Low (6%) 340 140 560 290
Mid (16%) 370 160 570 290
High (23%) 390 180 570 300
Very high
(30%) 410 190 580 300

Table A2-5: Estimated total losses in terms of FTE by county as % of jobs in agriculture by county
(maximum in any one year)

Licensed volumes Actual abstractions
Reduction

Lost FTE — Norfolk Lost FTE — Suffolk Lost FTE — Norfolk Lost FTE — Suffolk

Low (6%) 4% 2% 6% 5%

Mid (16%) 4% 3% 6% 5%

High (23%) 4% 3% 6% 5%

éeg;;"gh 5% 3% 6% 5%
(]

A2.2.2 Indirect impacts on the supply chain
Impacts on the agricultural supply chain

The GVA effect is used to estimate the impacts on both the upstream supply chain (who supply the
agriculture industry) and the downstream supply chain (who buy the crops, process, transport and sell
them). Figure A2-1 provides an indicative supply chain, based on potatoes.
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eAbstraction equipment suppliers R
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*R&D J
~
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eReduced costs
J
R
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lel=1s =1k *Transport (specialised hauliers)
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\
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\
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eFish and chip shop
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eHome delivery )
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eRural employment
e 94 *Embedded water
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Figure A2-1: Indicative supply chain (based on potatoes)

Table A2-6 shows the supply chain losses by crop and scenario, by county, with the totals across all
three affected crops presented in Table A2-7 by scenario and county. Table A2-6 shows that the losses
are dominated by impacts on potatoes. Table A2-7 shows that the total impacts on the agricultural
supply chain are estimated at £800 million to £1,000 million based on licensed volumes, increasing to
£1,400 million to £1,500 million if actual abstractions are affected. This demonstrates that a very high
reduction in volumes of water available for irrigation (here assumed to be 30%) would result in very
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large reductions in yields and further reductions would have limited additional impacts since yields
are already considerably affected

Table A2-6: Estimated losses to the supply chain as a knock-on effect of direct losses to agriculture
(present value losses over 20 years)

Licensed volumes

Actual abstractions

Reduction Lost GVA by crop — Lost GVA by crop — Lost GVA by crop — Lost GVA by crop —
Norfolk Suffolk Norfolk Suffolk

Low (6%): £560,000,000 £220,000,000 £900,000,000 £460,000,000

Potatoes

Low (6%):

Field £13,000,000 £14,000,000 £15,000,000 £17,000,000

vegetables

Low (6%): £0 £0 £16,000,000 £1,400,000

Soft fruit

Mid (16%): £600,000,000 £250,000,000 £910,000,000 £470,000,000

Potatoes

Mid (16%):

Field £13,000,000 £15,000,000 £15,000,000 £17,000,000

vegetables

Mid (16.%): £0 £0 £18,000,000 £2,100,000

Soft fruit

High (23%): £640,000,000 £280,000,000 £920,000,000 £470,000,000

Potatoes

High (23%):

Field £13,000,000 £15,000,000 £15,000,000 £18,000,000

vegetables

High (2?%): £0 £0 £19,000,000 £2,500,000

Soft fruit

Very high

(30%): £670,000,000 £300,000,000 £920,000,000 £480,000,000

Potatoes

Very high

(30%): Field £13,000,000 £15,000,000 £15,000,000 £18,000,000

vegetables

Very high

(30%): Soft £0 £0 £20,000,000 £3,000,000

fruit

Table A2-7: Estimated losses to the supply chain as a knock-on effect of direct losses to agriculture by
county (present value losses over 20 years)

Reduction

Licensed volumes

Lost GVA — Norfolk

Lost GVA — Suffolk

Actual abstractions

Lost GVA — Norfolk

Lost GVA — Suffolk

Low (6%) £570,000,000 £230,000,000 £930,000,000 £470,000,000
Mid (16%) £620,000,000 £270,000,000 £940,000,000 £490,000,000
g‘g; ) £650,000,000 £290,000,000 £950,000,000 £490,000,000
éeor; )h'gh £680,000,000 £320,000,000 £960,000,000 £500,000,000

The value of water for food production to the local and national economy

RPA | 41




Impacts on the employment through the agricultural supply chain

Job losses in the supply chain are presented in Table A2-8. This gives a total of 910 to 1,100 FTE jobs
following reductions to licensed volumes or 1,600 to 1,700 FTE jobs following reductions actual
abstractions. This includes impacts on both upstream and downstream jobs.

