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Retail Food Price Modelling Project

Executive Summary

This research was undertaken on behabeffraunderlnvitation to Tender Number 24580 provide

further research into modelling UK retail food price inflation. It follows from previcasiymissioned

work on retail food inflation deliveredo Defrain November 2011 comprising the majority of the
current esearch team. In the previous research, the team developed an econometric model to estimate
the impact of world commodity prices on UK food inflation while accounting for a range of wider
factors that may impact on world and domestic retail food pricesaare specifically, the magnitude

of the worldretail price transmission effects. dlestimates from the model were thesed to forecast

the impact of developments on world commodity markets as well as other factors influencing price
transmission such &xchange rates and oil prices UK retail food inflation

The context for thereviousresearch on forecasting retail food inflation in the UK was the exposure to
shocks emanating from world markets, O00R20G8Bar ti cu
and 2011. This was a period of considerable price volatility on world nsankedlving not only

agricultural commodities bulso oil, both of which were reflected in volatile domestic retail food

inflation. The issue of high and volatile foodlation was not confined to the UK, though the experience

of food inflation in the UK was moriatense than imanyother European UniofEU) countries Since

then, however, the challenges facing the UK food system and the exposure of UK consumers to these
challenges have changed, particularly followingthk ddecision to exit the European Union. Given

the uncertainty that wi l fromidhe EWandvhe range df aliemmatie h e UK
trading arrangements that may replace the currerg tiegime, it is desirable to renew the effort in
understanding how the UK food sector (from the farm level through to final consumers) will be affected

by these new trade arrangements.

To address these issues, the framework initially conceived and ddlivader the previous research
contract had to be significantly revised. In addition to accommodating more recent data in the
econometric model, an innovative feature of the revised food inflation model is the creation of new
price indicego reflect spedically what the UK imports and from where. Employing a readihilable

world commaodity price index, as doirethe previougesearch, is not fit for this specific purpdse

two reasons. Firsis a portmanteau measure of prices on world commodityetsgtidoes not reflect

the price of what the UK actually imports. Specifically, it igndfestthe UK purchasea significant
guantity ofits food and agricultural products from tB& which aresubject to thé& U G&c@mmon trade

policy and hence pricesiffer from those on world marketsSecondsince theU K 6esit from the
European Unionis likely to involve fundamentalchangs to internationaltrade measures with
potentially both E) and norREU countries import prices are likely to change. Hendewill be
necessary to reflect agricultural and food import prices from different sources, inctiidinges tany

tariff and nontariff measures that are appli¢eurthermore, changes to theograpital source ofJK

food importswill also hae implications br otherdataseries that impact on domestic food prices, most
obviously exchange rates. In particular, it necessittite creation ofin effective exchange ratbat
reflects the composition @fgricultural and food trade that is potentially differeonfrthat applicable

in the past.

These newlhcreated agriculturaiood price and appropriatelyeighted effective exchange rate indices

form key inputs into the revised framework. There are also a number of other new features to the current
research. In pécular, since a large part of h e  &pKclwral and food trade relates to processed
food products, we create bespoke price indices that reéflecimportance of products produced at



different stages of the food chapecifically, we develop modethat are based on (a) pricend
effective exchange rateg) agricultural commodiesonly and (b) a model that includes processed
manufacturedfood as well as raw agricultural commodity prices and the appropriately weighted

exchange ratedVhile the @ll-producémodel isourpr i mar y f oc u sgnlydimbdeliséagr i c

useful because facilitatesa direct comparison of Ukmport prices withthe prices of agricultural
products on internati@h markes. The distinction is important withimplications for food price
transmission in the UK.

In this reportwe present the results and insights from this new resestteln.settingout the context
and objectives of the curreptoject we present an update to the previous food price inflation model

(whi ch weeftaldbhewi 6 h more recent d&dlavingthiswemesents s it s

the derivation of the new price and effective exchange rate indices which form the main new inputs into
the revised modihg (I a b e Defradl@. It should be noted that, due to the nature ohéhedata we

are working withand the intention of differentiating between trade with EU and&ldrrountriesthe
specification ofthe Defra Il econometric modetliffers from the Defra | specification After an
explanation of its structure, estimates of the new model are presEméaeksults frm the econometric

model confirmthe important role played lomestic factors (includingon-agricultural costs (such as
labour and energyand domestic agriculturautput prices) as well as international factors (import
pricesand exchange rateim determining UKretail food inflation

A major output of the project is the creation of a bespoke Ebastd modelling tool referred to as the
6Scenari o Tolonf |ESEpenhis t6Obusethe econometrioutputsdeveloped in

Defrall to deliver estimatedeffects ofalternative posU exit tradescenarios on retail food prices.
STEFIis useffriendly and fas been developed specifically for use witbefrato calculate the dynamic
effects of a wide range stenarios with the option to builth sequentially the effects in combination

with factors such as netariff barriers and exchange ratémally, in the last two sections of the report,
resultsof two special studies are presented. The first isaaysis ofretail food price inflation for
different income deciles of the UK population. The second investigates whether the entry of discounters
into the UK retail food sector since 2010 may have altéretransmission of agricultural and processed
food prices.Our investigation of these issues are tentative in nature and suggest the need for further
research to identify the impact of new trade arrangements on different income groups and how the
changingstructure of the food sector may impact on the transmission of prices through the food supply
chain to retail.

Taken together, the revised retail food inflation maithalt is contained in this reporepresentsa
substantialdevelopmenbf previousmodeling and provides Defra with the flexibility to assess the
retail food price effects that may come about
change and trade arrangements with-Banopean Union countries develop.



Retail Food Price Modeling Project

1. Context and Objectives of Current Research

Context

Around 40 per cent of UK food and agricultural supply is currently imported and EU partners account
for around 70 per cent of trade in this secidris would imply thathe postBrexit implications of
changes in the pattern of trade and the changes in the structure of trade policy are likely to have
significant effects on participants throughout the food supply chain from farmers through tostetailer
Consumers, particularly those in lamcome categories who spend a large proportion of their income

on food, will be directly affected by the cost changes that may arise. As the experience of the world
commodity price shocks of 202008 and 2011 illustrated, the UK was particularly exposeddntsv

on world markets giving rise to levels and volatility of retail food price inflation that was higher than in
most other EU Member States (Llogd al, 2015): exposure to world market events may increase
contingent on podBrexit trade arrangements.

As reportecelsewhere (e.g. HM Treasury Report (2016) and (201t&)potential impact of Brexit on

the UK economy could be significant. The most recent Treasury assessment (HM Treasury, 2018)
indicates that agifiood trade will be one of the sectors mast f ect ed by the UKG6s de
EU: for example, with thémodelled White Paper option, economic activity in the doid sector

would fall by 2 per cent, which compares with the results for the manufacturing se€@dr pér cent.

While the tade models used for these estimates account for both imports and exports, the research
reported here complements these estimates by focussing more on issues related to the drivers of retail
food prices in the UK and the potential effect on food inflatgpecifically, the overiding aim of the

research is the development of a tihait will facilitatethe assessment pbtentialchanges in UK trade
arrangementwith the EU and nofEU countrieon retail food inflation

Underpinning thelevelopment of thitool to address the food price outcomes of alterngatdgtBrexit
saenariods an econometric framework that: (i) accounts for a range of factors that determine retail food
pricesincluding a range of macroeconomic factors such as exchange rates, dabtmetc (i)
accommodates the appropriate time series properties of the data and; (iii) accounts for the dynamic
nature of the determinants m&tail food prices.

Addressing the potential impact pbstBrexit trading arrangementsn UK retail food pries also
requires the derivation of detailed price indic:
food and agricultural products covering: (i) what food and agricultural products we buy and from where;

(i) that these price indices are dexiv at an appropriatelgisaggregated level to facilitate the
incorporation of changes to tariff and rtamiff measures urat alternativepostBrexit scenariosand

(iii) reflecting the importance of exchange rates to UKdfead agricultural trade, therdeation of an

effective exchange ratedexthat is weighted by what we import and from where.

An important dimension of this new research is to acknowledge that a considerable propdh&on of

UK 6 s i argneamtorsfully-processed food, with tHeuropean Union accounting for the majority

of theseimports. Data on price indices that reflect the specific nature of what form of food and
agricultural products the UK imports (from raw commodities through to-pribgessed food) and

which reflect thegogr aphy of the UK&és sourcing of these
constructed. In sum, to deliver an appropriate frameworksaedariemodellingtool to assess the



potential impact ohew trade armagements followinddrexit requires derivingew price and exchange
rate indices that can be incorporate@mappropriatehgpecifiedeconometrianodel.

Main Objectives
In the context set out above, the overarching objectives of this research are as follows:

1 Since the original food price forecasli model(delivered by the research team and used by
Defra) is not sufficiently equipped to address a range of Breddtted issues, the research

involves the creation of new price indices r
products with prticular reference to imports of serand final processed foods with sufficient
geographical aggregation to accommodate the

agricultural and food imports. In this context, the newly developed price indiceformilla

major input into the updated econometric model that can therefore be employed to address the
potenti al price i mpacts f ol dndbesuffigently etiletl K6 s d
to derive estimates of the price effects as the UK seeksative trading arrangements.

