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Defra, like all government departments, uses economic analysis to better understand the
sectors we work with and regulate. Modelling is one key part of this. We created, maintain
and operate the UK Agricultural Market Model (UKAMM) to inform our understanding of
UK agriculture.

We treat its results as ‘expert in the room’ alongside qualitative analysis, social research,
stakeholder insights and more to supply evidence to policymakers.

This document explains the key economic concepts underpinning the way UKAMM
approaches the UK’s agricultural economy.

It then gives an in-depth breakdown of how it models each sector and commodity. By
lifting the lid on one of our key agricultural economic tools, we hope to promote the kind of
dialogue and scrutiny that challenges our analysis to be as current and robust as possible.
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Modelling agriculture in the UK

John Curnow

Chief Economist, Defra

How does the size of the UK’s dairy herd change over time? How
does a change in GDP affect how much food we buy? How likely
are arable farmers to change what they sow when crop prices
change? Each of these questions could be an analysts’ lifetime’s
work. Each question hides untold complexity. The dairy herd varies
by region, has a variety of breeds and faces a range of health

challenges.

Changes in GDP arising from construction, finance or healthcare will filter down to
people’s food consumption patterns in different ways, or not at all. Arable farmers change
what they sow and the way they make decisions evolves from one year to the next.

Understanding agriculture is critical to Defra’s role with the sector. Defra economists work
closely with other government departments, academics and industry to answer these
guestions and hundreds more.

The UK Agricultural Market Model (UKAMM) lets Defra economists explore
interconnections in a measured and systematic way. It creates simplified best estimates to
these hundreds of questions into projections for the future of UK agriculture. Mapping out
the five critical parts of the UK agricultural system: meat, dairy, arable, oilseeds, sugar
including how their production and consumption in the UK relates to their international
trade.

UKAMM allows Defra economists to imagine changes in one corner of the system and
examine how ripples might spread.

There is no exact forecasting of the future as there no telling what the future holds. But this
model is used as expert in the room with a variety of other insights including government
analytical professions, stakeholder intelligence, academic research. This model is a
simplified overview of the sector is an excellent tool for exploring system-wide impacts and
avoiding unintended consequences.

UKAMM is part of a wider modelling ecosystem, compared and contrasted with other
models across Whitehall and feeds into the Aglink-Cosimo model developed the
Organisation for Economic Co-operation and Development (OECD) and the Food and
Agriculture Organization (FAO).

This documentation is part of that global dialogue and we look forward to further
collaboration with the OECD and our counterparts around the world in years to come.
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Foreword — a global perspective

Marion Jansen

Director, OECD Trade and Agriculture Directorate

The COVID-19 crisis and significant recent trade policy
disruptions have highlighted the need to anticipate future
developments in policies and markets and to prepare for
potential shocks.

The OECD addresses this demand by collecting data, analysing risks and policies, and
exploring trends using a range of models like Aglink-Cosimo in the case of agricultural
markets. Developing and improving these tools is a never-ending and complex
undertaking relying on valued partnerships across organisations to bring together the
necessary expertise and experience.

The long-standing collaboration with Defra is one such partnership, which has resulted in
the creation of the UK Agricultural Market Model. It will allow Defra to assess the potential
market impacts of policy proposals before they are implemented.

This is especially important as the United Kingdom is redesigning its agricultural policy.
The OECD stands ready to support this undertaking with its broad range of evidence and
analysis.



1 Introducing UKAMM

The UK Agricultural Market Model — UKAMM for short — is a set of mathematical equations
that describe economic relationships in the arable crops, livestock, dairy, oilseed
processing and sugar sectors.

These economic relationships include production processes, consumption patterns and
international trade flows. We use specialist software to solve these equations
simultaneously using data about UK agriculture today and in the past.

The result is a projection of the state of UK agriculture for the next ten years. This
projection provides annual estimates of prices, quantities produced, and quantities
demanded of the agricultural commodities in the model.

This is a projection, not a forecast. We cannot foresee the events that will shape the future
of UK agriculture over the next ten years. Nor can we perfectly predict how policies
currently in formulation will end up shaping Defra sectors.

What we can provide are benchmark orders of magnitude for key variables. We use this
baseline for comparison when analysing the impacts of policy proposals or hypothetical
scenarios.

This is a living model. The agricultural economy and the agricultural policy affecting it
change and our model changes with it, not least when new data comes out each year.

Defra economists constantly update and review UKAMM. That is particularly true when we
are using the model for policy analysis, which usually involves making ad hoc changes to
the model.

It may also mean that this documentation does not reflect the exact modified version of
the model used when analysing policies and scenarios.

UKAMM is a dynamic partial equilibrium model. As a partial equilibrium model, it
examines the way markets work in one sector of the economy without looking more widely
at the relationship between agriculture and other sectors.

It estimates equilibrium prices: these are the prices at which the amount of each
commodity supplied by producers would equal the amount demanded by consumers.

As a dynamic model, UKAMM projects how UK agriculture might change over time.
UKAMM deals in years nots weeks or months. It accounts for ways in which economic
conditions one year might affect conditions the next without covering short term horizons in
which prices may fluctuate around equilibrium.



UKAMM is closely related to the OECD and FAQO'’s Aglink-Cosimo model of global
agriculture.

Many of UKAMM'’s sectors draw on Aglink-Cosimo’s structure and naming system and
Defra’s UKAMM team play an active part in the associated global conversations on
agricultural modelling.

One of UKAMM's key uses is providing projections which are then used as UK variables in
Aglink-Cosimo.

Another model related to UKAMM is Food and Agricultural Policy Research Institute
(EAPRI), a dynamic partial equilibrium model of UK agriculture operated by Agri-Food and
Biosciences Institute of the Northern Ireland Executive. The two models cover similar
terrain in different ways.

UKAMM has more of a trade focus, for example, and FAPRI separates results between
the four UK nations unlike UKAMM.


http://www.agri-outlook.org/about/
http://www.agri-outlook.org/about/
http://www.agri-outlook.org/about/
https://www.afbini.gov.uk/fapri-publications
https://www.afbini.gov.uk/fapri-publications
https://www.afbini.gov.uk/
https://www.afbini.gov.uk/

1.1 Assumptions

Like every model, UKAMM makes simplifying assumptions. We need to understand them
to know when UKAMM is a suitable tool and when it is not.

Specific assumptions about commodities and sectors are explained in the sector-specific

sections of this document.

Table 1: General economic assumptions underpinning UKAMM's illustration of the

agricultural economy.

Assumption

The UK is a ‘small’
agricultural economy
and does not affect
other countries prices.

Implications

UKAMM treats overseas prices as fixed. In markets where the
UK is a significant player, some effects might be missing. For

example, an increase in UK demand for wheat imports would

appear to have no impact on EU or world wheat prices.

Agriculture does not
have an impact on the
rest of the economy.

Macro-economic variables like GDP are exogenous, meaning
that even if UKAMM projects the size of the UK agricultural
economy to increase, GDP will not change.

GDP is a factor in UKAMM'’s demand equations so the
equilibrium points at which markets clear would not reflect
macroeconomic effects of sector growth.

In the end, demand
always equals supply.

There are many reasons markets might not clear to equilibrium:
incomplete information, barriers to firm entry or exit and supply
chain disruption to name a few. For some commodities UKAMM
does model the way stocks can be used to balance supply and
demand in any given year.

Past behaviour and
relationships are a
good guide to the
future.

UKAMM'’s parameters are generated using analysis of historic
data. The scenarios it generates assume actors respond to
change in the future in similar ways to how they have responded
to change in the past.

Each unit of a given
commodity is identical
in quality and
consumer appeal.

By assuming goods are homogenous, UKAMM may overstate
how likely imports are to replace UK produce and how likely UK
produce is to replace imports. The model assumes traders only
differentiate broadly between EU and non-EU goods. They are
assumed to have no specific preferences for goods from one
country or another.




Production is based UKAMM does not simulate economic ‘agents’ with forward-

on current and past looking, rational expectations. It assumes production depends on
economic conditions, | economic conditions in current or previous years, akin to

not foresight of future | behaviour based on adaptive expectations.

conditions.
This means future policy changes cannot be expected in the

model and therefore does not affect production and consumption
prior to their actual implementation in the model’s time horizon.

1.2 The model piece by piece

UKAMM models agricultural sectors separately while accounting for ways in which they
interact. The model covers:

e cereals
e livestock
e dairy

e oOilseeds
e sugar

Each commodity has its own set of equations covering prices, production, consumption
and trade.

1.2.1 Commodities

UKAMM covers agricultural commodities in the arable, oilseeds, sugar, livestock and dairy
sectors. The model covers around 87% of the value of UK agricultural production. There is
a list of all commodities modelled in UKAMM in the ‘abbreviations’ section. There are
several important agricultural sectors not covered by UKAMM such as horticulture,
potatoes and non-animal proteins like nuts and pulses.

1.2.2 Prices

In UKAMM, the price paid to producers for their goods is what ‘clears’ the market. Let us
unpack what that means. When we solve the model, we find the ‘equilibrium’ point at
which the amount of each commodity produced or imported supplied equals the amount
demanded or exported.

Every equation describing how much of a given commaodity is produced, imported,
demanded or exported depends on price. When we solve the model, our specialist
software adjusts the price level for each commodity until it finds the point at which each
sector is in equilibrium.



We will explain this again using UKAMM'’s equations in the sections for each sector.
UKAMM also calculates an estimate of consumer prices.

It does this differently for each commaodity, but it often does this by multiplying producer
prices by an externally sourced estimate for how much more consumers pay for a product
than producers get paid for it, for example a mark-up.

1.2.3 Production

Each agricultural sector is completely different. As such UKAMM uses hugely different
equations to describe these hugely different economic and material relationships. What
these equations have in common is that they will incorporate inputs used in production like
energy, animal feed, fertilisers, seeds and more.

Exactly what these inputs are is specific to each sector. Some sectors need to account for
hard limits, such as the amount of land area available.

UKAMM'’s production equations also account for how producers make decisions and how
long they take to implement.

Often, UKAMM assumes producers make adaptive decisions, meaning they decide how
much to produce each year based on outcomes in previous years.

Where poultry farmers can adjust how many birds they keep within a matter of months, it
takes years for cattle farmers to adjust the size of their herds. So, each sector takes
different amounts of time to adjust to changes in the market.

Subsidies are another factor in many production equations. Chapter 3 offers a dedicated
explanation of how UKAMM accounts for market support.