Table A2-8: Estimated total losses in terms of FTE by county along the supply chain

Licensed volumes Actual abstractions

Reduction
Lost FTE — Norfolk Lost FTE — Suffolk Lost FTE — Norfolk Lost FTE — Suffolk
Low (6%) 651 255 1,054 536
Mid (16%) 706 297 1,068 548
High (23%) 744 327 1,077 557
Very high (30%) 783 356 1,086 566

A2.2.3 Total impacts

The impacts directly on agriculture and on the supply chain need to be summed together to give the
total effects. These are summarised in Table A2-9 for GVA losses and Table A2-10 for job losses. The
overall GVA impacts are estimated at £1,200 million to £1,600 million based on reductions in licensed
volumes, increasing to £2,200 million to £2,300 million based on reductions in actual abstractions.
This captures the impacts of reduction in crop outputs on food processors, but does not capture any
additional impacts incurred where food processors also see a reduction in their abstraction licence.
ESWAG reports that some food producers are seeing reduction of 80% to 100% of their licences which
would have a significant additional impact’. Overall losses along the agricultural supply chain are
expected to be greater than this but are difficult to isolate due to the risk of double counting (what is
an output from one sector is an input to the next sector). Therefore, results are presented as GVA
only. This would result in losses of 1,400 to 1,700 FTE jobs based on licensed volumes, increasing to
FTE job losses of 2,400 to 2,500 based on reductions in actual abstractions.

Table A2-9: Estimated total FTE job losses to agriculture and its supply chain (maximum number of jobs
lost in any one year)

Licensed volumes Actual abstractions

Reduction
Agriculture = Supply chain Agriculture  Supply chain Total

Low (6%) £450,000,000 £800,000,000 £1,200,000,000 | £790,000,000 | £1,400,000,000 | £2,200,000,000
Mid (16%) | £500,000,000 £880,000,000 £1,400,000,000 | £810,000,000 | £1,400,000,000 | £2,200,000,000
High
( 25 %) £530,000,000 £940,000,000 £1,500,000,000 | £820,000,000 | £1,400,000,000 | £2,300,000,000

(o]
Very high
(30%) £570,000,000 | £1,000,000,000 | £1,600,000,000 | £830,000,000 | £1,500,000,000 | £2,300,000,000

7 Pers. comm. EWAG, via email 20 August 2025.
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Table A2-10: Estimated total FTE job losses to agriculture and its supply chain (maximum number of jobs
lost in any one year)

. Licensed volumes Actual abstractions
Reduction ———————
Agriculture  Supply chain Agriculture  Supply chain

Low (6%) 480 910 1,400 840 1,600 2,400

Mid (16%) 530 1,000 1,500 860 1,600 2,500

High (23%) 570 1,100 1,600 870 1,600 2,500

Very high

(30%) 600 1,100 1,700 880 1,700 2,500

A2.3 Putting the losses under the reduction in licences scenario into
context

GVA losses (in PV terms over 20 years) to agriculture and the agricultural supply chain of £1,200 million
to £1,600 million (licensed volumes), or £2,200 million to £2,300 million (actual abstractions), and of
950 to 1,200 FTE jobs (maximum in any one year, licensed volumes) or up to 1,700 FTE jobs (maximum
in any one year, actual abstractions) look to be very significant. These can be put into the context of
the overall value of agriculture and the agricultural supply chain to the UK economy.