1 To develop appropriate econometric models of retail food prices based on sound theoretical
foundations that can be employed to address the potential impact on UK food prices under
variouspostBrexit scenarios. This econotrie model will be a significant extension of the
model previously developed by the team and which was based on a previous commission from
Defra and subsequently published in a leading peeiewed journal (Davidsoet al,, 2016).

The new specificationrses from the specific challenges in addressing potential Bedatied
outcomes on UK food prices as detailed in bhgitation to Tenderdocument (Reference
24580). The new model also exploits the neddyived import price and effective exchange
rateindices.

1 The cevelopment of an Eoelbased tool (the Scenario Tool Exeter Food Inflat®FEF) that
can be employed to address Breawiated options as reflected in changes in the price indices
(reflecting changing sources of imports and trade bartleat may apply) to assess potential
future paths of UK retail food prices. The purpose of this food mosmariemodelling
platform is to equip potential nespecialists with the means to address alternative future trade
scenarios in a readidgmenabldorm that will not require specific econometric expertise
programming skillsThe foodprice platform willsimply requirethe user tapecifyalternative
trade scenarios andny trade barriersthat arise fromthe geography of future trade
arrangements.

1 To explore potential extensions of the econometric framework to account for food price
impacts across different income deciles and the extent to which price relationships may have
changed following the increased presence of discounters in the foodeetai since 2010.

2. Relation to Previous Research

As discussed above, the development of the original retail food inflation model in 2011 (which we

| abebDefralds) &centred around i ssues relating to vol
these gents could impact on the UK food sector and, in particular, on retail food inflation. The
purpose of that research was to develop an economeidelthat would be used to estimaisce
transmissiorcoefficients that measure the effectdmmestic retdifood pricesof changes in world



markets while accounting for other factors that may also affect doméstid inflation. This
econometric modelasused tdforecastretail food pricesor different scenarios dhe underlying
determining variables.

The Defral model comprised a system of seven equations: one equation for food prices and each
of its determining factors (such as agricultural input costs, exchangetalesd was estimated
with monthly data from January 1990 to December 2010.

In Figure 1, we present a summary of the underlyiaglongrun) structure of thédefral model.

As shown in the figurethe model containsvo separatéong-run relations(represented by orange

and red boxesEach represents an underlying economic equilibrhahis embedded in the overall
model The firstis the price transmission relation that defitles factors that affect retail prices in

the UK. Theseare primarily domestic in nature and reflect influences on the demand for food
(unemployment) and otheosts that may impact on the functioning loé food chaing.g.labour
costs).Influences from the world marketre alsoincluded most obviously, world commodity

prices but also exchange rates since, with world commodity prices being denominated ilatdS dol
changes in the value of sterling relative to the US dollar could also have a clear impact on domestic
retail food prices.

Domestic agcultural pricesareincluded in theoverall model butdo notexplicitly appear in the
price transmission relatioilustrated in the figureThis is not because they are unimpartaut
becaus¢hey share the saneng-termtrendas international commodity prices. This meansftirat
practical purposes, onigternationadomestigpricesare requiredo predict thdong-runevolution
of retail food pricesDomestic agricultural prices are however used to predict-tdrontfood prices
since their monton-month behaviour is different that ofworld agricultural prices.

Given the concerns associated with the linksveen high world oil prices and world agricultural
prices world oil pricesare also includeth the econometric modeOil price impacs both on the
level and volatility of world food priceswing to the reliance on oil ithe agricultual sectorand
beauwse of the link with biofuelslo incorporate oiprices wethereforedefine a second equilibrium
relationbetweerinternationalgriculturalcommodity prices and the price of diath of which are
expressed in US dollars), implying that the effect opditesin the models mediated through the
international commadity prices, as illustrated in Figure 1.



Figure 1: Schematic Outlineof the Defra | Price Transmission Model

Retail Food
Prices

Domestic
Manufacturing
(labour) sts

A

Exchange Rate

Dollar World
Agricultural
Commodity Prices

—

Commodity markets

Dollar World Price
of Oill

In technical termsthe econometric modéd a cointegrated vector autegression estiated in error
correction form in which the two long run (ceintegrating) relationsdescribed abovdi.e. those
governing price transmission and linkages between international commattitets)are embedded
(see Davidsoret al 2016 for details).Models of this sort exploit the time series properties of the data
andefficiently accommodate dynamic behavidunportantly, the céntegrating propertgives rise to
models whose parameterseamore accurate than in the relard case andeadily facilitates the

Domestic Bmand
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estimation ofhort and longun economic relationshigeom time series data

A summary of the key price transmission elasticities obtained frorDe¢fra| model (19962011)is
presented in Table 1. Each coefficient representedtimmateceventualeffecton food priceof a 1%

changen each variablgholding the other variablenstant. For example, the transmission elagticit

of world commaodity pricef).622)indicates that 4% increase in world commodity prices (as measured
by the FAO World Food Price Index) would lead to an eventual increds82@P6 in UK food prices

(as measured by the Food CPI) other things remaining conStiaen that it is usual to express the

1 A co-integrating elation represents the statistical counterpart of glwenomicequilibrium (or dong-rund

relation) discussed in the main text (and illustrated in Figure 1). Eactteggrating relation contains parameters
(estimated from the data) that measure the egehtu o r

Defra |, there are two such lomgn relations, one characterising price transmission and the other the relation

60l ong

between (dollar denominated) international commodity prices.
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effed of a 10% change rather than a 1% change, this implies that a 10% increase in world commodity
prices is estimated to lead to an eventual 6.2% increase in UK food prices, other factors in the model
held constantAs the estimates in the table indicate tbtail price of food was most responsive during

the sample period to changes in the world commodity prices, the price of oil and the exchange rate.
Responses reported in the table are based on relationships that are statistically significant at the 5%
level with the exception of the demand proxy (unemployment), the significance of which was more
marginal (15% level).

Table 1. Summary of Transmission Coefficients fromDefra |
(Eventualpercentageeffect on UK food prices of a 1% elnge)

Determining Variable Long-Run Elasticity
World Commodity Prices 0.622***
Exchange Rate -0.496***
Manufacturing Costs 0.270**
Unemployment -0.146

World Oil Prices 0.635***

6*6s de n oence atthe 39 par cbnt lewarld
6** 6 conf 95¢er centevelrdspettively

3. Updating the Defra | Model

The first key objective of the current project was to update the data uBedral and to rerun the

model withthe samespecification. This was conducted to give an indication of the performance of the
model and whether the nature of the determinants of UK retail food prices had changed over time.
Moreover, since 2011, concerns with commodity @rpikes have subsided and world commodity
prices have fallen significantly. It is also likely to be the case that the strong linkage between the world
price of oil and commodity prices had weakened compared with the late 2000s. In the initial stages of
this project, we thereforepdated the data usedefral to June 2016 and estimated the model with

the identical specificationsingmonthly data from 199Q016; the updated transmission elasticities are
presented in Table 2 along with the previous edémprovided for comparison.



Table 2: Summary of Transmission Coefficients: UpdatingDefra |
(Eventual percentage effect on UK food prices of a 1% change)

Determining Variable Long-Run Elasticity Long-Run Elasticity

Defra | Updated Defra |
1990(1)i 2010(12) 1990(1)i 2016(6)

World Commodity Prices 0.622%** 0.411***
Exchange Rate -0.496*** ~0.288%*
Manufacturing Costs 0.270** 0.380***
Unemployment -0.146 0.019

World Oil Prices 0.635*** 0.513***

0*6s denote confidenand at the 99 per cent

6** & c onf 95¢ar cent evalaspectiveilye

Overall, the drivers of retail food prices continue to hold though the estimates of the $somi
elasticities have changed in most caf®es.exampleusing more recent dathe estimates imply that a

10% change in world commodity prices leads to an eventual increase in UK food prices of 4.11%,
keeping other factors fixedpwn from 6.22%estimded in the earlier periodReferring to the estimates

in the table it is clear thatviables that relate to international factors (world commodity prices, world

oil prices and the exchange rate) have all decreased in terms of their direct influenceebailJéod

prices. Transmission of domestic manufacturing costs has increased while the impact of demand factors
(i.e. unemploymentgontinued to be an insignificant determinant of retail fpdde Specifically, the
estimates imply that a 10% increasenanufacturing costs leads to a 3.8% rise in UK food prices, other
factors held constant, up from 2.7% estimated in the earlier period, while the response to changes in
unemploymenis effectivdy zero.

The changes in the relative importance of domestiapared with international factors on retail food
pricesis likely to reflectthe changes in world markets since 2011. The commodity price spikes in world
food marketghat characterise the earlier periadlected a confluence of factors ranging frorw lo
stocks, weather variations, potential spillovers from financial markets and the responses of governments
across many countries through the use of trade policy to ensure domestic price stability. Furthermore,
world oil prices were a major factor in deténing food prices, both domestically and internationally,
partly because oil prices impacted on the cost of inputs but also with regard to the relationship between
oil pricesandtheamount ofand used for biofuels. To a large extent, these factors lmavelissipated:

world commodity prices araow lower and, given the decline in world oil prices, the strong links
between biofuels and oil are less of a concern.