1.2.4 Consumption

Each commodity in UKAMM is used for different purposes. Each of these purposes is
reflected in the equations describing how much of each commodity is demanded each
year.

Demand for meat or sugar, for example, depends on food demand alone. UKAMM models
food demand as dependent on population, economic growth and price elasticities of
demand.

Price elasticities are a measure of how responsive a given economic variable is to price.
Price elasticities of demand are measures of how likely consumers are to increase or
reduce our consumption in response to changes in price.

Products have low elasticities if consumers are reluctant to change how much they buy as
prices change. If a product has a high elasticity, consumers are more likely to change their
habits, reducing their consumption when the price rises and increasing it when the price
falls.

1.2.5 Interlinkages

There are interlinkages between different agricultural sectors and many of these are
captured in UKAMM'’s equations. One example is the use of arable crops as animal feed.
The cost of arable crops is a factor in the production equations for livestock. The demand
for animal feed is a factor in the demand equation for each arable crop.

Sectors are also linked by ‘cross-price elasticities’ between commodities. These describe
how readily buyers will switch between products when one becomes cheaper than the
other.

So, if pigmeat gets cheaper than other types of meat, these elasticities give a measure for
how likely consumers are to switch meats. UKAMM also contemplates this sort of
substitution by producers, with relative prices being a factor in livestock farmers’ decisions
about what to feed their animals and in arable farmers’ decisions about how much of their
land to dedicate to each crop, to give two examples.



1.2. 6 International trade

UKAMM'’s equations describe flows of imports and exports to and from the UK and how
these flows affect domestic production and consumption. The model accounts for tariffs,
guotas and other trade policies.

The structure of the trade equations is broadly the same for each commodity, so we
summarise them in a resolute ‘trade’ section rather than alongside each sector’s price,
production and consumption equations.

UKAMM is a ‘three-country’ model. Rather than modelling each of the UK’s trading
partners separately, UKAMM aggregates trade with the EU into one bloc and trade with
the rest of the world into a third bloc.

UKAMM only models the UK agricultural economy. EU and world prices are drawn from
external data sources.

1.2.7 Data

UKAMM uses annual data to solve its equations and make projections. Defra’s annual
Agriculture in the UK compendium of statistics is the main data source, compiling statistics
from Defra, the Welsh Government, Scottish Government and Northern Ireland Executive.

Other data comes from the Agriculture and Horticulture Development Board (AHDB), the
OECD’s Aglink model and other government departments. UKAMM also draws on outside
sources for parameters in equations.

Some of these come from academic literature, some come from the OECD and some
come from Defra’s own analysis.

1.3 What a UKAMM equation looks like

UKAMM has equations of two types: linear and logarithmic. The linear equations all have
the same structure.

The logarithmic equations vary. Many of the equations that describe firm or consumer
behaviour are ‘log-log,” meaning that both the dependent and independent variables are
expressed as logarithms like this:

log[Y] = a + B *log[X] + log[R]

Where Y is the dependent variable, « is the constant, g is the parameter, X is the
independent variable, and R is the residual.

You will see lots of equations of this form in the documentation, such as the following
equation for butter production. In this equation logarithms are taken of both the dependent
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variable, QP 5, ,, the quantity of butter produced, and the independent variables, PPgr ;

and PPr,7 ¢+, the producer prices of butter and the fat component of milk respectively:

PPpgr,
Log(QPgr:) = a+ Bopgppy, - LOG PP + Rop B
FAT,t

Variables

There are two types of variable in UKAMM. The value of endogenous variables is
calculated by equations within the model.

The value of exogenous variables come from outside the model, sometimes directly from
data sources like Agriculture in the UK and sometimes calculated by Defra analysts.

Each variable has specific values for different regions, commodities and years. The
variable’s label refers to the economic concept it is seeking to describe, such as crop yield.

The region can be any of the three blocks in UKAMM: UK, EU or the rest of the world.

Not all variables exist for every commodity: crop yield is available for wheat and oats, for
example, but clearly not for sheepmeat or butter.

In this documentation we use subscript after the variable label to denote the region,
commodity and time period referred to. By default, we refer to the UK, so if no region is
specified, we are referring to the UK version of the variable. To give an example:

YLDUKM,WTS,2019

The label is crop yield, denoted YLD. The region is United Kingdom, denoted UKM. The
commodity is wheat, denoted WTS. The year in question is 2019. A full list of UKAMM
abbreviations is in section 1.4.

Constants

Constants shift an equation’s values without altering what effect a change in the
independent variable’s value has on the value of the dependent variable. The constants in
UKAMM calibrate the model to historical data by shifting the trend line for each variable up
or down to ensure it starts from a position in line with recent historic levels.

We use specialist software to calculate these calibrating constants as part of the process
of using UKAMM to generate projections. In this documentation we label this constant a in
all equations. The model calculates a unique constant for each equation in the model.

10



Elasticities

An elasticity shows the size by which the dependent variable would change after a given

change in the independent variable, assuming other variables are held constant. The value

of UKAMM'’s elasticities stays constant across the whole simulation period.

For example, the elasticity between wheat yield (YLDyrs,) and wheat price (PPyrs ) tells
us by what degree wheat yield would change were the wheat price to rise or fall. In the
documentation we format this parameter as ﬁYLDWTSPPWTS'

Residuals

Residuals are also referred to as error terms. Usually the residual terms in each equation
will be zero, so have no impact on modelling results.

Residuals come in handy when we want to make manual adjustments to the model. This
might be because we know a new change in a sector is create a long-lasting trend that
would not be predicted from the historic data.

Residuals are particularly useful when we want to ‘shock’ the model, generating
projections for hypothetical scenarios. We can alter the residual in each logarithmic
equation to quickly change its behaviour.

Were we to increase the value of a residual from 1 to 1.2, for example, this would
increase the equation’s output by 20% because of the logarithmic form of the equation.

In this documentation we format residuals in a comparable way to other equation terms.
So, the residual for wheat yield is abbreviated to Ry, rs ypp-

11



1.4 Commodities and their abbreviations

Table 1: commodities in UKAMM and their abbreviations

Commodity Name ' Commodity Code Commodity Name  Commodity Code

Barley BA Rapeseed Meal RM
Butter BT Rapeseed RP
Beef and Veal BV Soybean SB
Coarse Grains CG Sugar Beet SBE
Cheese CH Raw Sugar (Cane) | SUR
Dried Distiller’s DDG Sheepmeat SH
Grains
Ethanol ET Soybean Oil SL
Fresh Dairy FDP Soybean Meal SM
Products
Maize MA Skimmed Milk SMP
Powder
Milk MK White Sugar SUW
Oats oT Sweetener SW
Pork PK Whole Milk Powder | WMP
Protein Meal PM Wheat WTS
Poultrymeat PT Whey Powder WYP
Rapeseed Ol RL

12



1.5 Variables and their labels

Table 2: variables in UKAMM and their labels

Label Code Label Name Label Code

Label Name

Quantity Produced QP Returns from RET
Production

Quantity Consumed QC Returns per Hectare RH

Producer Price PP Consumer Price CP

Cow Inventory Cl Livestock Inventory LI

Feed Conversion Ratio FCR Cost of Feed Index FECI

Food Use FO Feed Use FE

Other Use ou Use for Crushing CR

Crush Margin CRMAR Single Farm Payment SFP

Cost of Production CPCI Stocks ST

Index

Intervention Stocks IST Private Stocks PRST

Value of Production VP Imports IM

Imports from the EU IM, EU Import Price from the IMP, EU
EU

Imports from the Rest of | IM, WLD Import Price from the IMP, WLD

the World Rest of the World

Exports EX Net Trade NT

Exports to the EU EX..EU Export Price to the EU EXP..EU

13



Label Name Label Code Label Name Label Code
Exports to the Rest of EX..WLD Export Price to the Rest | EXP..WLD
the World of the World
Import Tariff on the EU TAVI..EU Export Tariff from the TAVE..EU
EU
Import Tariff on the Rest | TAVI.WLD Export Tariff from the TAVE..WLD
of the World Rest of the World
In-quota Import Tariff on | TAVIL.IQ..WLD | In-quota Specific Import | TSP..IQ..WLD
the Rest of the World Tariff on the Rest of the
World
Tariff Revenue from the | TREV..EU Tariff Revenue from the | TREV..WLD
EU Rest of the World
Pound to Euro XR Pound to Dollar XR..USA
Exchange Rate Exchange Rate
Population POP Gross Domestic Product | GDPI
Index
Gross Domestic Product | GDPD Payment equivalent EPQ
Deflator relevant to production
Payment Equivalent EPA Payment Equivalent of EPI

Relevant to Area/Herd
Size

all Payments Affecting
Inventory

14



2 Sector by sector

2.1 Arable

UKAMM'’s arable sector includes wheat, barley, oats, rapeseed and sugar beet. UKAMM
does not model fruit, vegetable, potato or ornamental growing. By land area this
represents around 80% of commercial growing in the UK. By value of production it
represents about half.

2.1.1 Producer prices

UKAMM uses prices to clear the UK arable market. When simulating, UKAMM adjusts
prices until the amount of each arable crop produced, imported and stockpiled from the
previous year equals the amount of each arable crop consumed, exported and stockpiled
for the following year. This works as all of these variables are dependent on price. In the
model, this is expressed algebraically:

PPyrst : 0 = QPyrs: + IMyrse + STwrse-1 — QCwrst — EXwrse — STwrs,e
PPpyt: 0= QPpyr + IMppr + STpar—1 — QCpar — EXpar — STpar

PPor, : 0= QPor: + IMor: + STort-1 — QCore — EXort — STor

PPgp;: 0= QPrpy + IMppr — QCrp¢ — EXpp,

These market balancing equations include production (QPC +), consumption (QCc4),

imports (IM, ;), exports (EX, ;) and stocks from the current (ST, ;) and previous period

(STc,t—l)- The elasticities in the trade equations keep UK domestic prices tied to import
and export prices depending on UK’s net-trade position.

Coarse grains are used primarily for animal feed and brewing. They include barley, maize
and oats but exclude wheat and rice. UKAMM calculates the aggregate price of coarse
grains as a weighted average of barley, oat and maize prices multiplied by their share of
coarse grain feed demand:

PPcc. = (PPga. - FE..SHRg,:) + (PPyas - FE..SHRy ;)
+ (PPyr - FE..SHRyr)
Dried distillers’ grains are a by-product of brewing used as animal feed. Soybean meal is

also used as animal feed. Their prices are taken as equal to the European producer price
multiplied by the pound-euro exchange rate:

15



PPDDG,t = PPDDG,EUN,t 'XREUN,t
PP SMt = PP, SM,EUN,t ’XREUN,t

Protein meal can be made from soybeans, rapeseed or sunflower seeds. UKAMM
assumes the UK price of protein meal to be equal to the soybean protein meal price:

PPppy = PPgy ¢
The sugar beet price equation can be found in the sugar section of this document.