Defra (2025c) shows agriculture’s total contribution to the UK economy (Gross Value Added) was
£14.5 billion, or 0.56% of the UK’s total GVA. Total fresh vegetable output in 2024 was £2,028 million,
while potato output was £1,461 million, and fruit (which will include top fruit as well as soft fruit) was
£1,084 million, giving a UK total of £4,573 million. These are total output so need to be converted to
GVA for comparison with the impacts estimated above. Using total output across crops and livestock
of £31.8 billion and GVA of £14.5 billion gives an estimate that GVA is 45.6% of outputs. The GVA per
crop can be estimated at £924 million for vegetables, £669 million for potatoes, and £496 million for
fruit, giving a total of £2,089 million. Lost GVA to agriculture in Norfolk and Suffolk is estimated at
£780 million to £980 million (based on reductions in licensed volumes) to £1,400 million (based on
reductions in actual abstractions). These are totals over 20 years in Present Value format (discounted
in line with HM Treasury Green Book), so for comparison purposes they need to be annualised?.
Annualised GVA losses are estimated at £55 million to £69 million per year (based on reductions in
licensed volumes) to £96 million to £100 million per year (based on reductions in actual abstractions).
This is equivalent to 2.6% to 4.7% of the total UK GVA for potatoes, fresh vegetables and fruit in 2024°.

Data for the East of England (Defra, 2024b) shows total output for fresh vegetables of £458 million,
potatoes of £212 million, and fruit of £78 million, a total of £748 million for 2023. This is equivalent
to GVA of £209 million (field vegetables), £97 million (potatoes), and £36 million (soft fruit), a total of
£342 million. In this case, the losses due to reductions in water available for irrigation are equivalent
to a 16% to 29% reduction in GVA for the East of England. This loss of crops, and their value, would
need to be picked up elsewhere in the country or from imports from other countries. Imports may be
more likely for some crops, e.g. early potatoes, due to the ideal soil and climate conditions that enable
these varieties to be grown and harvested earlier in Norfolk and Suffolk than they can be in most other
locations of the UK.

Defra (2025d) identifies that the agri-food sector in the UK in 2023 accounted for more than £153
billion of national GVA (6.2% of total UK GVA). Employment in the sector was 4.2 million in Great

8 This is done by multiplying the present value damages over 20 years by the sum of the discount factors,

which is 14.214, assuming impacts occur with reductions from year 1 (2025) and continue to year 20 (2044)

®  This will under-estimate the proportion since the UK figures include all vegetables and all fruit.
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Briain in 2023. Agriculture itself accounts for 8.9% of the GVA of the sector, with food and drink
manufacturing making up 24%, food and drink wholesaling at 11%, food and drink retailing at 26%,
and food and drink non-residential catering making up 30%. In terms of employment (in Great Britain),
agriculture accounted for 402,000 of 4.2 million jobs (2024), 447,000 in food and drink manufacturing,
207,000 in food and drink wholesaling, 1.1 million in food and drink retailing, and 2.0 million in food
and drink non-residential catering. Annualised GVA losses to the agricultural supply chain (which also
includes upstream suppliers) is estimated at £56 million to £70 million per year (based on reductions
in licensed volumes) to £99 million to £100 million per year (based on reductions in actual
abstractions). It is difficult to compare these directly to the total GVA for the UK since the multipliers
used for agriculture may not reflect the whole food chain supply chain, or just the indirect effects and
not further knock-on effects.

As well as looking at the context of the losses, and their significance to the region and the UK as a
whole, itis also important to consider how likely those losses are to be realised. UKIA (2020) highlights
that almost three quarters of the volume of water licensed for spray irrigation is located in catchments
experiencing severe levels of water stress. This highlights the risk that future water supplies for
irrigation will not be reliably available and licence reductions to meet environmental needs are more
likely to occur. As such, the proposed reductions in licensed volumes and actual abstractions of 6%,
16%, 23% and 30% may be under-estimated. Figures in Environment Agency (2025) and Water
Resources East (2023) suggest reductions could be much higher in Norfolk and Suffolk, see Figure A2-
2 for a reproduction of the key elements of these figures.