Accounting for the changes in the responsiveness to domestic factors is more difficultdiotpinp
however as both domestic factorgunemployment and manufacturing costsg consistent with
changing patterns of food consumption. Specifically rideein the importance of manufacturing costs
may reflect consumerdnds towards more processed foddsthe shopping basket, while the lack of
any discernible effect from unemployment could be the resthecdmergence of hard discounters and
the competitive response of established retailers more generally



Taken together, the results reported in €ablare consistent with international factors having less
importance on retail food pric@srecent years, an unsurprising result given the absence of commodity
price spikes in the post 2011 dakiote however thathe statistical significance of the intational
factors is still strong (all international factors are significant at the 1 per cent $evéiat it is the
magnitude rather than the existence that has changed in recent years

Looking ahead at the results from the new food inflation modeduwtiene below, the relative role of
domestic compared to international factors is also apparent. In the revised specification,-tba long
elasticities relatingo domestic variables domindtee role of import prices. This is consistent with the
resultsfor the update®efral model: international factors areportant determinants of UK retail food
prices but their relative importance compared with domestic factors have declined in the context of less
volatile global markets.

4. Specification of the Revisedodel

The Defral model and its updated version is therefore a useful toadeessing the effects sfiocks
emanating from world market&/hich was its original purposelowever,to addres$ssues associated
with the UKOs dep a mibnandaltefnatieenmade drrangeihentsahpt enayremedge
it is less directly useful. This is because, as noted alb@ieg an indicator of commodity prices on
world markets, thevorld commodity pricéndex that is used iDefral doesnot adequately capteithe
composition ad origin of thefood and agricultural products the UK actually impovhat is required

is aseries that measures UK import prices more accuraelyits creationrepresentone of the
principalinputs into the revised modéh addtion, we also aim to extend the modelling framework to
accommodate imports of semand highlyprocessed foods (rather thahe raw unprocessed
commoditesmneasur es by the FAOG6s WiabDdfral) asthey accounhfdrax t ha
significantproportion of UK imports, particularly from the European Union. We detail the derivation
of these new price indices Appendix 2.

In specifying the new model, we retain the econometric approach adofded&l, namely the co

integrated vector autoreggsive (EVAR) framework Furthermoreas previouslywe also specifywo

long-run (co-integrating relations: onalefining price transmissiothat relates to the domestic food

chain and accounts for a range of costs that processors/retailers would e in addition to the

price of food importsand a secondone thatcharacterises the relationships between domestic
agricultural prices and how they are tied to int
main sources of agricultural afmbod imports and (effective) exchange rates. An outline of the model
specifcation is detailed in Figure.2

In much the same way ashefral, the price transmission (green) box details the factors that determine
domestic retail prices. These repreghatcosts associated with the production of retail food and include
domestic agricultural prices, the price index of agricultural and processed food imports, and two
components of costs in UK manufacturing, namely labour andatmur (fuel and raw matexis).

Note that both domestic and international prices appear in this relation. This is because they potentially

2 Notethatin the empirical analysis we have two variants of the setup outlined in Figure 2. The first is a model
thatincorporates all agricultural and processed food impdhnts second focuses on agricultural imports only.
While attention focusses on the formerore generamodel, the latter (agriculturenly) model is useful for
comparative purposes, as discussed in Se6tion



relate to different products (for example, tropical and processed goods are included in the import price

measure but do not enter from the meaf domestic agricultural priges

Figure 2: Schematic Outline of theDefra Il Price Transmission Model
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In addition to the price transmission relatior gpecify a second egbitium relationthat accounts for

the links between domestic agricultural output prices and international fiaettive newlyconstructed
index price of agricultural and food imports and the correspondingly geographieddjisted effective

exchange ratdn Figure 2, his is represented bheatrade(red) box. There are two dimensions to the
inter-relationships identified in thérade equationthat are important in determining retail price
transmission. Firsgsthe effective exchange ratBanges (predominantly the®: and G :

-

A)

price of agricultural and food tradamportsinto the UK Depreciation (apgmciation) of Sterling
increases (decrea3dhe price of these imports the UK. Similarly, domestic agricultural prisewill
change in response to moveamwin the effective exchange rate reflectingtthe priceof UK output

has changed to foreign purchas&ecifically,depreciation (appreciation) of Sterling wilcrease the

overseas demand faiK domestic outpytexertingan upward pressure aits price in the UK.As a

result,depreciation (appreciation) of Sterling increases (decreases) thegiragricultural and food
products in the UK market.Second, import prices will not only impadirectly on retail food prices
but alsoindirectly via a impact ondomestic agricultural prices. Specifically, as the price index of
agricultural imports rises, domestic agricultural prices will riserftecting therelativelyopen nature

of the UK agricultural and food marketliote that the price of doragically produced agricultural output

S

might also influence the price of directly comparable imports (although not world markets), hence the

two-way nature of the arrows linking these two in Figure 2.

(0]



The nature of the links between the variables in thergkequilibrium relationship means that domestic
agricultural prices may also be influenced by the dententid within theUK and in other countries.

The variable that measures domestic agricultural prices covers all output whether it competes with
importsas inputs into the domestic food industry or output that is exported to other countries. This will

have a bearing on the relationship between the exchange rate and domestic output prices as the exchange
rate wild/ al so infl uewalématkdte UKOS competitivenes

These relationships are summarised in Table 3. In the price transmission model, each factor represents

a cosf(either directly or indirectlyln supplying retail food and thus are positively related to food prices.

In the trade model (the red box in Figure 2)which describes the relationships betwe®mestc

agricultural outpuprices import prices and the effective exchange ,rateincrease in import prices

would be expected to raise domestic agricultural oyppicesr e f | e c tmanl g 6t hoep edns ec on
nature of the UK food and agricultural secton #&ppreciatiorfdepreciation)n the effective exchange

rate leads to a reductidimcrease)n domestic agricultural output prices.

Table 3: The Relationshipste t ween t hariablesdel 6s V

Price Transmission Model
UK retail food pricesrf) are determined by : Exp_ected
UK agricultural output price@) Slfn
Domestic labour costshj +
UK manufacturing input costsn) +
Import pricesof agriculturaland foodproducts i) +
Trade Model
UK agricultural output price§) are determined by:
Import pricesof agricultural and food products)( +
Effective exchange rate for agricultural and food imp(ads i

Differences betwednefra | and Il

As is evident from Figuré and 2while there are many similarities between the specificatiobeth

I and ll, there aralso somdey differencesImportantly, the role and definition of the exchange rate is
differentacrossspecificatiors. InDefral, the exchange rate related to the US$/£ exchange rate as a
international determinant oflomestic retail prices and, as sucdh,appeared in the firs{price
transmissiongquilibriumrelation directly. In essencis role was to convert dar-denominated world
market prices int&€ Sterling. In the new model, the role of the exchange rate is different and, in this
case, appears in the secdtrdde) equilibriunrelation. There are two reasons for this.

The first is a practical reason: senthe new import price indicesealreadypriced in£ Sterling, thee

is no need tdirectlyincludethe exchange ratin the price transmission relationshifiearly however,

exchange rates play a vital role in domestic food priod3efrall wespeciyf a secoéhdr edbtat aode
thatshows the link from exchaegates into import pricesnd, by extension, price relationships between

9



import prices and domestic agricultural pricéss the exchange rate depreciates, 8erling
denominated import pricadex will rise and, in turn, increase domestic agricultural pridesce the
effect of exchange rates Defrall is mediated through import prices and domestic prices, both of
which are priced in Sterlind.aken together, a depreciation in the exchaatg increases retail food
prices via the consequent rise in import prices and domestic agricultural potesf which appear

in the price transmissiorrelationship.This, in turn, has the implication that the magnétuaf the
exchange rate effect anide role it plays in the newdgpecified model will differ from the exchange
rate effect as detailed Defral.