The average protein feed producer price is a weighted average of the prices of low-protein
feed, medium-protein feed, and high-protein feed. UKAMM assumes the price of these
three types of feed to be the price of their principle components — respectively wheat, dried
distiller’s grains and soybean meal:

_ (FELPF,t ’ PPWTS,t) + (FEMPF,t ’ PPDDG,t) + (FEHPF,t ’ PPPM,t)
PPapr: = FE4pp

2.1.2 Consumer prices

UKAMM calculates an estimate for wheat consumer prices using standard ratios for the
mark-up between consumer and producer prices in European countries. This ratio is
multiplied by UK producer prices to estimate consumer prices.

CPWTS,t = PPWTS,t : CP--E15WTS,1:

Here CPyrs ¢ is the wheat consumer price, PPy, rs ; is the wheat producer price and

CP..E15y s is the ratio between the European consumer and producer price.
For coarse grains, the consumer price is assumed equal to the producer price:

cpP CGt — PP CG,t

2.1.3 Production

To calculate the amount of each arable crop produced, UKAMM first creates a measure of
the cost’s farmers incur to produce each crop.

UKAMM has indices of various standard types of costs incurred by farmers. It draws on
these to calculate each commodity’s measure of production costs. The overall production
cost index is different for each crop, but all are constructed from a combination of five input
sub-indices: seed, fertiliser, energy, other tradable inputs and non-tradable inputs.

16



CPCI., = CPCI..SHSD,, - ( )
C2008

XPOll wld,t )
Oll wld,2008 XRUSA 2008
XPrewiae " XRysa )
prt wld,2008 XRUSA 2008

( GDPEUNt XREUNt >

+ CPCI..SHEN_ ; <X

+ CPCI..SHFT,, - (

+ CPCI..SHTR
o GDPDgyn 2008 * XReun 2008

GDPD, )

+ CPCI..SHNT_ - GDPD,gps

In this equation:

e CPCI., is the commodity production cost index for commodity c in year t

e CPCI..SHNT_, is the share of non-tradable inputs in total base commodity
production costs

e CPCI..SHEN_, is the share of energy in total base commodity production costs

e CPCI..SHFT_, is the share of fertiliser in total base commodity production costs

e CPCI..SHTR_, is the share of other tradable inputs in total base commodity
production costs

e CPCI..SHSD_, is the share of seed input in total base commodity production costs

Table 4: Costs of arable production covered in UKAMM

UKAMM cost index Costs covered

Energy Electricity and fuels
Fertilisers Fertilisers and soil improvers
Seeds Seeds and seedlings bought as well as

those produced on the farm

Crop protection products, other specific
Other tradeables crop costs, machinery and buildings

Non-tradeables Contract work, other farming overheads,
depreciation, wages and own work

17



Production (QP, ;) of grains (wheat, barley, and oats), oilseeds (rapeseed) and sugar beet
is calculated by multiplying the yield (YLD, ;) by the area harvested (AH, ).

QPwrs: = AHyrse - YLDyrs,
QPpst = AHpyy - YLDpy,
QPor: = AHor: - YLDor
QPgrpt = AHgpt - YLDgp,

QP SBEt — AHSBE,t ) YLDSBE,t

Farmers are assumed to decide on their inputs based on their margin expectations. This is
reflected in the yield of the crop, which is based on the ratio of the price to the input costs
from the previous year. This equation has the same form for wheat, barley, oats and
rapeseed — here is the wheat yield equation:

Log(YLDWTS,t) = a+ 'BYLDWTSPPWTS

PPWTS,t—l
Berctyrsenes " CPClwrse—1 + (1= Berciyrs s ) - CPClwrse

+ ByLpyrsTrND * trend + Ry p wrs

-Log

In this equation:

e YLD, denotes the yield of commodity c at time t

e (is a constant

* [yipppis the price elasticity of the yield to the price. This has small effect.

e PP.._; isthe price of the commodity c intime ¢t — 1

* Bepcigen is the weighting of the production cost index in time t relative to the
lagged production cost index in time t — 1

e C(CPCI.. and CPCl,,_, are the cost of production index for commodity c in year t and
t — 1 respectively

e Trendis atime trend, scaled for respective yields by By, p rrnp- T€ChNOIlOgical

change is assumed to have a positive effect on yield and is captured by the time
trend. This trend variable has a bigger effect on yield than it does on most other
variables.

* Ry, is the residual for the yield of commodity c

Area is allocated to a given crop based on its relative competiveness with wheat, the major
UK crop.

This reduces the number of elasticities needed in the area share equations but means
that competition with anything other than wheat for land (from grazing livestock to solar
farms) is not considered.
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The following form of equation is repeated for barley, oats, rapeseed and sugar beet —
here the barley area share equation:

Log(AH--SHRBA,t) = & + Ban.SHRp4RHTs
RHp¢—1 + EPApye 1

05 ° CPCIBA,t—l + 05 ° CPCIBA,t
RHyrs¢—1 + EPAyrse—q
05 ° CPCIWTS,t—l + 05 ° CPCIWTS,t

+ Ban.surg,TRND * treNd + Ray surpa

-Log

In this equation:

* Ban.sur rH, s denotes the elasticity of the area share of crop c to the returns per
hectare of wheat
e RH_,_; is the return per hectare in the previous year

o EPA.;_, is the area payment equivalent in the previous year. See chapter 4 on
market support for the derivation of the subsidy payments.
e CPClI, . represents the cost of production index

. BAH"SHRCTRND denotes the weighting attached to a trend for the share of arable

area allocated to crop ¢

The area share for wheat is calculated by subtracting the sum of all the other area shares
from 1:

AH..SHRyrs, =1 — Z (AH..SHR.)

c+WTS

To find the total harvested area, the area share is multiplied by the total cropped land. This
equation has the same form for wheat, barley, oats, rapeseed and sugar beet — for brevity
we include the wheat harvested area equation only:

AHWTS,t = AH. -SHRWTS,t ’AHCR,t

The revenue per crop is composed of two elements: the returns per hectare and the area
payment equivalent. Crop returns are calculated as a three year weighted average to
negate volatility in both yield and prices. This equation has the same form for wheat,
barley, oats, rapeseed and sugar beet — here is the wheat harvested area equation:

RHyrs: = a - PPyrs: - YLDyrs
+ &y PPyrst—1 YLDwrsi—1 + @tz - PPyrsi—o - YLDyrs o
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Here PPy, rs; is the price of wheat in year t and YLDy,rs, is the wheat yield in year t.

2.1.5 Consumption

Each crop in UKAMM has different uses, summarised in the table.

Table 5: Uses of Arable Crops

Commodity Code Biofuel Crushing Feed Food Other

Barley BA X X X
Maize MA X X X X
Oats oT X X X
Rapeseed | RP X X X
Sugar beet | SBE X X

Wheat WTS X X X X

UKAMM models domestic demand for each crop as the sum of its uses: biofuel use (BF,,),
crush use (CR.), feed use (FE..), food use (FO..), and other uses (0U,.):

QCwrst = BFyrse + FEyrse + FOwrse + OUprs,t
QCpat = FEppt + FOpar + OUpyp

QCort = FEort + FOor + OUpr

QCrpt = CRppt + OUgp;

QCc6t = FEcge + FOcge + OUcq

Biofuel use is capped at an estimate of the UK’s limited manufacturing capacity. Below
this level UKAMM determines biofuel use using a function of the sterling value of the world

fossil oil reference price (X Py, + * XR..USA,) relative to the UK wheat producer price
(PPyrs ¢)- This is because biofuel is a substitute for fossil oil derived fuels.

BFyrs, = min[BF..CPCyrs, , BF..SIMyrs.]
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Apr.simyrs * XPorLe ¥ XR..USA;

PPyrs,t

log[BF..SIMyrs,| = & + Baryrsppyrs * 108

+ Rpr.simyrs

Crushing is the processing of oilseeds like rapeseed and soybean into oil and protein
meal. The crush margin is the difference between the value of the raw crop and its
processed products. UKAMM determines the amount of rapeseed crushed through the

margins from crushing rapeseed CRMARgp , the elasticity of rapeseed and soybean

margins Bcrpp . CRMAR g » @nd soybean crush margins CRMARGp ;.

Log(CRRP,t) = @+ Bcrpp,cRMARSE * Log(CRMARSB,t)
+ BcRpp,cCRMARRp * Log(CRMARgp )

+ .BCRRPTRND * ,BCRRPTRND * trend + Rcg grp

Food use for wheat and the coarse grains are functions of the consumer prices of wheat,
coarse grains and rice; the consumer price index; the GDP index; and population:

CPyrs,¢
Log(FO =a+ p *Log( )
( WTS,t) FOwTs,CPwTs GDPDt
CPCG,t CPRI,t
+ ﬁFOWTs,CPCG * LOg (GDPDt> + ﬂFOWTS'CPRI * LOg <GDPDt>
PI,
+ Broyrsceor * Log ( POP, ) + POP;
+ Broy,rsrrvptrend + Reo wrs
CPWTS,!I CPCG,II
Log(FOc.) = @+ Broggcrurs * 109 (Gant) + Brocecres * 103 (G5 mp)
CPars GDPI,
+ Brocg,crp * LOY (GDPD) + Broq,cpor * LOg ( POP, )

+ POPt + ,BFOCGTRNDtT‘end + RFO,CG

UKAMM breaks down this overall demand for the food use of coarse grains into food use
for barley, maize and oats. It does this by dividing it by each crop’s share (FO..SHR_ ;) of

overall coarse grain food usage (FOcg +):

FOBA,t = FOCG,t * FO"SHRBA,t
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FOOT,t == FOCG,L’ * FO 'SHROT,t

FOMA,t == FOCG,L’ * FO 'SHRMA,t

UKAMM has specific functions to calculate each crop’s share of coarse grain food use.
The maize food use share is exogenous. Oats’ food use share is treated as a function of
the relative price of oats and barley:

PPor,
PPp s

Log(FO..SHRor,) = a + Bro.suryrppce * LOY < > + Rro.sHr,oT

The barley food use share is 1 minus the oat share and the maize share:

FO..SHRg,, =1 — FO..SHRyr, — FO..SHRy 4,

Other usage captures all of the miscellaneous uses for arable crops. The other usage is
exogenous for maize, rapeseed, barley and oats. Other use for wheat is a function of the
wheat price and a trend variable:

PP WTS,t)
GDPD;

+ Bouy,rsTrND * trend + Roy wrs

Log(OUyrs:) = a+ Bouyrs,PPyrs, * LOY (

Coarse grain other usage is the sum of the other use of barley, maize and oats:

OUcg: = OUgyr + OUpry + OUygy,
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2.1.6 Animal feed demand

UKAMM models demand for animal feed (FE ;) as a function of beef, sheepmeat and

milk production (QP, ¢); non-ruminant feed use (FEyg ;); aquaculture feed use (FEpg4 ¢);
and the prices of wheat, coarse grains, protein meal and dried distiller’s grains. For wheat:

Log(FEWTS,t) = & + Bapragopsy * LOg(QPSH,t) + Bapreg0Pgy Log(QPBV,t)
+ BapFpg,0Pyi Log(QPyk,) + BapFpg A - FEFHAL

+ (1 - .BAPFFE,QPSH - IBAPFFE,QPBV - .BAPFFE,QPMK - .BAPFFE,FHAFE) -Log(FEngy)

PPWTS,t
) t Prswrserwrs - Log (GDPD)

PPcq t
GDPD,

+ BreyrsPpo * LOG (

PPPM,t PPDDG,t
+ Breyrsprew - LOg (GDPD) + Brewrsprone " 109 (GDPD)

+ Breyrsrrnptrend + Regyrs
For coarse grains:
Log(FECG,t) = &+ BapregoPsy * LOg(QPSH,t) + BapregoPgy LOg(QPBV,t)

+ BapFeg,oPuyi Log(QPMK,t) + BaprpgrHaps - FErHAL

+ (1 - .BAPFFE,QPSH - IBAPFFE,QPBV - .BAPFFE,QPMK - .BAPFFE,FHAFE) -Log(FEngy)

PPcg ¢ PPyrs,
* Brecgpres " L0 (GDPD) * Prrcoppurs < Log (GDPD)

PPpy ¢ PPppe e
+ Prscopery " L0g (GDPD) + Prrcorrooc " 109 (GDPD)

+ Rpg e

For dried distiller’s grains:

Log(FEDDG,t) = @+ BapregoPsy * LOg(QPSH,t) + Bapreg0Pgy LOg(QPBV,t)
+ BapFpg,0Pyk Log(QPuk,) + BapFpg A - FEFHAL

+ (1 - .BAPFFE,QPSH - IBAPFFE,QPBV - .BAPFFE,QPMK - .BAPFFE,FHAFE) -Log(FEngy)

PPCG,t PPWTS,t
+ Pesppgrres 109 (GDPD) + Pespocrrwrs  L0g (GDPD)

PPPM,t PPDDG,t
+ Pespocrreu " L0 (GDPDt) + Prsoocrrons * L0 (GDPD)

+ RFE,DDG
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For protein meal:

Log(FEPM,t) = Q&+ Baprogorsy * Log(QPsy,) + BapFeg0Pgy LOg(QPBV,t)
+ BapFeg,oPyx Log(QPyk,) + BapregFraps - FEFHALL

+ (1 - ﬁAPFFE,QPSH - ,BAPFFE,QPBV - ﬁAPFFE,QPMK - ﬁAPFFE,FHAFE) *Log(FEng)

PPcg ¢ PPyrs
+ ﬂFEpMPPCG ) LOg (GDPDt) + ﬁFEPMPPWTS | LOg (GDPD(;)

PPPM,t PPDDG,t
+ Brepuppey < L0g <—G DP Dt) * Prepurpoog * L0g (GDPDt)

+ RFE,PM

Similarly, to food use, the feed use of barley, maize and oats are calculated using a share
of aggregated coarse grain feed use:

FEBA,t == FECG,I,' *FE"SHRBA,t
FEOT,t == FECG,I,' *FE..SHROT’t
FEMA,t == FECG,I,' *FE..SHRMA’t

Here FE_, is the feed use, FE; . is the feed use of coarse grains and FE..SHR_, is the
share of total coarse grain feed use.

The oat feed share is inputted exogenously. The barley feed share is again calculated by
subtracting the oat and maize share from 1.

FE..SHRp,, = 1 —FE..SHRyr, — FE..SHRy,,

An average protein feed demand estimate (FE,pr ) is calculated as the sum of low-
protein feed (FE,pr ¢), medium-protein feed (FEypr +) and high-protein feed (FEypg +):

FEAPF,t = FELPF,t + FEMPF,t + FEHPF,t

UKAMM totals the commodities belonging to each category (as shown in Table 4) to give
the feed use for each level of protein content.
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Table 6: Arable Feed types

Low-Protein Feeds Medium-Protein Feeds High-Protein Feeds

Coarse Grains, Wheat Dried Distillers Grains Protein Meal

FELPF,t = FECG,t + FEWTS,t FEMPF,t = FEDDG,t FEHPF,t = FEPM,t

Ruminant feed (FERy . ) is calculated by the total feed use (FE4pr ;) minus non-ruminant
feed demand (FEyg +) :

FERU,t = FEAPF,t - FENR,t

Non-ruminant feed use (FEyg ) is calculated as:

QPpi ¢ QPpr
~— . FCR —
PK..LWTyg, Pre T T

+ QPggt - FCREgt

FENR,t = .FCR"DWPT,t

Here QPpk . and QPpr; are pork and poultry production. FCRpk . and FCRpr . are their
respective feed conversion ratios.

Feed conversion ratios say how much weight farmed animals gain, on average, for each
unit of feed they consume.

These ratios are historical averages exogenous to UKAMM. Animal weights can be
‘liveweight’, referring to the weight just before slaughter, or ‘deadweight’, referring to the
weight of saleable meat from each carcass.

For poultrymeat the feed conversation ratio is in deadweight equivalent, but for pigmeat
the feed ratio is given in liveweight. This means an additional exogenous scaling factor,
LWTyk ., is needed to convert the feed conversion ratio to a deadweight basis.

Beef feed conversion ratios are assumed to be equal to the general ruminant feed ratio
and sheep feed conversion ratios are assumed to be a fixed proportion of the general
ruminant ratio:

FCRpy: = FCRgy;

FCRgy ¢

FCRSH,t = o
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In UKAMM the feed cost index is split into indexes for ruminant feed and non-ruminant
feed. The non-ruminant feed cost index is modelled exogenously, and the ruminant feed

cost index (FECIgy +) is equal to the average price of feed: FECIgy = PPypp ;.

2.1.7 Stocks

Many arable crops can be stored from year to year. This is one way producers adjust to
periods of excess supply or price volatility. In UKAMM'’s arable component, only wheat and
barley stocks are modelled endogenously. Oat stocks are exogenous for simplicity, given
the lower amount produced.

Aggregate stock levels are the sum of private stocks (PRST, ;) and intervention stocks
(IST, ,):

ST., = PRST,, + IST,, .

Private stocks are modelled as a function of private stocks from the previous period
(PRST,:-41) and the price in the current period compared to the previous three periods:

Log(PRSTwrs:) = @+ BprstyrsoPyrs Log(QPyrs, + PRSTWTS,t—l)

3 PPyrs, >
PPyrse—1+ PPyrse—o + PPyrse—s3

+ BerstyrsPPyrs * LOG <

+ Bprstyrstrvptrend + Rpger wrs

Log(PRSTpa:) = @+ PBprsry,0psa -Log(QPgar + PRSTpat—1)

N ; 3-PPgu;
ﬁPRSTBAPPBA 09 PPBA,t—l + PPBA,t—Z + PPBA,t—3

+ BprstyrsTrvptrend + Rppor pa

The modelling of intervention stocks is discussed in chapter 3.2.

2.2 Ollseeds

2.2.1 Producer prices

UKAMM uses prices to clear the UK oilseeds market. When simulating, UKAMM adjusts
prices until the amount produced (QP, ;) and imported (/M ;) equals the amount
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consumed (QC, ¢) and exported (EX, ;). This works as all of these variables are
dependent on price. In the model, this is expressed algebraically:

PPpyi: 0= QPryyt + IMpyt — QCrue — EXRpt

PPRL,t: 0= QPRL,t + IMRL,t - QCRL,t - EXRL,t

2.2.2 Production

Oilseeds like rapeseed and soybean are crushed to produce oil and seed ‘meal’. The
quantity of vegetable oil produced (QP, ;) is equal to the amount of seed crushed (CR_ ),

multiplied by the oil yield (YLD, ;):
QP = CRgpy " YLDpp ¢
QPgsp s = CRsp; - YLDg; ¢

The amount of seed meal produced (QP, ;) is equal to the amount of seed crushed
(CR. ), multiplied by the meal yield (YLD, ;):

QPRM,t = CRRP,t ) YLDRM,t
QP SMit — CRSB,t ) YLDSM,t

The crush margin is the difference between the value of raw oilseed and the value of the
oil and meal produced. The amount of rapeseed and soybean crushed is a function of the

crush margins (CRMAR_ ;) and of elasticities measuring the extent to which they effect

the amount crushed (,BCRC’CRMARC). There is also a trend variable picking up technological
innovation.

Log(CRRP,t) = @+ Bcrpp,cRMARSE * Log(CRMARSB,t)
+ Bcrpp,CRMARRp * Log(CRMARgp,)

+ Bcrgprrap * trend + Reg pp

Log(CRSB,t) = @+ Bcre,cRMARsE * Log(CRMARSB,t)
+ Bcrgg,cRMARRp * Log(CRMARgp,)

+ BcrggTrRp * trend + Reg sp
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These crush margins indicate how profitable it is to process the seeds into oils and meals
rather than just selling the seeds. For this reason they are modelled as a function of the
meal price (PP,.) and yield (YLD, .); the oil price (PP..) and yield (YLD, ,); and the seed
price (PP, .). As soybeans are not widely grown in the UK, their crush margin depends on
the import prices (IMP,,) for meal, oil and beans.