Figure 5 - Potential abstraction

reductions by 2050 (without Abstraction Reduction Abstraction Reduction
consideration of water company No Reducti No Reduction
actions to reduce pressure) 0 Reduction [ ECATA

| ETAIA

B 6% - 20% —— Bk

21% - 40%

21% - 40% 41% - 60%
41% - 60% 61% - 80%
61% - 80% N ;302

I 30%

Figure 3.2 Proj d reductions in li d ab ion vol by 2050 Percentage
licence
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including ineluding including
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Figure A2-2: Projected reductions in licensed volumes by 2050

Source: Environment Agency, 2025 (top) and WRE, 2023 (bottom)
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A2.4 Costs and avoided losses under the with reservoirs scenario

The with reservoirs scenario assumes the agricultural sector can take action to reduce the losses that
would occur. This would likely require changes to licences to allow for greater abstraction during the
winter or at times of high flow to fill storage reservoirs. Assumptions have been made that such
changes are feasible and that sufficient reservoirs could be built in the short-term to enable the
environment destination to be met while minimising the losses to agriculture and its supply chain. An
assessment has been made of the costs that agriculture would have to incur to ensure a continued
supply of water through construction and use of storage reservoirs. These costs are estimated at
being between £50 million and £57 million (6%reduction) increasing to between £110 million and
£130 million (30% reduction) (with the low end of the ranges based on clay-lined reservoirs and the
high end based on HDPE lined reservoirs). It is important to note that these costs assume that there
is sufficient water available to fill these reservoirs, through licence revisions. If not, then other
mitigation measures may be required to minimise the losses seen under the reduction in licences
scenario.

Reservoirs provide one option for the agriculture industry to avoid (or at least minimise) these losses.
Environment Agency (2021) mentions the potential that “some water” could be taken from rivers
during winter months or other times of high-flow and that this would require abstractors to consider
reservoirs to store water until it is needed later in the year. Funds such as the Capital Grants 2025
scheme, as part of the Countryside Stewardship Scheme could be used to help fund reservoirs. The
Secretary of State announced that a new round of funding for the Water Management Grant is likely,
but there is no specific reopening date. This followed the scheme being hugely oversubscribed in 2024
(and temporarily paused as a result). This shows that there is appetite from farmers to invest in
reservoirs with assistance through grants to help deliver changes to the way water used for irrigation
is obtained, and supplies are secured (Defra, 2025e).

A2.5 Benchmarking the value of agriculture to other sectors

An estimate has been made of the value per m3of water based on the losses projected for the three
crops (potatoes, fried vegetables, and soft fruit). These values are estimated at:

e Potatoes: £4.86 to £6.51 per m3;
e Field vegetables: £1.03 to £1.09 per m3; and
e Soft fruit: up to £1.70 per m3.

These estimates are drawn from the losses incurred due to a reduction in water for irrigation across
the areas identified as being irrigated. Potatoes have the higher £ per m3 value as they have the
highest volume of water allocated to their irrigation. Since the value per m?is based on losses due to
water scarcity, the values increase as the level of water available decreases. Since potatoes have the
most water allocated to them in the model, they then show the greatest losses from reduction in
water and so the highest £ per m3 value.

Morris et al (2017) reports the added value of water to be between £4.90 and £6.60 per m? for
strawberries, while that for potatoes is £0.70 to £1.60 per m3 (reference to papers in 2013 and 2014).
The higher value estimated here for potatoes is assumed to relate to increase in value of potatoes
since 2013/14 and that there is greater impact on potatoes than on the other crops (hence there is a
larger reduction in yield resulting in greater losses).

It is important to note that these per m3 values represent the value where water is scarce, so the value
increases as deficit irrigation increases. This can make it difficult to compare values across sectors,
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since the value of water to any sector will likely reflect the level of water availability as well as how
water is used to provide added value. It can also be difficult to identify the specific value added of
water. For agriculture, we have based losses on reduction in water resulting in a reduction in yield.
Other sectors may not see such a direct correlation between inputs and outputs. For example, a
factory using water to clean produce or to clean equipment may capture the value of water as part of
the value of its outputs, but distilling how much that value would change if the amount of water
available was reduced, or if licensed volumes had to be replaced with water from Public Water Supply,
is more complex.

A variety of data sources can be combined to generate an overview of benchmarking values by
industry type. The results are summarised in Table A2-11. As noted above, it is important to consider
these values by assessing the value added of each sector, which is difficult to assess based on available
information. The use of water (whether part of the product, process or neither) is also key since where
water forms part of the product (as in agriculture of food and drink manufacturing), the value is linked
strongly to the cost of water. Where water forms part of the process or neither product nor process,
then it is possible to reduce water use without it affecting productivity, hence the value per m? can be
increased significantly. Thus, the benchmarked values do not necessarily reflect the importance of
water to productivity, which should be the key consideration.