The second reason to treat exchange rates differenilgfirall is because, for the purposes at hand,

we requirean effective rather thana single bilateral exchange rat®ecall ar aim is to reflect the
geography of food and agricultural imporss,the exchange rate should relate to where imports are
sourced from, suitablwe i ght ed to reflect the currséonfoodes of
and agricultural imports. The construction of the effective exchange rate (involving different variants
depending on whether it relates to agricultural imports or agricultural and manufactured food imports)

is also detailed id\ppendix 2

There are two other differencésthe final specificatiomf Defral and Ilto note. The first is thadDefra

Il explicitly incorporates domestic agricultural output prices in the price transmission relationship
wherea®Pefral did not Domestic prices werendgitted fromDefral becaus@ver thel9902011sample
period domestic agricultural prices and world commodity prices possessed théosapnen trend
implying that from a statistical viewpointvorld commaodity price trends were sufficient to model the
long run behaviour (although both world and domestic prices played a roleshotthieun onlypart of
Defral. With the longer data period, and given the increased role of domestic futormssults show
that both domestic agricultural pricesnd impot prices playroles in determiningthe longrun trend
(and short run changes)retail food pricesand so both are includedefrall. The second difference
is that the price transmission relatiorDefrall does not contain any explicit demand prpaithough

as noted previously the effect of shifts in demand were small and only marginally signifiBeafitan

I. More detail on this is given in the following sgbction.

Alternative Specifications

As part of the modelling exerciselaagenumber ofalternative specifications of the revised retail food
price model were explorethvestigationfocussednost notablyon versions of the econometric model

with oil prices various demand proxiethé unemploymentate, the number of unemployadd the

job vacancy rateland other costs in the food chalifoth input and output costsJhe variables
consideredare listed in Appendix Table Detailed results of the work on a demand proxy formed a
section in the interim reporData and Model Specificatiorin principle, demand shifters, such as
aggregate earnings or unemployment may influence the demand for food and thus food prices.
Extensive testing could not establish an empirical link using the available measures, echoing the
findings obtained in the develont ofDefral. Few empirical measures of demand are available at
the monthly frequency and thus it is possible that the findings reflect this. However, it should also be
noted that food accounts for a relatively small share of total consumer expersdiyigresting that cost
factors are likely to dominate the formation of retail food prices. Since statistically significant effects
using the available demand proxiesuld not be found, the final specification of the model is that
portrayed in Figure ,2which will therefore be the version of the model that we will focus on in the
discussion below.

10



5. Data Issues

Context

As set out abovehe creation of new price indicéisat reflect the product composition and origin of
importswasan essential padf thecurrentDefraproject Note that this is more than just an issue about
more representative dat@iven that thevorld commodityprice indexis unlikely toaccurately reflect

what the UK procures and from where, the estimate of price transmission, wbéttuigted directly

from the datawill most likely give an imccurate estimate of tipeice transmission effect. Tiseurces

of importswill also have implications for the measurement of the exchange rate: rather than using the
US dollar commodity pricendex and henciclude onlythe US$/E exchange raite the model the

more relevant measure of the exchange rate is an effective exchange rate suitably wutighied
weights reflecting the geography of where the UK procures agricultural and foodsnipareffective
exchange rate will therefore be arpegpriatelyweightedbasket of currencies vévis UK sterling.
This is particularly pertinent given that a | arg
sourced from the European Uniand thus priced in Eusmot US dollars.

Data Coverage

The trade data was sourced from the HMRC datalbeiges {//www.uktradeinfo.com/Statistig¢s¥While
trade data aravailable at a highlgisaggegatel level, we worled with a relatively high level of
commodity aggregation at the H®&o-digit level (e.g. meat, cereals, sugdc) and identifed eight
suppliers classified at a regional level. The issue of aggregation is important as the dat cea le
disaggregated to any commodity at thediit level and by any single country.vitasuseful to keep
a relatively high level of aggregatidmoweverthe more disaggregatéie data becoméy commaodity
and country, the more likely it is thahull entries vould be encounteed. Given that the price indices
we creatd comprise unit values (value divided by volume), trade must take placepiicedo be
calculated. Highly detailed product classifications at the individual country flewelconbund the
creation of price indices, particularly at the monthgquency(reflecting, for example, seasonal
issues).

Country Aggregation

HMRC provides import data by country although for practical reasons we aggrbgajeographical
regions which candédownloaded directly from the HMRC website. The regions are:
1 European Union
1 Non-European Union suppliers split between
9 Asia and Oceania
Eastern Europe
Latin America and the Caribbean
Middle East and North Africa
North America
SubSaharan Africa
Western Erope excluding the EU.

=A =4 =4 4 4 =4

Product Aggregation

The commodity groups (calledhapterdn the HMRC classification systerthat weusedare from the
first four sections of the 98ections into which HMRC classify all imporfShese represent tsections
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coverirg agrialtural and food importsThe dapters that comprise the first fasectiors of the HS2
classification are presented in Box 1 below.

We excludd thechapters in these sectidiat are not food or beverages, namely Chaptensro8ijcts

of animal oigin, not elsewhere specified or included), 06 (live trees and other plants; bulbs, roots and
the like; cut flowers and ornamental foliage), 13 (lac; gums, resins and other vegetable saps and
extracts), 14 (vegetable plaiting materials; vegetable prodottsisewhere specified or included), 23
(residues and waste from the food industries; prepared animal fodder) and 24 (tobacco and
manufactured tolzzo substitutes). This leav&8 chapters.

Given the broad nature of some of the commodity categories, liv€bppter 17 (sugars and sugar
confectionery) and Chapter 18 (cocoa and cocoa preparations) corresponding to their raw and processed
constituents to give the 20 groups listedinTable The desi gnation of o&6r awb
is in concordancwith the FAG Bood Price Index that essentially relates to raw (unprocessed or with
limited processinggommaoditiesand therefore alloedus tocompare directlyhe newlyderived import
price index forhethel UK wot hd amden.vmdé di ty pri ce

12



Box 1: HS2 Product Classifications

SECTION |
LIVE ANIMALS; ANIMAL PRODUCTS
01 Live animals.
02 Meat and edible meat offal.
03 Fish and crustaceans, molluscs and other aquatic invertebrates.
04  Dairy produce; birds' eggs; natural honey; edible products of animal origin, not
elsewlere specified or included.
05 Products of animal origin, not elsewhere specified or included.

SECTION Il
VEGETABLE PRODUCTS

06 Live trees and other plants; bulbs, roots and the like; cut flowers and ornamenta
foliage.

07 Edible vegetables and certain t®@and tubers.

08 Edible fruit and nuts; peel of citrus fruit or melons.

09 Coffee, tea, mate and spices.

10 Cereals.

11  Products of the milling industry; malt; starches; inulin; wheat gluten.

12  Oil seeds and oleaginous fruits; miscellaneous grains, aeedsuit; industrial or
medicinal plants; straw and fodder.

13 Lac; gums, resins and other vegetable saps and extracts.

14  Vegetable plaiting materials; vegetable products not elsewhere specified or incl

SECTION llI
ANIMAL OR VEGETABLE FATS AND OIL S AND THEIR CLEAVAGE
PRODUCTS; PREPARED EDIBLE FATS; ANIMAL OR VEGETABLE WAXES
15 Animal or vegetable fats and oils and their cleavage products; prepared edible f
animal or vegetable waxes.

SECTION IV
PREPARED FOODSTUFFS; BEVERAGES, SPIRITS AND VINEGAR; TOBACCO
AND MANUFACTURED TOBACCO SUBSTITUTES
16 Preparations of meat, of fish or of crustaceans, molluscs or other aquatic
invertebrates.
17 Sugars and sugar confectionery.
18 Cocoa and cocoa preparations.

19 Preparations of cereals, flour, starch olkppastry cooks' products.

20 Preparations of vegetables, fruit, nuts or other parts of plants.

21 Miscellaneous edible preparations.

22 Beverages, spirits and vinegar.

23 Residues and waste from the food industries; prepared animal fodder.

24 Tobacco andnanufactured tobacco substitutes.

13



Table 4: Commodity Groups and Corresponding HMRC Chapter Classifications

Commodity Group HMRC Commodity Chapters Raw or Processe|

label (HS Level codes)

01 Live Animals (HS01) Raw

02 Meat and Offal (HS02) Raw

03 Fish. (HS03) Raw

04 Dairy Produce (HS04) Raw

07 Edible Vegetables (HS07) Raw

08 Edible Fruit (HS08) Raw

09 Coffee, Tea, Mate (HS09) Raw

10 Cereals (HS10) Raw

11 Products of Milling Industry (HS11) Raw

12 Oilseeds (HS12) Raw

15 Animal of Vegetable Fats (HS15) Raw

16 Preparations of Meat, Fish e{€1S16) Processed
1701 Sugars 17.01)! Raw
1702 Confectionery (17.02, , 1703 and 1704) Processed
1801 Cocoa 18.01 and 18.0¢2 Raw
1802 Cocoa Prepatins (18.03, 18.04, 18.05 and 18.6¢ Processed

19 Preparations of Cereals, Flour (HS19) Processed

20 Preparations of Vegetables (HS20) Processed

21 Miscellaneous Edible Preparations (HS21) Processed

22 Beverages, Spirits and Vinegar (HS22) Processed

Source:HMRC

Notes:! 1701 Cane or beet sugar and chemically pure sucrose, in solid*fdéff2 Sugars, including lactose,
maltose, glucose or fructose in solid form; sugar syrups without added; flavouring or colouring matter; artificial
honey, whethermnot mixed with natural honey; caramel; 1703 Molasses; resulting from the extraction or refining
of sugar; 1704 Sugar confectionery (including white chocolate), not containing €4864. Cocoa beans; whole

or broken, raw or roasted; 1802 Cocoa; shallsks, skins and other cocoa wa$te803 Cocoa; paste; whether

or not defatted; 1804 Cocoa; butter, fat and oil; 1805 Cocoa; powder, not containing added sugar or other
sweetening matter; 1806 Chocolate and other food preparations containing cocoa.