PPgy ¢ YLDgy ¢ + PPrps- YLD

PPgp ¢

IMPsy¢ - YLDgpy o + IMPgy - YLD
CRMARSBI — ( SM,t SM,t SL,t SL,t)

IMPsp

2.2.3 Consumption

The total quantity of rapeseed oil consumed is the sum of the biofuel use (modelled
exogenously) and the food use. The food use is modelled as a function of the consumer

price of butter (CPg7 ¢), the consumer price of rapeseed oil (CPg, ), economic growth
(GDPI;) and the population (POP;):

CPBT,t CPRL,t
Log(RLro) = a+ Brog,cryr - LOg (GDPDt) + Brog,cpr, " LOG (GDPDt)

GDPI;
POP;

+ Brog,copi - LOg ( ) + Log(POP;) + Rpore

The consumer price of rapeseed oil is a behavioural equation that is a function of the GDP
deflator and the producer price:

Log(CPg.:) = a+ Bcpycopp - LOg(GDPD,)
+ (1 - .BCPRLGDPD) 'Log(PPRL,t) + Repre

Protein meal feed use is a function of the production of sheepmeat, beef and milk, as well
as non-ruminant feed use. It is also a function of the prices of coarse grain, wheat, protein
meal and dried distillers’ grains:
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Log(FEpy,) = a+ BFE 41pr0Psy ’LOQ(QPSH,t)
+ [))FEAPFQPBV 'Log(QPBV,t) + ﬁFEApFQPMK 'LO.Q(QPMK,t)
+ Bre ppFEra 'Log(FEFHA,t)

+ (1 - ﬂFEAPFQPSH - 'BFEAPFQPBV - 'BFEAPFQPMK - ﬂFEAPFFEFHA) ) Log(FENR,t)

PPcg+ PPyrs,
+BFEPMPPPM : (GDPDt>+ﬁFEPMPPWTS ' (GDPDt)
PPpy ¢ PPppg ¢

+ ,BFEPMPPPM ) (GDPD) + ﬁFEpMPPDDG ’ (GDPDt> + RFE,PM

Rapeseed meal is solely demanded for feed use. Rapeseed meal feed use (FEgy, ¢) is
calculated by multiplying the share of rapeseed meal (FE..SHRg, ;) by total protein meal
feed use (FEpp ¢):

FERM,t == FE"SHRRM,t . FEPM,I'

This share variable is calculated as a function of the relative prices of rapeseed meal and

PPRru
soybean meal (——>%):
IMPgp¢

PPru,t

m) + Rpg surrm

Log(FE..SHRgy,) = a + Brg surpyimpsy - L0 (

Soybean feed use (FE) ;) makes up the other part of protein meal feed use, and as such
is calculated by subtracting the rapeseed meal share (FE..SHRp), +) from one and
multiplying it by the protein meal feed use (FEpy, +):

FEgy, = (1— FE..SHRgpy,) - FEpy,
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2.3 Sugar

2.3.1 Producer prices

UKAMM uses prices to clear the UK white sugar market. When simulating, UKAMM
adjusts prices until the amount produced (QP, ;) and imported (/M ;) equals the amount

consumed (QC, ;) and exported (EX_ ;). This works as all these variables are dependent
on price. In the model, this is expressed algebraically:

PPgyw:: 0 = QPsyw ¢ + IMsyw s — QCsyw,: — EXsyw t

White sugar can be made from sugar cane, which cannot be grown in the UK, and sugar
beet, which can be grown in the UK. UKAMM assumes the producer price of sugar beet to
be driven by the producer price for white sugar (from both cane and beet). To calculate the
producer price of sugar beet its multiples the white sugar producer price by the sugar yield
per unit of sugar beet and a historical average profit margin.

PPSBE,t = YLD. 'SBESUW,t ) PPSUW,t : MARSBE,t

2.3.2 Consumer prices

The consumer price for sweeteners like sugar is modelled as a function of the GDP
deflator (GDPD,) and the producer price of white sugar (P Py ;):

Log(CPsy,) = a+ Bcpg,cppp - Log(GDPD,)
+ (1 — IBCPSWGDPD) 'Log(PPSW,t) + Repsw

2.3.3 Production

White sugar can be made from sugar cane, which cannot be grown in the UK, and sugar
beet, which can be grown in the UK.

Sugar beet production is modelled in the same way as other arable crops. We explain how
UKAMM models arable crops, including sugar beet, in section 2.1.4.

The amount of white sugar produced from sugar beet (QP.. SBEsyw ¢) is modelled as a
function of sugar beet production (QPspg +), biofuel use of sugar beet (BFsgg +), and the
sugar yield per unit of beet (YLD..SBEgyy ¢):
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QP..SBE g, , = (QPspg — BFspg,) - YLD.. SBEgyy,

White sugar production from raw sugar cane (QP..SURgyy +) is a function of raw cane

imports (IMgyg +) and the conversion factor from cane to sugar (SUR.. Wy, ¢), with a
constraint imposed to reflect the refining industry’s maximum capacity:

QP..SUR = min(CPCsyg, IMsyg; - SUR.. Wsyw 1)

SUwW,t

The overall amount of white sugar produced (QPSUW ¢) is the sum of the white sugar

produced from sugar beet (QP..SBEgyy ) and from raw sugar cane (QP..SURgyy +):

QPsyw: = QP..SBEsyy,: + QP..SURsyw

2.3.4 Consumption

The consumption of white sugar is modelled as a function of the food use of sweeteners
(SWgo +) and a constant (a) to account for non-food uses of sugar:

SWro,¢

QCsyw, =

The food use of sweeteners is modelled a function of their consumer price (CPgyy ),
economic growth (GDPI,), and the population (POP,):

CPsw ¢
LOQ(FOSW,t) = a+ ﬂFOSWCPSW ~Log (GDPD )
t

GDPI,
POP,

+ Brog,Trnp “trend + Rpo sy

+ Brogycopr - LOg ( ) + Log(POP,)
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2.4 Livestock

2.4.1 Producer prices

UKAMM uses prices to clear the UK beef, sheepmeat, pigmeat and poultry markets. When
simulating, UKAMM adjusts prices until the amount produced (QP, ;) and imported (IM_ ;)

equals the amount consumed (QC, ;) and exported (EX_ ;).

This works as all these variables are dependent on price. In the model, this is expressed
algebraically in the same way for beef, sheepmeat, pigmeat and poultry:

PPc,t: 0= Qpc,t + IMc,t - QCc,t - EXc,t

2.4.2 Consumer prices

UKAMM models livestock consumer prices separately to producer prices to differentiate
between price changes for producers and consumers. UKAMM models consumer prices
(CP..) as a function of the GDP deflator (¢DPD,) and the producer price (PP, ;). This
equation has the same form for beef, sheepmeat, pigmeat and poultry:

Log(CP.:) = a+ PBcp,gppp " Log(GDPD,) + (1 - ﬂCPCGDPD) : LOQ(PPc,t) + Repc

2.4.3 Production

To calculate the amount of each meat produced, UKAMM first creates a measure of the
cost’s farmers incur in meat production.

Table 2: Costs of livestock production covered in UKAMM

UKAMM cost index Costs covered

Energy Electricity and fuels

Veterinary costs and other specific
Other tradables livestock costs, machinery and buildings
Non-tradables Contract work, other farming overheads,

depreciation, wages and own work
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UKAMM has indices of various standard types of costs incurred by farmers. It draws on
these to calculate each commodity’s measure of production costs. To calculate costs of
livestock production, UKAMM draws on the indices for energy, non-tradable inputs and
other tradable inputs.

The energy sub-index is affected by world oil prices. The non-tradable input costs are
affected by the domestic GDP deflator. Inflation affects the index for tradable inputs. These
give the following equation for the costs of livestock production:

CPCS..SHEN,; - (XPoiiwidt - XRysar)

CPCI,, =
‘ (XPOil,Wld,ZOOS ’ XRUSA,ZOOS )
CPCS..SHNT,, - GDPD,

GDPDjg05
(CPCS..SHTR.; ) - (GDPDgyn ¢ - XReun,r)

(GDPDEUN,ZOOS ) XREUN,ZOOS)

In this equation:

o C(CPCI,; is the commodity production cost index for commodity ¢ in year t.

e CPCI..SHNT,_, is the share of non-tradable inputs in total production costs.
e CPCI..SHEN_ is the share of energy in total production costs.

e CPCI..SHTR_ is the share of other tradable inputs in total production costs.

UKAMM models the amount of meat produced as a function of the contemporary producer
price, a series of past producer prices (PP, _;), subsidies (EPQ.—;), feed costs (FECI.;_;),
the commodity’s production cost index (CPCI..) and an exogenous trend.

For beef production, UKAMM also accounts for the size of the UK beef herd from the
previous two years and the size of the UK dairy herd from the previous year.
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PPgy: + EPQpgy
Log(QPpv.) = a+ Bopyypeyy LOg( CPClyy
,t

PPgy 1 + EPQpyt—1
CPCIBV,t—l

+ Bopgyppigy - LOG (

PPBV,t—Z + EPQBV,t—Z
+ Boppy.pr2gy - LOg( CPClgy ;>

FECIgy -1
+ Bopgy FEciigy - LOZ <m
FECIgy ¢
+ Borgy FECi2gy * LOG <m

FEClpye—3
+ Bopgy FECizgy * LOY (m
+ Borgy.ciigy Log(Clgyc—1) + Boprgy.cizgy Log(CIBV,t—Z)
+ .BQPBV,CHMK . Log(CIMK,t—l) + [))QPBVTRND -trend + Rgp gy

For sheepmeat, UKAMM calculates the quantity produced by multiplying the number of
sheep slaughtered by the average carcass weight:

QPpr; = CWsy * MKTgy ¢

UKAMM’s more detailed sheepmeat production function models the number of sheep
slaughtered. The production function includes the standard factors in other livestock
sectors’ production functions as well as the previous year’s production (QP,;—; ).