Table A2-11: Economic value per m3 of water by key industries

Water use Indicative value

Sector oy
characteristics

Water use

High volume, Highly variable by
Agriculture (overall) seasonal, crop- 0.50-1.50 crop and
dependent irrigation method
Agrlculture (potatoes, 4.86-6.51 '
this study) . Varies by level of
- - Based on reduction -
Agriculture (field L water availability
. in yield due to 1.03-1.09 S Forms part of
vegetables, this study) e and irrigation
- - deficit irrigation product
Agriculture (soft fruit, Ub to 1.70 need
this study) P ’
Includes
Food and drink High .depenc'jejncy, 5-20 'b'rewerles,
hygiene-critical dairies, and food
processors
Higher in high-
Manufacturing (other) Mocllerate volume, 10-100 tech and precision Forms part of
varies by process ) process
manufacturing
F t of
Depends on orms part o
eneration tvpe process (Where
Very high volume, & P there is no
Energy . 1-5 (e.g. thermal .
mostly for cooling alternative to
versus cooling use
renewables) &
water)
May form part of
process (but
Very high ti ist
Low volume, high ery. '8 options exis
Data centres . L 100+ economic output | where water can
cooling efficiency . .
per unit of water be neither
product nor
process)
Based on data from the following sources, supported by wider industry-specific reports including from the
NFU, waterwise and UKWIR:
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Table A2-11: Economic value per m? of water by key industries

Water use Indicative value
Sector o Water use
characteristics (£ per m3)
Environment Agency (2025): National Framework for Water Resources 2025: Water for Growth, Nature and
a Resilient Future. Available at: https://www.gov.uk/government/publications/national-framework-for-

water-resources-2025-water-for-growth-nature-and-a-resilient-future on 18 July 2025.

Office for National Statistics (ONS) (2025): Water and Sewerage, GDP Time Series. Available at:
https://www.ons.gov.uk/economy/grossdomesticproductgdp/timeseries/zz42/pn2 on 18 July 2025.

Environment Agency (2025): The National Framework for Water Resources 2025 — Summary Document.
Available at:

https://assets.publishing.service.gov.uk/media/685d4a2ac2633bd820a92a99/2025 EA National Framewo
rk_Water Resources - summary document.pdf on 18 July 2025.

In addition to the £ per m? value per sector, it is important to consider the strategic value of each
sector with agriculture showing a lower economic value per unit but having high strategic value linked
to food security, rural employment, and land stewardship. This strategic importance (along with that
of energy and manufacturing) is recognised in the National Framework (Environment Agency, 2025)
and the UK Food Security Report (Defra, 2024). In addition, opportunities to reduce water use also
need to be considered. For example, data centres use high volumes for cooling but there are examples
of where actions are being taken to reduce water use, including through closed-loop cooling systems;
this would of course increase the apparent indicative value of water for such sectors since economic
value would stay the same (minus the costs of the new technology) but water use would reduce. This
demonstrates that, although water has a high value to data centres in enabling them to operate, it is
not required in the final product. The situation for agriculture (and some manufacturing) is very
different and a loss of water would result in a reduction in the amount and quality of the final product.
This is not easily represented through estimation of indicative value of water based on economic
output and use alone. As such, decision-makers need to bear in mind the extent to which water is an
essential input, and not just an accessory to economic output.
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https://www.gov.uk/government/publications/national-framework-for-water-resources-2025-water-for-growth-nature-and-a-resilient-future
https://www.gov.uk/government/publications/national-framework-for-water-resources-2025-water-for-growth-nature-and-a-resilient-future
https://www.ons.gov.uk/economy/grossdomesticproductgdp/timeseries/zz42/pn2
https://assets.publishing.service.gov.uk/media/685d4a2ac2633bd820a92a99/2025_EA_National_Framework_Water_Resources_-_summary_document.pdf
https://assets.publishing.service.gov.uk/media/685d4a2ac2633bd820a92a99/2025_EA_National_Framework_Water_Resources_-_summary_document.pdf
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