Import Price Indices

A key objectiveof the data construction exercisasto create indices of aggregate import prices based
on highly granulardightregions and 20 HS2 commaodity groups) import data obtained from HMRC.
In all, therewerefive steps to th@rocesgshat creates the import datehich issummarised ifrigure 3

(see Appendix for details) In Step I, the value and volume of imports from the 8 regions in each of
20 groups couwing commodities, food and beveragegported into the UKvereasserbled from the
HMRC online database. Given the monthly frequency of the dptmning 26bbservationdrom
1996(1) to 2017(12), this represents a totgl2é6# x 20 x 8 =) 42,240 observations for import values
and a gnilar number for import volume. I8tep Il, each value seriegasdivided by the corresponding
volume series to yield unit value series at monthly frequency. This give22@3=) 160 unit value
series, each containing 264 monthly observations. In Stepdiireate basicindices of unit alues

by region for each of the 2productgroupsthat are relative to the unit value in the chosen base year
In Step 1V, the regional price indicegereaggregated to form price indices of each of the 20 groups
imported into the UK. These represent thierage price (iff sterling) of imports into the UK in the 20
commodity, food and beverage groups taking into account the geography of trade. While useful in
themselves, these seri@srecombined to form aggregate price series weighted by the valueathare
trade. We creatk three such aggregate series that refl¢gt the import price of agricultural
commodities imported into the UKii) the import price of processed food and beveraged (iii) an
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all commodities food and beverageslex Econometricmodels are developeding (i) asa direct
comparator t®efral, and (iii) for extendingts coverageo agricultural angbrocessedood imports

In terms of the basic unit of analysis, thibygegioncommaodity group. Should we wighfuture work
toincrease the granularity of the analysis (for example, split North America into constituent countries),
it will be possible to do so. Each step in the figure will remain; howderdetail within the boxes

will be increased.

Figure 3: Creation of the Import Price Indices- A Five Step Process

Revised Price Indices

I « 8 Regions
HMRC ImportJaaieily

Il * 8 Regions
UTAVEIIT * 20 Groups

]
) : « 8 Regions
Basic Price R 20 Groups

Indices

1\

SRRV | o0 Groups
Price Indices

\ « Agriculture

Aggregate * Processed
Price indices [al

Agricultural Commodities

We begin by showinghe price index for unprocessed agricultural commod{@ssdetailed in the
commodity group classifications defined inbl@4) in Figure 4 This is labelled as the Exeter
Agricultural Commodity Price Index in the figur&s noted above, the construction of this seidas
close concordance with definitions of product
agricultural price indicessuch agshe FAO Food Price Indexvhich is also shown in Figure 3 (priced

in both $ and £)When comparing the serigsis important to note that each seriebénchmarked to

its value in a commobase yearso that difference between the series indicate how each series was
changng relative to its value in th&lase year, and should not be taken as an indication of the absolute
level of price differences.

3 As a result, th fact that one series may lie above another does not suggest that prices were lower in absolute
terms in that seriesnerely, that it was lower relative to its value in the base year than another series. In other
words, we should not expect the Exeter series to lie above the FAO series, even though EU prices are generally
higher than those on world markets.
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Figure 4: Exeter Agricultural Commodity Price Index Compared with FAO World Food Price
Index (priced in US Dollars and Sterling)
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Exeter Agricultural Commaodity Price Index

With this caveat in mindhere aresomenotable featurearising from acomparisorbeween the Exeter
andFAO seriesThe Exeter price index appeardmmorestablethanthe FAO priceseries, irrespective
of the denominatorcurrency Most notably, the Exeter index does not exhibit the spike in piices
2008that is evident from the FAO food price inds This is also true of events around 20This is
likely to reflect thatas @ wo r | d 6 ,ghe FADeserie@edsentially an indicator price that does
not reflect the geography of the sourcing of UK agricultural impdmtshat the UKsources a large

proportion of its importgrom the EU, in which prices atgpically more stable (although higher in
absolute level).

To see whether differences in the variability of the Exeter and (dollar based) FAO series is due to the
influence of fluctuations in the value of £ relative to the $, Figure 4 also préser®#80 Food Price

Index converted into £terling at prevailing nominal exchange rates.sAs clear from the figure,
accounting for the currency differences doeducesome of the volatility in the FAO price index but

does not remove ithe higher volatilityof the FAO Food Price is still evidergarticularly from the
2008 onwards

These observations are importanttfmeereasons. First, where the UK sourdssagricultural imports
from is a more appropriate c¢har anstorworlds(rmoEl)on of
markets particularly given the policy framework that applies to the EU agricultural sector. Second, and
by extensionin deriving a more relevant commodity price inde®, will have a morappropriate basis

to assess outcomes assted with potential changes in trade and agricultural policy regimes post
Brexit. Third,use of the Exetandex will alsohave a bearing otie size of the transmissieffect that

is estimated. This is because the coefficishlculated using theariability of each ofthe series that

it links. Hence the Exeter series, which exhibits distinct dynamic behgumtarms of volatility and

turning points)to the FAO serieswill potentially result in a verydifferent relationshipbetween
commodity pricegndthe retail food price index.

In Figure 5 we report a selection dExeterprice indices forUK imports of specific agricultural
commodities withrelevantsubindices from the FAQpriced in $ and £ as above). Amparison
reinforces the observationmade above. Reflecting the source of UK imports thedcorresponding
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i ssues relating to EU agricultural and trade po
price indices are notably different from world prices as measured by the FAO.

Processed Food and Drink

As set out above evalso derive a processed food price indeeBox 1 andlable4 for the composition

of the index) There are several reasons why deriving a specific price index for processed food products
is both statistically releant for estimating price transmission effects and economically important. First,

a large proportion of UK imports of food products fall in the processed foods categories. Second, to the
extent that the geographical sourcing of these imports differsdgpicultural commodities, then the
processedood price index will give a more accurate characterisation of UK food trade. Third, since
processed foods involve a range of inputs which combine with raw materials to produce the
manufactured product, the pricelex for processed food may exhibit different propeitie®mparison

with the agriculturalprice index, the latter being more directly influenced by EU agricultural policies,
the former also by the costs of manufacturing. Fourth, this may result iprides transmission
mechanism being different compared with the transmission betggEulturaland retail food prices.
Finally, and important for present purposes, to the extent that trade costs vary according to the degree
of processing, then this wilave relevance for evaluating the potential outcomes for UK retail food
prices posBrexit. This is particuldy relevant for the case of naariff measures given that barriers
relating to health and food safety standards, for example, are known totibelady high for food
processing trade aapared with agricultural trade.
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Figure 5 (a): Meat
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Figure 5 (b): Dairy
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Figure 5 (c): Sugar
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The Exeter price index for processed food is presented in Figure 6. For comparison, we also include the
Exeter agricultural commodity price index as detailed above. Again with the caveat that the index relates
more to the pperties of the underlying dynamics of prices rather than price levels, the comparison of
the price indices presented below suggest that processed food prices are more stable than agricultural
commodity price indices. As noted, this will reflect the gapbical sourcing of UK food imports and

also the costs associated with processing: a common feature of the dynamics of food prices in
downstream stages of the food chain is that prices exhibit less volatility. To the extent that agricultural
commodities rpresent a low proportion of value added in the food processing sector, it is therefore of
no surprise that the processed food price index is less volatile than the agricultural price index

Figure 6: Processed Food Price Index Congred with Agricultural Commodity Price Index.
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Finally, by appropriately weighting the sgboups across all commaodity groups as presented in Table

4, we can derive an over al | esehtedireRigaré We ihcudedhe pr i c e

comparison between the aggregate import price index and the corresponding agricultural and processed
food price indices detailed above.
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Figure 7: dExeterdFood Price Indices for Agricult ural, Processed and AlFood Import s.
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Effective Exchange Rates

Owing to the importance of imports of fooddadrink to the UK food chairgxchange ratearean
important determinant of domestic retail food inflati®esults from previous work (see Ddsbnet
al., 2016) confirmed the important role played by tb&$:£) exchangeate on domestic food prices
As set out in Section 4xehange rates also feature ie tturrenspecification but need to be measured
appropriatty for the purposes at han8ipecifically, since the emphasisthe current model is on the
source of imported commodities, we will need to incorporateffattiveexchange ratewhere the
weights reflect theelativeimportance of key currencies used to purchisagricultural adl processed
food imports. This difference has implicatidos: (i) the interpretation of the exchange rate and how it
is specified in the modg(ii) how the exchange rate is measyrad (iii) the effect ofalternative trade
agreement scenari¢&iture changes tehe geography of UK food and agricultural impaxifi change
the importance of each currency in the effective exchange rate).

Wethereforecreata an effective exchange rate which reftmtthe basket of exchange ratesociated
with where tle UK sources itémports from. Although effective exchange rates are availdimen
external sourceg.g. from the Bank of England, the Bank for Internati@etlements or the IMF),
none of thee were suitablefor the purpose at han@his is because ¢hweights on thespublicly-
availableeffective exchange rate indicggecificallyexclude agricultural and food trad®y reflecting
thetrade in manufactured goo(snd, in some cases, trade in servigls®) such series misrepresent
the costs of UK fod trade. This m@e creation of a bespoke effective exchange rate series necessary.