Log(MKTgy,)

PPsy i1 + EPQsp v
= a+ Bopsyrrisy ‘L09< CPClom iy + BopsyFECI1Ry

FECIgy -1 FECIgy -
-Log <m + Bopgy FEcizgy - LOg —CPCISH,t—Z + BopsyoPsus

. LOg(QPSH,t—l) + Bopsytrnp “trend + Rop sy

Chicken production (QPck ) and other poultry production (QP,p.) are modelled by
UKAMM in a similar way to beef and sheepmeat. Production is modelled as a function of
the price, feed costs and production from the previous period:
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PPc ¢ >

Log(QPck.) = Boprcyprey - LOG (CPCIth

FECIyg,
+ BopcxFECing * LOZ TPCl,m,

+ Bopcx.LaG Log(QPCK,t—l) + Rop,ck

PPop,¢ )

Log(QPop,) = Bopopprop * LOY (CPCIth

FECIyg,
CPClpr,

+ Bopyp,LaG LOg(QPOP,t—l) + Rop,op

+ BopoprEciyg - LOG (

Overall poultry production (QPpr ) is the sum of chicken and other poultry production:

QPPT,t = QPCK,t + QPOP,t

For pigmeat, UKAMM calculates the quantity produced by multiplying the number of
animals slaughtered (SLHp ) by the average carcass weight (CWp ):

CWhk e

QPSPK,t = SLHPK,t TOO

UKAMM has a more detailed production function to model the number of pigs slaughtered:

PPPK,t—l
CPClp ey

FECIpk -1
+ Bspgreciyg - LOg (WDH>

+ Bsiu,Lac,_, - LOg (SLHPK,t—l) + Rsiupi

Log(SLHpk:) = @+ Bsiupgpppp 'L09<

In this equation:

PPpg -1
CPCIpg¢-1

FEClpgs_1 . i inflati
——PRE1 s the cost of feed accounting for inflation
GDPD,;_,

e SLHpg, 4 is the number of pigs slaughtered in the previous year.

is the ratio of price to cost of production
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UKAMM models the carcass weight of pigs (CWp ¢) in a similar way to other meat
production as a function of price (PPp .), subsidy (EPQpg ;) and feed costs (FECIp .):

PPpg ¢+ EPQpg ¢
CPClpy, )
FECIpy,
GDPDt)

+ Bewpgrrap “trend + Rew pi

Log(CWpk,) = a+ Bewpy,pPpk 'L09<

+ BewpgrEciyg * LOG (

UKAMM also models livestock inventories, the total number of animals of each species
currently living on UK farms. For pigs and poultry, livestock inventories (LIC,t) are

functions of a constant («), production (QP, ), a trend variable (trend) and a residual
(Ry;) such that:

Log(LIpk,) = a+ Log(QPpk,) + BLipgTrND " trend + Ry pg

Log(Llpr;) = a + LOg(QPPT,t) + BLiprrrND “trend + Ry pr

The total sheep population is the sum of the numbers of ewes and lambs, each of which is
driven by the number of sheep slaughtered that year.

POPSH,t S LISH,t + LMBSH,t
Log(LlIgy,:) = a+ ,BLISHMKTLOQ(MKTSH,t) + Ryish

Log(LMBgy,) = a+ Biupg,mxrLog (MKTSH,t) + Rimssu

The beef cow inventory is a measure of the size of the breeding herd of calving animals for
slaughter. It is calculated using the returns from beef production for the period and the two
preceding periods, the feed costs for the preceding three periods and a lagged variable.
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RETgy ;
Log(Clgy,) = a+ Bcigy RETS, * LOG < )

CPClygy

* Beigy reT15y " LOG <£g+$>
+ Bcigy rET25, * LOZ %;:_22
+ Bcigy FEciig, * LOg %ﬁ;:
+ Bcigy FECizg, * LOZ %ﬁ;:i
+ Betyy ricisgy - LOG %ﬁ::: + Bcigy,Lac -LOQ(CIBV,t—l)

+ Belgy iy Log(CIMK,t—l) + Bcig,trRp " trend + Rep gy

Farmers’ returns from beef production are a function of the producer price (PPgy, ¢),
subsidy (EPQpy +) and the carcass weights (CWgy ¢).

RETgy, = (PPBV,t + EPQBV,t) - CWhgy

See section 3.1 for the discussion on subsidies.
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2.2.4 Consumption

Beef, sheepmeat, pigmeat and poultrymeat are used exclusively as food. In UKAMM, their
total consumption is therefore equal to the quantity demanded from the food market.

UKAMM models the food demand for these four types of meat as a function of economic
GDPI;
POP;

growth ( ) population growth (POP;) and two types of price elasticity.

The price elasticity of demand is a measure of how much consumer demand changes in
response to a given change in price. Cross-price elasticities in this part of UKAMM give a
measure of the extent to which consumer demand for one type of meat changes in

. . CPct
response to changes in the price of other types of meat (m).
t

Beef, sheepmeat, poultry and pigmeat consumption all have the following form — for
brevity we have only included the beef consumption equation:

CPgy
Log(FOBV,t) = a+ Brog,cryy, * LOY (GDPD,)
CPPK,t CPSH,t'
t Progycrpy * L0g (GDPDt) t Progycrsy  Log (GDPDt)

CPpr: GDPI,
+ ﬂFOBVCPPT . LOg (GDPDt) + ﬁFOBVGDPI ’ LOg ( POPt )

+ Log(POP;) + Brog,trnp * trend + Reo gy
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2.5 Dairy

Milk can be used to produce a variety of various products. UKAMM’s modelling of the dairy
sector considers these various interlocking markets. In UKAMM’s model of the dairy
sector, prices adjust until production equals demand for four processed products:

e Dutter

e cheese

e skimmed milk powder
e whole milk powder.

Two components of milk are used in dairy processing to make these products: fats and
non-fat solids. Fats are used to make butter and cheese.

Non-fat solids are more prevalent in skimmed and whole milk powder. After calculating the
demand for each dairy product at market equilibrium, UKAMM calculates what this implies
for the demand for raw milk for processing.

It does this by calculating the amount of fats and non-fat solids required to satisfy the
demand for each product.

2.5.1 Producer prices

UKAMM uses prices to clear the UK markets for butter, cheese, skimmed milk powder and
whole milk powder. When simulating, UKAMM adjusts prices until the amount of each of

these products produced (QPC,,:), imported (IM,,) and stockpiled from the previous year
(ST, .-,) equals the amount consumed (QC, ), exported (EX_.,) and stockpiled for the
following year (ST,).

This works as all these variables are dependent on price. In the model, this is expressed
algebraically:

PPgr;: 0 = QPgrt + IMgr; + STgri—1 — QCpry — EXprt — STprt
PPcy:: 0= QPcyt + IMcyt +STey -1 — QCcnt — EXcue — STent
PPgyp;: 0= QPsyp; + IMgypt + STsyp -1 — QCsmpr — EXsmp,t — STsmp t

PPyyps: 0= QPyuypt + IMyypt + STwmpt-1 — QCwmpe — EXwmp,t — STwmp e
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Having simulated the price and quantity at which these markets are in equilibrium,
UKAMM calculates the implications for the two components of milk used in these different
dairy manufacturing processes:

e fat
e non-fat solids

UKAMM models price of the fat component as a function of the fat content of milk
(FATyx ), the quantity of milk used in manufacturing (MAN,y . ), and the amount of fat

used in the production of dairy products (QP,. - FAT,,):

MAN
PP..FAT,: 0 = <FATMKI : (%))

- (QPBT,t ) FATBT,t) - (QPCH,t ’ FATCH,t)
- (QPSMP,t ’ FATSMP,t) - (QPWMP,t ’ FATWMP,t)
- (QPFDP,t ’ FATFDP,t) - (QPWYP,t ) FATWYP,t)

UKAMM models the price of non-fat solids as a function of the non-fat solids content of
milk (NFSyk ), the milk demand from manufacturing (MAN, ), and the amount of non-
fat solids used in the production of dairy products (QPC,t . NFS):

MAN
PP..NFS,: 0 = (NFSMKI : (%))

- (QPBT,t ) NFSBT,t) - (QPCH,t ) NFSCH,t)
- (QPSMP,t ’ NFSSMP,t) - (QPWMP,t ’ NFSWMP,t)
- (QPFDP,t ) NFSFDP,t) - (QPWYP,t ) NFSWYP,t)

To calculate the price of milk (PPMK,t), UKAMM takes an average of the price of the fat
(PP..FATyy ) and non-fat (PP.. NFSyy ) components. This average is then divided by the
milk margin (MARMK,t), which is based on historical pricing of raw milk compared to the fat
and non-fat components:

(PP..FATyy . - FATyx . + PP..NFSyy - NFSMK’t)>

PP =
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2.5.2 Consumer prices

Butter and cheese consumer prices are modelled separately to producer prices in order to
be able to differentiate between price changes for producers and consumers. Consumer

price (CP, ) is modelled as a function of the GDP deflator (GDPD,) and the producer
price (PP_ ¢):

Log(CPgry) = a+ Bcpyraprp - Log(GDPD,)
+ (1 - ﬁCPBTGDPD) 'LOQ(PPBT,t) + Reppr

Log(CPcy:) = a+ BcpeycprD -Log(GDPD,)
+ (1 - ,BCPCHGDPD) 'Log(PPCH,t) + Repcn

Skimmed and whole milk powder consumer prices are assumed to be equal to the
producer prices:

cpP SMPt = PP SMP,t

cpP WMP,t — PP, WMP,t

2.5.3 Production

Milk production (QPy ;) is calculated as the product of the cow inventory (Cly ¢) and

the milk yield (YLD, ), adjusted for on-farm use of milk:

QPMK,t = [CIMK,t : YLDMK,t] — FUnt

The cow inventory for dairy cows is a function of the price and subsidy in the dairy market
over the current and previous period (PPMK,t + EPIMK,t), the price and subsidy from beef
production for the current period (PPBV,t + EPIBV,t), the feed cost for ruminants over the

current and previous periods (FECIgy ), milk costs of production (CPCIyx . )and a lagged
variable for the cow inventory in the previous year:
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PPy + EPIyy
Clyke = @+ Beryppyy - LOg ( CPClyk
)t

PPyg -1+ EPlyg,t—1
CPCIMK,t—l

+ Beiyxppiyg - L09 (

PPy + EPQpy
+ L : '
Betrpay 09( CPClyx
FEClgy, FEClgy ¢
+ ,BCIMKFECIRU ) LOg (CPCIMK,t> + 'BCIMKFEC”RU ) LOg (CPCIMK,t—l

+ Beiycract Log(Clyke-1) + Rermk

Subsidy discussion and derivation can be found in section 3.1.

Milk’s costs of production are calculated in much the same way as livestock costs, as
an index based on energy costs (CPCI..SHEN_ ;), the cost of non-tradables

(CPCI..SHNT_ ), and other tradable inputs (CPCI..SHTR_ ;). See the livestock
production section 2.4.3 for more details on how these indexes are calculated.