Ideally, aneffective exchange rate should weidji basket of currencies uskey source of imports.
However, since we are dealing with regions,cgeld notapply singlecountry exchange rates; also,
since we are aggregating across-satmmodity price indices, no single weighting can be applied since
the import weights on grain®r example, will differ from that for beverages. Setting aside the regional
aggregation fortte moment, one way to deal with this is to create an effective exchange rate index
corresponding to each commodity chapter and then subsequently apply the same weigjit4 to the

.20 effective exchange rates that have been derived for the imporimui&e However, wédadto

make compromises in the number of bilateral weights that should be included and ectoeeake
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some decisions to make the derivation functiohalthis endwe assume thdtade with EU partners
wasdenominated in Eurogndthat trade with nofiEU regionswvasdenominated in US dollars.

Details of the construction of the effective exchange rate series are given in the ApheRdix
illustrative purposeswe report the effective exchange rates relating to UK trade in raw oditym
imports and processed food impoirisFigure 8 For comparison, & alsoshowthe US$:£exchange
rate that was used in the previous version of the food inflation mblaelbase period (2062004) is
the same as that used in the derivation of thealtpral and processed food import price indices.

Figure 8: Effective Exchange Rates and th&JS$:£Exchange Rates
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Other Data Requirements

Theimportprice indices and effective exchange iatiicesconstructed above represené-requisites

that form the basis othe econometric model of UK retail food prices with the aim of assessing the
potential impact ofUK trade arrangements peBtexit. However, as noted in Section 3 on the
specification of the model, there are other fatbatdetermine the rate oétail food priceinflation.
These primarily relate to domestic variables and, specifically, include factors that influence costs
throughout the wical food chainincluding domesti@agricultural prices, costs at the manufaictg

level (excluding labour costs), and labour co$tseese measures are however readilgilablefrom
public sourcesnd dd not require constructiorA key issue in selecting the additional variabless

that the data hthto have the same frequency rasail food inflation and the other variables in the
econometric model: thiwasa potentially limiting factor with reference to some variables (particularly
in relation to demad factors that, in principle, could loeore accurate measagref demandor food

but which are not available on a monthly basfs)tull list of the potential variablesourcesand

presentation of the dais provided in Appendi®.
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6. Model Selection, Results and Interpretation

Overview

In this sectionwe highlight some impoant aspects of the estimation of the model thaetsout in
Figure 2We estimate two versiors of the modetlescribedn Figure2: the firstusal the newlyderived
import price index for raw agricultural products (and, associated with this, the appetypsieighted
égricultural productsonly6 effective exchange rate); the second versisa an import price index
constructed from both raw agricultural produatsd manufactured food products (together vaith
appropriatelyweighteddéll product$ effedive exchange rateas detailedn Section %. These price
indices(and the effective exchange rate seré&s)the onlyvays in which théwo versions of the model
differ but since they relate to a very different characterisation of UK food trade, tveldtucture of
the vertical domestic food chain, it is anticipated that the results from each version will vary.

Given that the o6al/l productsd model encompasses
used to produce the final estimatéprice transmissiofor the UK and for calculatindnefood inflation

impacts of alternative pofirexit scenariosThe éagriculture onlpimport price model is more similar

to theDefral Model and hence its primary purpose will be to facilitate coraparAside from the

differences in the import price indices and the effective exchange rates, all other variables in both
specifications arethesamieh e r esul t s f fomrh ytoh eno@adr iaad wel trerpeor t e

EconometriaMethodology

To esimate the parameters of the mqaed adoptda Cointegrated Vector AutdRegression (&/AR)

model. Technical details relating to this econometric approach are given in Dagtdso(2016) so

the following merely provides a sketch of the econometribiottA more extensive discussion of the
details of model specification, model selection and statistical properties of the model are reported in
Appendix 4.

In general terms, the-€AR is given by standard vector autegression, namely:
Xt =FXp. 1 tFoXe o ...+ F pX p + YDy +& 1)

whereod is a vector of I(1) variables containing the UK retail food price ind®% (0) ‘@nd a set of
sterlingdenominated input costs that are likely to play a role in the price transmission process: the price
of domestically produced agriculturalutput ©6 0 ) "@d the nosagricultural costs of food
production, namely, domestic labour cosB §, and nodabour manufacturing costSYQ 0 Q9

Given that the UK imports a high proportion of its agricultural and food produetsy of which are

not produced domestically, we also include the price of agricultural and food iniparts (8)0These

five variables form the price transmission relations portrayed in Figure 1, which is expressed
mathematically as thierice Transmission Equatiobelow. Note that this equation does not include an
explicit exchange rate variable since all variables are denominated in sterling. Thus, in the absence of
augmentation, exchange rate effects would work through the prices of domestim@orted
agricultural and food products indirectly.

As discussed in Section 2, exchange rates enter the model via a second equilibrium relationship in the
system, described by tAi@ade Equatiorbelow. Recall that this describes how changes in the ieect
exchange rate of food imports affects the price of food imutmestly and in so doing allow us to
incorporate exchange rates into a price transmission model denominated solely in domestic currency.
Given that the price of imported food is likely affect, and be affected by, the price of domestically
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produce food, this second equilibrium relationship is formed of three variables, namely, the price of
domestic and imported food and the effective exchange rate of food infpddtsr(0 )0

The two economic equilibria can now be described mathematically as:

Price Transmission Equation

1T Q001 1T /70)r TIg, # 1 11I8+-)#1 11)C0! - (2a)
TradeEquation
ITT@WO001 11T%%2! -1 11Q60 (2b)

To re-cap, (2a)sthe price transmission equation armdresponds to the price transmission relationships
identified in the green box in Figu& Equation(2b), the trade equationxg@resses the relationships
among domestic agricultural products, imports and the effective exchangehiatmrrespondto the

red box in Figure. Economic reasoning along the liresmmarised in Table duggests that all the
coefficients in (2a) aregsitively signed, reflecting that costs into food chain increase retail prices. In
the trade equation, 2(b), economic theory posits a positive relationship between the price of imports and
domestic agricultural price (hente 1 reflecting that international and domestic prices have a
tendency to move together over the longer term, other factors remaining constant.

The effect of the effective exchange rate in (2b) is expected to be neJativecall exchange rates
impact on the price of both imported goods and domestic production. Other things held constant, a
depreciation of Sterling against other currencies will make imports more expensive to UK consumers
and UK produced products cheaper to foreign consumers.depreciation of the effective exchange

rate for agricultural and food imports leads to an increase in the demand for domestic agricultural
production from purchasers overseas and hence an increase in its price in s |@iger factors

held constantis such rtimplies that domestic agriculturatices rise (fall) with adepreciation
(appreciatiohpof the exchange rate.

Model Selection and Testing

The process of model search involved the estimation and testing of a wide range of models. The
combination of variable choice, lag length, coefficient restrictions and robustness checking resulted in
well over 100 candidate -€ARs being evaluated. Since there is no universal criterion for model
selection among these candidates, the preferred spéicifiswereselected on the basis of principally

two criteria: economic plausibility and statistical adequacy. The econometric model was subject to a
rigorous range of formal tests; the results from these formal tests confirm the existence of the-two long
run equilibrain the data of the form described by equation (2a) and (2b). This approach to identification
and statistical adequacy of the estimated model confers a good degree of confidence in the results that
are obtained. A detailed discussion of ts&ues relating to model selection can be founbipendix

5.

Interpreting Model EstimatesLong-Run Elasticities and Impulse Respons@é€fficients

There are pncipally two outputs from the AR model. The first are the loAgin elasticities
contained irequations (2a) and (2b)at describe the loagin effect of one variable on anothieolding
other variables constant. For example, the estimdte ofin equation 2(a) measures the percentage
effect of a one per cent change in the domestic priegméultural output on the retail prices of food,
holding other factors included in the model fixed. Hencg, if is estimated at 0.25, this means that a

23



one per cent increase (decrease) in domestic agricultural output is associated with a 0&&86 inc
(decrease) in the retail price of food, other factors held constant. Coefficients in (2b) have a similar
interpretationand describe theeteris paribus(other things held constant) effeain domestic
agricultural prices. Hence, the estimate of is 1.20, this means that a one per cent increase
(decrease) in the prices of agricultural and food imports is associated with a 1.2% increase (decrease)
in the retail price of food, other factors held const@ogfiicients less thaunity imply therelationship

is inelastic, those greatthan unity that the relationship islastic

There are three facets to this interpretation that are worthy of note. Firiheitdag-run effectthat is

being measured, and hence eealdsticity quantifies theffect at the end of the adjustment process.
Theelasticity does not indicate how long the adjustment takes nor the natieadjustment process,

it simply measures the eventual effect. Second, estimates of theuloedpsticities are predicated on

the ceteris paribusclause andas suchexplicitly ignore any indirect effects th#ttat are mediated

through other variables. Third, coefficients in the second equilibrium relation measure thefeffect
changes to import prices and the effective exchaag®n domestic agricultural output and not retalil

food prices. Hence, in order to assess the effect of changes to the effective exchange rate on retail prices,
we need another measuhat will estimate this linkFortunately, this is accomplished by thecond

key set of outputs from the-AR, the impulse response coefficients

In contrast to the longun elasticitieswhich measure thivng-run effectkeeping other variables held

fixed, impulse response coefficients measuredyreamic effecof a slock to one variable on another
andincorporate knoclon and feedback effects among the variables in the system. In this regard, the
impulse response coefficient is akin to the total effect of a change, whereas thenagsticity
measures the partiaffect. Furthermore, rather than deliver a single coefficient, the impulse response
function traces the effect of a change throughout the adjustment process and thus is informative about
the speed and nature of dynamic adjustmmottjust he longrun effect.

Given their construction, i mpul se r #ypemuoentione f unct
posed in scenario analysis where the object is to provide an estimate of the effect of a shock (or set of
shocks) that takes into account dynamieiactions of the variables under considerafjion the total

effect ofa shock or set of shocgksThe relevancef thisin the context of food price modelling under
various trade scenarios is evident, not least because changes to the effectiveeeratbandices$or
exampleare likely to induce changes across the food system as a whole, involving import prices,
domestic agaultural prices and potentialiyther food production cost€onsequentlywe will use the
coefficients from the impulse resgmfunction as the principal measure of responsiveness and measure
the effect of 10% changes in each of the variaBliggires will also be produced to describe the impulse
response functions which deliver the dynamic effects (over 36 months) of chatigesamiables on

food prices.

We will begin however by reporting theng-runelasticities. These are useful in their own rigitduse

they representhe coefficients (such ds and? ) of the equilibriumequatios (2a) and 2(b)
Notwithstanding the relevance of using the impulse response functions to gauge the effects of shocks
of food price drivers on food inflation, the elasticities are useful in understandingafianing the
economic intuition behind the inclusion of each of the variaResults are provided for (i) the model
containing imports of only agricultural products and (ii) the model containing imports of agriculture
and processed food imports.
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Resuts: (i) Long-Run Hasticities usinghelmport Price Index for Agricultural Products

The specification wittthe import price index foagricultural cormodities is presented in Tabte

bel ow. Thi s speci f Ddraltmodelnnsofasashé anport steusturedrelate®to t h e
unprocessedgricultural commodities giventhat this was the main characteristic of the world price

index used in previous researdtable5 consist of two panelsf long run elasticitiesin the top panel,
thecoefficiensrepresenthelongrun transmissioelasticitiesof retail food prices with respect to each
source of cost and represents the empirical esti
model. The bottom panel shows the resultdHersecondelation equation 2(h)showingthe longrun

elasticity ofdomestic agricultural output pricegth respect to import prices and effective exchange

rates in the agricultural importmly model All theelasticities are statistically significant at the 5%

level of significance, as indicated by thealues reported in the table.

In the top panelvhich shows the coefficients of the price transmission relatiom resultsummarise

how costsare passed through the verticalof chain. Al elasticities ardess than unity, as would be
expected given that any one component represeritaction of the retail goodn terms of the
magnitude of the relevant elasticities, retail food prices are most sensitive to changes in labour costs,
with an elasticity of @56 Hence the model estimates that@6 increase in labour costs increases
retail food prices in the long rny 2.9%, other factors held fixedgricultural prices (whether domestic

or imported) are also important drivers of retail food priseth domestic agricultural oyiut prices

having a higher transmission elasticity relative to the impace index(0.242 and 0.1@ respectively).

In other words, the model estimates that a 10% increase in domestic agricultural prices increases retalil
food pricesin the longrun by 2.4%, other factors held fixed; a%0ncrease in import prices of
agricultural products increases retail food prices in the-tandgoy 1.6%, other factors held fixe@he

larger responsto domestic food prices isonsistent with themportance of domestic production in

retail food.Taking both together, theseteris paribuglasticities suggest that changes in domestic and
imported agricultural commodities are slightly more important drivers of retail food prices compared
with labourcosts. Othefnonlabour) manufacturing input costs such as enargyalso important, the
estimated elasticity being @2

Thebottom panel of Table 5, which describeselasticities of the trade relation, shows tthanestic

prices sensitive to the agultural import price index and the effective exchange rate with the
transmission elasticities beil@g@06and-1.44 respectivelyHence for examplea 10%increase in the

price of agricultural imports leads to a leng increase in domestic agricutiiprices of around 9%

While not onefor-one (owing to differences between domestically produced imports agricultural
products)the relationship is indicative of the close links between the UK and international commodity
markets. The response of domesitigicultural prices to changes in the effective exchange rate are even
larger, such that a 10% depreciation of Sterling against the trade weighted basket of currencies leads to
a 14% increase in domestic agricultural pricEsese estimates highlight tlsensitivity of domestic
agriculture to international factdrs

Note that there are two underlying mecharsshat can account for éhstrength of theelationship
between effective exchange rates and domestic output prices. First, as Sterling deptkisates,
increases the cost of agricultural and food imports which, in turn, increases the demand for domestic
output hence driving up prices. Second, the depreciation of Sterling will also make UK agricultural

41f instead ve recast the relationship reported in the bottom panel of Tablderms ofthe agriculturaimport

price indexrather than domestic agricultural output priégasrder to measure the effect a percentage increase in
the effective exchange rate impot prices, theelasticty would be (0.906£1.44 =}0.694 This is less than unity

but consistent with estimates of effective exchange rate elasticities reporteditertiure (e.g. Gilbert, 1989
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exportscheapem world marketsthis gives amdditional kick to the demand for domestic output which
therefore also contributes to the strength of this relation.

Table 5: Estimates of LongRun Elasticities: Model Using Agricultur e-Only Import Price s and
Effective Exchange Rites

Elasticity of UK retail food prices (06 0)W®ith respect to:

Index of UK agricultural output pricd®AOPI) 0.242
(0.001)
Domestic labour cost®(Cy) 0.256
(0.000)
UK manufacturingotherinput costs YKMICy) 0.143
(0.050)
Import priceindex for agricultural product$RA,) 0.162
(0.012)

Elasticity of UK agricultural output index ( DAOPI) with respect to:

Import price index for raw agricultural productB4y) 0.906
(0.006)
Effective exchange rate for raw agricultural onijs (EERA) -1.440
(0.000)

Numbers in parentheses gr&alues and indicate the significanesel of ahypothesigestevaluating the zero
null. Hence g value of 0.05 means that the coefficient is statistically different from zero at the 5% sigrgfica
level (i.e. with 95% confidence).

Results: (ii) Long-Run Elasticities using Import Price Index for Agriculturaind Manufactured
Products

In Table6, we present the results for the model thegsthe import pricesind effective exchange rate
series that relate toagriculturalcommodities anghrocessedoods. Otherwise, the specification is the
sameas that reported in Table Goefficient estimates are very similarthre first(price transmission)
relation (e.g.thelong runelasticity of retail foogprices with respect tdomesticagricultural pricess

0.236 in Table 6 compared with242 in Table5). Given that most of the variablés the price
transmission relatiomre identical the similarityis unsurprisingalthough a larger difference in the
import price coefficient might have been expected given the importance of manufactured food in retalil
prices.The estimate in Table 6 suggestat theceteris paribuseffect of a 10% increase in the prices

of agricultural and food imports is to increaséail food prices by 1.7% in the long run, compared to
1.6% when considering the prices of agricultural products only.

Overall, even though we are accountioga wider range of imports (as the price index now accounts

for imports of processed food aslirgs raw agricultural imports), domestic factors still have the most
dominant impact on UK retail prices. The coefficient on the import price index increases (albeit
marginally, from 0.162 per cent as reported in Table 5 to 0.168 per cent as repodbtkif)T Other
manufacturing costs have become (marginally) less important though domestic labour costs more so.
The latter may reflect that despite accounting for semd highly processed food imports, these
products still enter the food chain and selllect costs borne in the retail food sector.

Greater differences are apparent in the sectiadq relation As expected, inclusion of processed
foods imparts a larger impact on domestic output prices than with purely agricultural etitpuen(
elastcity of 1.170 compared to 0.906)encethe modekstimatesuggest that theeteris paribueffect
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of a 10% increase in import prices for agricultural and food imports is 12% compared to 9% for
agricultural only pricesSimilarly, the effective exchangate elasticity increases (from 1.440 to 1.847).
These resultsemonstratéhat domestic agricultural output prices are more sensitive to international
factors when specified with a price index thatludes a broader set of produc@Given that hese
productsinclude processed food as well as raw commodiéied, it is the former which represents a
growing proportion of imports, thresults are consistent with a heighterad for international factors

In summary,both specificatios of the model, whe#r including agricultural or agricultural and
processed impast tell a very similar story. In terms of theteris paribuseffectsreported in this
section both modelsindicate that retail food prices are as responsive to domestic labour costs as
domestt agricultural product prices. Indeed, in both models retail pricema@meresponsive to labour

costs albeit marginally so. Other manufacturing costs and import prices play an important but
somewhasecondary role Theresults alsdiighlight the sensditity of domestic agricultwal pricesto
international factorandsuggesthat the latter play a more important role when the data includes a more
complete spectrum of agricultural and food imports. Given that a growing proportion of imports that
enter he UK are in processed forms, and that these manufactured imports are likely to be subject to
future trade measureshis sensitivity may play a key robs aresultof he UK®&s departure
EU. However, given theeteris paribusature of the pricéransmission elasticities a more complete
picture of the impacts on domestic and international factors on retail food prices rateitastions
between the variables to be accommodat®dth this in mind, attention now turns to the impulse
response aimgsis.