CPCI..SHEN,; - (XPoiwidt - XRysay)

CPCI,, =
‘ (XPOil,Wld,ZOOB : XRUSA,ZOOS )
CPCI..SHNT,, - GDPD,

GDPD. 2008505
(CPCI..SHTR,,) - (GDPDgyy . - XRy.;)

(GDPDEUN,ZOOS ) XRT,ZOOS)

Milk yield (YLDy ¢) is calculated using the milk producer price for the current period
(PPyk +), the feed costs index (FECIgy ¢), and a trend variable (trend):

Log(YLDyg,) = a+ By LDyxPPyk Log(PPMK,t)
+ ByLpyyFECIRy ° Log(FECIRU,t)
+ ByLpyxrrnD “trend + Ryp yk

Butter production is calculated as a function of the relative price between butter and the

.. PP
fat component of milk (ﬂ)'

Pratt
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PPy

Log(QPBT,t) = a+ ﬂQPBTPPBT ) Log <PPFAT t> + RQP,BT

Cheese production is calculated as a function of the relative price between cheese and the

fat (M) and non-fat solid (M) components of milk:
PPERaTt PPNFst
Log(QPcy,.)
PPcy ¢ PPcy,¢
= a+ ﬁQPCHPPCH -Log <PP + [))QPCprch -Log Pp
FAT,t NFS,t

+ Ropcu

Whey powder is a by-product of the cheese manufacturing process, so is therefore a
function of cheese production:

Log(QPwypt) = @+ Boryyporey Log(QPcuyt) + Ropwyp

Skimmed and whole milk powder production is a function of the relative price between the
producer price of the powder and the price of the non-fat solid component of milk:

PPsmp,c)
PPNFS,t

Log(QPsyps) = a+ BopeypPPsyp 'L09<

PPWMP,t)
PPyps

Log(QPwmp:) = @+ BopyuypPPuwmp LOQ(

2.5.4 Consumption

Total milk demand (QCyx ¢) is taken as the sum of the demand for liquid milk (LU ¢)
and the demand from manufacturing (MAN ) ).

QCuk: = LUyg: + MANyg
Liquid use is modelled as depending on population and price:

LOG(LUyg,) = a+ Bry,rryx ’LOQ(PPMK,t) + Log(POPME,t) + Ryy mk

UKAMM calculates the milk used in manufacturing as the liquid milk demand subtracted

from the total milk production, multiplied by a constant, . This constant capture milk lost
through on-farm usage and wastage.

MAN yg ., = (QPMK,t - LUMK,t) ta
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The quantity of butter consumed (QCpr,.) is a function of its own consumer price (CPpr )
and how that compares to the consumer price of vegetable oil (CP,, ) and cheese (CPy ¢).
It is also dependent on economic growth and population.

CPyL; )
GDPD;

CPchy¢
GDPDt) * Pacarcear " L0G (

GDPI,
POP,

Log(QCBT,t) = a+ Bocgrcpy, 'LOQ(

CPBT,t)

+ Pacrcecy  Log ( GDPD,

+ Bocgroppr * LOg ( ) + Log(POP;) + Rocpr

The quantity of cheese consumed is a function of its own consumer price and how that
compares to the consumer price of vegetable oil and butter. It is also dependent on
economic growth.

_ CPchy
Log(QCcuy) = a+ Bocoycrey - LOg CDPD
t
CPBT,t CPFDP,II
+ Pocaucrsr " Log (GDPD) + Paceucrror L0 (GDPDt)
GDPI,

+ Boceycprr - LOG ( ) + Log(POP;:) + Roccu

POP,
The quantity of skimmed milk powder consumed (QCsyp,) is a function of its own
consumer price (CPsyp ), the relative consumer price of whole milk powder (CPy yp ¢),
economic growth, population and an exogenous trend.

CP, SMP,t)

Log(QCsmp,:) = a+ Bocoypcpsyp * LOI (GDPD
t

CPyump.s GDPI;
+ Bocsupcrwme " LOY <—GDth ) + Pacsupcopr - Log ( POP, )

+ LOg(POPt) + ﬁQCSMPTRND ) tT'eTld + RQC,SMP
The quantity of whole milk powder consumed (QCy,yp ) is @ function of its own price, its

relative price with skimmed milk powder, economic growth, population and an exogenous
trend:

CP, WMP,t)
GDPD,

I CPsyp,t I
+ Bocwmpcpsup - LOG GDPD, + Bocympeorr - LOG

+ Log(POP:) + Bocyuprrnp + Rocwmp

Log(QCwmp:) = @+ BocympcPuwmpr 'L09<

GDPQ)
POP,
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3 Market support

Agricultural production, consumption and prices are affected by a wide variety of policy
measures from health standards to landscape plans.

These policies often intervene to correct for market failures where, left to its own devices,
the market would create an outcome with negative environmental or societal
consequences. This could be due to an ‘externality’, such as river pollution or carbon
emissions, where the long term costs are not factored into market prices and so
intervention is required to improve sub-optimal outcomes.

The impacts of many of these policies will be implicit in market prices or have affects on
the agricultural economy not captured by a model like UKAMM.

Subsidies and intervention stocks are two major policies with an impact on UK agricultural
markets that UKAMM does model explicitly. Both are examples of market support policies.

3.1 Subsidies

Farming subsidies are changing

UKAMM'’s subsidy modelling is a simplified approximation of UK farming support as it
stands in February 2021. Over the next few years the government plans to transform the
market support farmers receive, laid out in the ‘Path to Sustainable Farming’ roadmap in
November 2020. UKAMM is a living model. So as the exact shape of the new system is
defined, we will update the model to account of its effects on UK agriculture.

In UKAMM we model subsidies for cereals, beef, sheepmeat and milk endogenously. We
treat subsidies for pork and poultry exogenously and assume they are equal to zero.

UKAMM models government subsidies to agriculture in terms of two different types of
subsidies: coupled and decoupled payments. Coupled payments are subsidies conditional
on how much farmers produce.

Decoupled payments are independent of how much farmers produce. The total subsidy
paid to farmers (SUB4¢ +) is the sum of coupled payments (SUBC; ;) and decoupled

payments (SUBD,; ;) together.
SUB gt = SUBCyg¢ + SUBDyg ¢

We capture the effects that decoupled payments have on production by using coupling
factors, which is the standard approach in partial equilibrium models like UKAMM. The
coupling factor measures the degree to which the single payment can be treated as a
coupled payment.
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The single farm payment is the means by which the government pays out agricultural
subsidies. The decoupled payment received in each sector (EPA. ;) is equal to the single
farm payment (SFP,.) multiplied by the coupling factor (SFP..CF.,). This is described in
following equation for cereals, which is similar to equations for beef, sheepmeat and milk:

EPA;g, = SFP,;, - SFP..CFyg,

For cereal crops, the decoupled payments are calculated on a sector basis while different
coupled payment amounts are calculated for each crop.

The decoupled payments for individual crops (EPA.,) are the sum of the coupled
payments (EPA..DP,,) and decoupled payments (EPA4g ). Coupled payments in the
arable sector are assumed to be zero. This gives the following equation for wheat, barley,
oats, rapeseed and sugar beet:

EPA., = EPA,;, + EPA..DP,,

These decoupled payments in the different sectors feed into production functions and
livestock inventories — this can be seen in the different commodity sections earlier in this
documentation.

UKAMM'’s subsidy model at present follows the structure the UK inherited from the
European Union’s Common Agricultural Policy (CAP). Under this policy there are two
‘pillars’ of payments. Pillar 1 payments provide direct income support to farmers. Pillar 2
payments support a broader range of rural development goals including sustainability,
competitiveness and regional employment balance.

Pillar 1 payments (P1.. FI.. GBP 4 ) are equal to the Pillar 1 ceiling set by the EU in
euros (P1..Fl; ) multiplied by the pound-euro exchange rate (XR g ¢):

P1..FI..GBP,g; = P1..Flyg: - XRyg,:

Pillar 2 payments (P2.. FI.. GBP,; ;) are equal to the Pillar 2 ceiling set by the EU in
euros (P2.. Fl,; ;) multiplied by the pound-euro exchange rate (XR g ¢):

P2..Fl..GBPyg: = P2..Flpg¢ - XRyg:

The Pillar 1 and 2 payments feed into the agricultural single farm payment. The latter is a
function of the decoupled section of Pillar 1 payments (SUBD,; ; — P2..Flys ), and the

amount of land eligible to receive single farm payments (AHg 4 ¢):

(SUBDG+ — P2..Flyg,)
AHgy, - 1000

SFPAG,t =
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The decoupled payments (SUBD, ;) are equal to the decoupled part of Pillar 1 payments
(P1..FI..GBPyg — SUBCyg ) plus Pillar 2 payments (P2.. FI..GBPyg ;):

SUBD ¢, = (P1..FI..GBP,;, — SUBCs5;) + P2..FI..GBP,;,

3.2 Intervention stocks

UKAMM includes provision for intervention stocks. The logic of this policy is that if the
price of a commodity gets too low, the government would purchase stocks of the
commodity in order to increase demand and stabilise the price. The intervention price acts
as a floor price in the model.

Intervention stock equations are included in UKAMM for wheat, skimmed milk powder and
butter. Intervention stocks (ISTC,t) are a function of the amount that producer prices have

fallen below the intervention price (SP..GBP.; — PP.;), and a constant (ISTC ;). If
producer prices are not below the intervention price, intervention stocks are not triggered.

ISTWTS,t == lf PPWTS,t > SP . GBPWTS,t
= then 0

= else ((SP . GBPWTS,t - PPWTS,t) * ISTCWTS,L‘)

ISTSMP,t == lf PPSMP,t > SP . GBPSMP,I,'
= then 0

= else ((SP . GBPSMP,t - PPSMP,t) : ISTCSMP,t)

ISTgy, = IF PPgy > SP..GBPgr;
= then 0

= else ((SP..GBPgr¢ — PPsr) - ISTCpr)

In the model, the intervention price is currently determined at the EU level, so the UK
intervention price (SP.. GBP_ ;) is simply the EU intervention price (SPgyn wrs.t)

multiplied by the exchange rate (XREgyp ). This may change now the UK has left the EU
as the choice of intervention price and the wider policy is a UK policy decision.

SP..GBPyrs: = SPeynwrst - XReun ¢
SP..GBPgsyp; = SPgynsmp,t " XRgunt

SP.. GBPBT,t = SPEUN,BT,t 'XREUN,t

47



4 Trade

UKAMM is a three-country model, aggregating the UK’s trading partners into two blocs:
the European Union (EU) and the rest of the world (RoW). Each sector includes a
standard set of equations describing imports and exports between the UK and these two
blocs.

It should be noted that the model makes the simplifying assumption that the UK has no
market power in affecting world prices. Whilst a restrictive assumption, this allows for
foreign prices (producer prices in the EU and the rest of the world) to be inputted
exogenously into the model.

4.1 Imports

Imports (IM, ;) are the sum of imports from the EU (IM.. EU_.) and imports from the rest
of the world (IM..WLD, ;). The example equations are the beef (BV) trade equations:

IMgy, = IM..EUgy, + IM..WLDg,,

Imports from the EU (IM.. EU_ . ) are functions of the relative domestic producer price
(PP, ;) and the import price from the EU (IMP..EU_ ,):

PP
Log(IM..EUgy;) = a+ By gugyprgy, - LOG <¢> + Rim.Eu BV

IMP.EUgy ¢

Similarly, imports from the rest of the world are functions of the relative domestic producer
price (PP, .) and the import price form the international market (IMP..WLD,.):

PP
Log(IM.. WLDgy,) = a+ Bim.wirpg,ppg, * LOg ($> + Rim.wip,Bv

IMP.WLDpy ¢

The import price from the EU is a function of the EU internal market price (PP, g15,.) and
any import tariff applied (TAVI..EU.):

TAVI.. EUBV,t>

IMP..EUpgy = PPayprse - XReywe - (14—

The import price from the international market is similarly a function of the world reference
price, converted to sterling, and any import tariffs that may have been applied.

TAVI.. WLDBV,t>

IMP..WLDBV’t = PPBV,WLD,t .XRUSA,I' ) (1 + 100
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4.1.1 Tariffs

There are three types of tariff. Ad valorem tariffs charge a percentage on the value of
imports. Specific tariffs charge a fixed fee per unit imported — a number of pounds per
tonne, for example. Compound tariffs combine both, charging both a percentage of the
value and additionally a fixed fee per unit.

In many of UKAMM'’s equations, specific and compound tariffs get recalculated as ad
valorem equivalent tariff rates. If prices vary year to year, the ad valorem equivalent of a
specific tariff will vary too: if the fixed fee stays the same but price falls, it will be a bigger
percentage of the overall post-tariff import cost.

UKAMM converts specific tariffs into ad valorem equivalents by converting their import
price into sterling and dividing the specific tariff by this per unit price. This calculates how
big the specific import tariff is as a proportion of the current overseas producer price
(multiplying by 100 to represent this as a percentage). So, for butter, the in-quota tariff ad
valorem equivalent is given by:

VL 10, Wip. — (TSP1QWLDsr\
.. Q . BTt — XRUSA,t : PPBT,WLD,t

49



Table 6: Livestock Import Tariff Lines

Commodity

Combined Nomenclature
Tariff Code

Beef and Veal 0201 30 00 Meat of bovine animals, fresh or
chilled, boneless

Sheep 0204 42 90 Meat of sheep and goats,
frozen, other cuts with bone in

Pork 0203 29 55 Meat of swine, frozen, boneless

Poultry 16 02 3219 Prepared or preserved chicken
meat

Butter 0405 10 19 Butter

Cheese 0406 90 21 Cheddar

Skimmed Milk Powder

0402 21 9100

Whole Milk Powder

0402 21 9100

Wheat 10 01 99 00 Common wheat, spelt and
muslin grains

Barley 10 03 90 00 Barley grains

Maize 10 05 90 00 Maize grains

Other Cereals 10 07 90 00 Grain sorghum

Raw Cane Sugar 17011310 Cane sugar, for refining

170114 10 Other cane sugar, for refining
White Sugar 17 0199 10 White Sugar
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4.1.2 Tariff rate quotas

For some products, the UK allows a certain volume of imports at one tariff then charges a
higher tariff on any imports outside of this quota. This type of policy is called a tariff rate
quota.

Cereals and dried milk powders, for example, have tariff rate quotas. If imports from world
markets are below their respective quotas (IM..WLD..TRQ. ), then only the in-quota

tariff is levied (TAVI..1Q..WLD, ). If imports exceed the respective TRQs, then the
higher, out-of-quota tariff is levied (TAVI..WLD, ;).

For cereals and milk powders, these tariffs are ad valorem tariffs and are inputted
exogenously into the model. UKAMM'’s equation for the import price for cereals or milk
powders from outside the EU is therefore:

IMP..WLD,, = if IM..WLD,, < IM..WLD..TRQ,)
TAVI..IQ..WLD,,
100 ))
TAVI.. WLDC,t>>

= then <PPC,WLD,t ¢ XRUSA,t ¢ (1 +

= else <PPC,WLD,t " XRysar - (1 100

This type of equation, with discrete limits at which the results drastically change, are
known as discontinuous functions. Discontinuous functions in mathematical models can
cause problems as they often allow for multiple solutions. So, while the more realistic
equation above represents the tariff rate quotas for cereals and milk powders, a smoother
function is used in UKAMM'’s meat, cheese and dairy sectors.

For meat, cheese and dairy tariff rates quotas, UKAMM treats the effective tariff rate as
increasing exponentially as imports increase towards the quota before stabilising close to
the out-of-quota tariff rate.

Import tariffs for meat, cheese and butter are therefore dependent on the in-quota tariff
(TAVI..IQ..WLD,,), the amount of imports from the rest of the world (IM..WLD, ),

the quota size (IM..WLD..TRQ..), the ad valorem component of the out-of-quota tariff
(aravi.wip,,): the specific component of the out-of-quota tariff (TSP.. WLD, ;), and the

world reference price in sterling (PPyp ¢t * XRysat)-

The following beef smoothed TRQ equation is replicated for sheepmeat, poultry, pigmeat,
cheese and butter:

TSP..WLDgy ,
TAVI . WLDBV,t S TAVI . IQ . WLDBV,t + yBV,t - aTAVI..WLDBVt + ’ - 100
' PPyipve " XRysat
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IM.WLD —-IM.WLD.TR
min{o, BVt QBV,t}_lO

e IM.WLD.TRQpgy

Whereby ygy, =

1 |IM.WLDgy 1—IM.WLD.TRQpy | 10
1+4e IM.WLD.TRQpy ¢

For clarity, the scaling factor that smooths the transition between in-quota and out-of-quota
tariffs is denoted y. » and then detailed separately.

4.2 Exports

UKAMM models UK exports to the EU and UK exports to the rest of the world separately.
Total UK exports (EX, ;) are the sum of these separate simulations of exports to the EU

(EX..EU_.), and exports to the rest of the world (EX.. WLD,,).
EXpys = EX..EUgy: + EX..WLDgy

UKAMM assumes exports to the EU (EX..EU, ;) to be functions of the relative domestic
producer (PP, ;) and the export price to the EU (EXP..EU.):

PPc;

_PPet ) 4R
EXP..EUC_t) EX.EU,c

Log(EX..EU.;) = a + Pgx.gu.pp, - LOg (

UKAMM models exports to the rest of the world in a similar way, assuming them to be
functions of the relative domestic producer (PP ;) and the export price to the international

market (EXP..WLD,.).

PP

————]+R
EXP..WLDC_t) EX.WLD,c

Log(EX..WLD.;) = a+ Bex.wip.pp, - LOg (

UKAMM calculates the export price to the EU market as a function of the European
producer price (PP, g15,.) and any export tariff imposed on the UK’s exports (inputted as
negative ad valorem equivalents, TAVE..EU,,):

TAVE.. EUC,t>

EXP..EUC’t == PPC,ElS,t : XREUN,(I . (1 + 100

UKAMM calculates the world export price as a function of the producer price and any
export tariffs imposed on UK exports (TAVE..WLD, .):

TAVE.. WLDC,t>

EXP..WLDC’t = PPC,WLD,t . XRUSA,t . (1 + 100
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4.3 Sugar Trade

UKAMM models trade in sugar differently to other sectors. Sugar imports and exports are
split into raw and white sugar, rather than into EU and non-EU categories. Imports are the
only source of raw sugar cane into the UK’s domestic market as there is no domestic
production. These imports are a function of the margin of refining cane into white sugar:

Log(IMSUR,t) = a

PPsyw,¢ >

+ L
ﬂIMSURPPSUW °9 <(0.5 . IMpsUR,t) + (0'5 . IMPSUR't_l)

+ Ry sur

The import price is equal to the world reference price for raw sugar cane (XPSUR’WLDI),
plus any additional tariff (TAV Isyp .):

TAVISURI>
100

IMPgygr: = XPsyrwip,t * XRysay - (1 +

Historically the UK and the EU have accepted sugar imports at a lower tariff rate from a
group of 19 African, Caribbean and Pacific ((ACP’) countries. For this reason, UKAMM
models the ‘tariff’ on raw sugar imports as a function of the price gap between the world
reference price of raw sugar cane and the ACP producer price, to reflect the additional
cost of sourcing from these preferential suppliers:

ACP..PGgyg,
XREUN,t

XPSUR,t

-100

TAVISUR,t ==

UKAMM models white sugar exports as a function of the relative producer (PPsy,,) and
export prices(EXPsyy ):

PPSUW,t

— " )+ R
EXPSUWI) EX,SUW

Log(EXSUW,t) = a+ ﬁEXSUWPPSUW ) LOg(

Similarly, UKAMM models white sugar imports as a function of the relative producer and
import prices(IMPgyy,):

PPSUW,t

—"2 |+ R
IMPSUW,t> IM,SUW

Log(IMSUW,t) = a+ ﬁIMSUWPPSUW ) Log<

UKAMM assumes export and import prices to be equal to the European producer prices,
plus respective export and import tariffs:
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EXPSUW,t = PPSUW,ElS,t ) XREUN,t : (1 +

IMPSUW,t = PPSUW,ElS,t ) XREUN,t : (1 +

TAVE 5UW’t>

100

TAVISUW,t)

100
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A note of thanks

There is a very long list of Defra colleagues we would like to thank for their support
building this model, but this concluding section is not about us. This is a section to thank
those of you beyond Defra’s metaphorical four walls who have read this far, engaging in
depth with the way we conduct our analysis.

Independent scrutiny is vital to robust analysis in government. The public discussion and
debate surrounding every report, statistic and assessment we publish aids our analysis,
improving how we do things next time around.

Past public conversations will find their reflection in UKAMM and we hope this
documentation sparks more conversation still.

Your views, comments and suggestions on our approach are exactly what we have put out
this document to seek. We would also value your views on ways we could improve this
document to aid comprehension and transparency.

You can email us at; trademodels@defra.gov.uk

About the team

Defra’s Trade Modelling team works with a diverse range of macroeconomic and
microeconomic modelling approaches including general equilibrium models, gravity
models and partial equilibrium models like UKAMM and Aglink-Cosimo.

We contribute these models’ insights to the holistic analysis of the diverse group of
economists, social researchers, statisticians and operational researchers that make up
Defra’s wider International Trade Analysis division.

This rounded analytical approach is a critical part of Defra’s policy cycle in the trade
sphere and beyond.
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