Table 6: Estimates of LongRun Elasticities: Model Using Agriculture and Food Import Prices
and Effective ExchangeRates

Elasticity of UK retail food prices ('O6 0) @ith respect to:

Index of UK agricultural output pricd®AOPI) 0.236
(0.001)
Domestic labour cos{®LCy) 0.306
(0.000)
UK manufacturingptherinput cost§ UKMICy) 0.135
(0.055)
Import price index for agriculturand manufactured foqoroducts(IPAM) 0.168
(0.009)

Elasticity of UK agricultural output prices (i) with respect to:

Index of import price index for agriculturahd manufactured fogatoducts 1.170
(IPAMy) (0.003)
Effective exchange rate for agricultural and manufactured food im{EERA) -1.847

(0.000)

Numbers in parentheses ar&alues and indicate the significance level of a hypothesis test evaluating the zero
null. Hence g value of 0.05 means that the coefficient is statistically different from zero at the 5% significance
level (i.e. with95% onfidence).

Results: (iii)lmpulse Response Functions

Reporting longrun elasticities is a useful means for summarising how individual variables may impact
on the dependent variable and to highlight the statistical significance of each of the vdtiaplase
also an important check detailing whether relationships between variables in a complex model are
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consistent with economic intuitiollowever,as explained abovée elasticities areeteris paribugn

nature meaning that theyare premised on otheanfluences remaining unchanged. In a vector
autoregressive framework as we have here, shocks in one variable will potdmatielarimpact on

ot her variables so that the oO0final é effect of t
to a shock and, given the inherent lags in the respondktake some time to fully evolv&Vhile both
elasticities and impulse resporfaactions indicatéhe longrun effecs, results from impulse response
analysis incorporate these kneok and feedlzk effectsat each point in the adjustment procasd so

give a more realistic estimate of what might actually happen following a shock to one of the variables
(and hence measure the total effects of a change rather the partial .effedtsprmore, implse

response analysis allows us to estimate the effect of exchange rates on domestic retail prices, something
that the partial elasticities do not.

Given the similarity of numerical estimates in the specifications used for Tables 5wadénfine
theimpulse response analysis to the model using data for agricultural and food import prices hence the
impulse response coefficients reported in this section relate to the version of the model reported in Table
6. Results for the agricultural only model agparted in the AppendixSFigure 9 presents the impulse
response function of food priceser a 36 month perica 10 per centshocls in (i) import pricesand

(ii) the effectiveexchange ratand (iii) domestic agricultural prices Figure9(i), the impulse response

given a shock in the import price index on retail food prices is sholaresults imply that the net

result of a 10 per cent rise in the import price index will be to increase retail food prices in thenlong

by 1.8 per cent once allglindirect effects have worked through. As can be seen, adjustment is a gradual
process that unwinds over a long period. The full effect materialises over a 3 year period; in the shorter
term (3 months), the 10 per cent rise in the import price inderediqbed to increase retail food prices

by around 0.3er cent. Note that the shock to import prices has a permanent inthacarises due

to strong trendén the underlying data seri@gich means that @mporary shocknanifests as a step
change inmport price. In response, foogrices settle at a new higher letiehit does not fall unless

import prices fall.

In Figure9(ii), we show the impact of a shock to the effective exchange rate. The plot implies that the
effect of a 10 per cent rise (apgiation) in the effective exchange rate is to decrease retail food prices
by around 0.6 per cent in the short term (3 months) culminating in alondecrease of 2 per cent
once all the indirect effects have worked through. A 10 per cent depreciatib frave the opposite
effect, resulting in a 2 per cent increase retail food prices in thelondhese resutimply thatthe
exchange rate effect impartslaghtly stronger impadhan an equivalent changeiimportprices alone,

a result that is ligly to reflect that the exchange rate impacts on exportgedsas imports.The
relatively strong impact arising from exchange rate effects is consistent with the insighiefirarin

5 Numerical estimates of the import price and effecéxehange rate effects in the agriculture only model are
slightly smaller than those reported in Figure 9 and Table 7 which reldateetsum ofagricultural and
manufactured food price imports. This is consistent with the theory of price transmissithethather up the

supply chain, the impact of price shocks is weaker. It should be borne inhnoindver that even though the
estimates from the two specifications of the import price indices are relatively close, the scenarios to which they
will be used will give different insights (and quantitatively different results) given the range of tariffs and non
tariff measures that affect trade in processed food products.
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Figure 9: Impulse Response Functionsf Retail Food Pricesfor Alternative Shocks
(Based on Econometric Results Reported in Table 7)

Figure 9(i): 10% increase inmportPrices
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Figure 9(iii): 10% increase in Domestic Agultural Prices
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In Figure 9 (iii) the effect of an increase domestic agricultural output prices. As is evident, this also
increases food prices; in this case, retail food prices rise in the short term by 1.2 percent rising to a level
4.6 per cent higher in the lomgn, more than double the effectanf equivalent change import prices.

While larger than may have been expected it is consistent with the fagbthastic output represents

a larger share of UK retail food than imports.

The observatiorthatdomestt agricultural outpupricesare more influentiain the price transmission
processhan importpricesmay also point to an additionaldynamicinteractionfollowing shocks to
domestic prices that are absent or at least weaker following shock to impest pvicile explanations
are inevitably conjecturathe findingmay simplyreflect the different composition of produtisit are
domesticallyproduced and imported. For examplehereas changes in the prices of domestically
produced dairy and beef may leadmport prices for these prodscising, the same would not occur
for nonindigenousproducts (such as cocoa and banads} is not to say that domestic prices affect
world prices, but the evidence certainly points to the pricethefproducts thathe UK imports
responding in this wayOn this point, recall from Tablé thelong-run elasticities(which measure the
effects keeping other factors fixed)ith respectto domesticand importprices (0.246 and 0.168
respectively)differ somewhatess thanthe longrun impulse response coefficieniadicating that
domestic prices have stronger knamk effects into retail prices than import prices.

For ease of expositiowe also summarise the dynamic effects of the variables plotted in Figure 9 (and
the other variables included in the model) in Table 7, labelling the impulse response coefficients at 3,
12 and 36 months following a 10 per cehbck as the short, medium and long run effe¢tscussing

on the longrun effects, it is evident thdbmestt agricultural prices consistently play an important role

as a driver of retail food prices.aviufacturing costs (whether labour or other costs such as energy and
raw materialsplsoplay important roles. Estimates presented in the table suggest thatdbtsskave

larger effectshanfood import price®r effective exchange ratesmderying the importance of the costs

that impact on the food chain in UK food pric&his, of course, is not to infer that international costs

do not matter; they do. Butetrole of domestic factors has increased and this observation is consistent
with the evidence reported in Table 2 with reference to the upBetedl model.

Table 7: The Estimated Dynamic Response of Food fces (%) to a 10% Change 3, 12 and 36
Months following Specific Shocks

Effect on Food Prices (%)
Variable being shocked by 10% Shortrun Mediumrun Long-run
(3 months) (12 months) | (36 months)
Domestic Agricultural Prices
(08 6 § 'O 1.18 2.86 4.60
I’Dorpestlc Labour costs 0.35 1.24 2 29
(00 ¢
Domestic (noAdabour) input costs in UK
manufacturing 0.00 1.22 2.74
(Yo 0 Q0
egrlcgltljral and food import prices 0.36 0.94 178
(Ov o)
Effective Exchange Ral®@’O'Y 0 0 0.60 1.28 2.00

5 The choice of 3, 12 and 36 months is somewhat arbitrary. All impulse responserfsiacéglotted throughout
the forecast horizon in the figurabove so the table merely offers a useful summary ofttenates based on
theimpulse response coefficients at $1el2 and 36 month horizons.
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7. Extendon: Food Prices and Incone Deciles

The potentially disparate impact of high food prices across different income groups iskaomgll
observation in the economics |iterature. Engel 6s
higher proportion of their disposable incemmn food products, the impact of high food prices on lower
income groups will be more significant compared with high income groups that spend a lower
proportion of theiincome on food. In this sectipwe explore the potential for different income dexile

to be impacted differentially by changing food prices. However, the focus of the mechanism via which
food prices may have an impact across different income deciles is distinct from thaaovetl Engel

effect; specifically, since the weights on the cosipon of individual food groups may vary across
income deciles, for a given change in any of the factors that may affect price transmission throughout
the food chain, the transmission mechanism itself may vary across income groups. For example, if one
income group spent a high proportion of their food expenditure on specific forms of food from a specific
geographic region and the composition of food expenditure for a different income group relied on
different categories of food from an alternative geogi@apburce, a change in the import price index

will be transmitted differentially across these income groups. This inflation transmission effect is in
addition to the Engel effect and, as far as we are aware, has received only limited attention in the
econanics literature to date.

We provide some insights into addressing this issue. To do so, however,degdiressing a number

of challenges primarily relating to constructing retail food price indimesachincome decilehat will

replace the more redgiavailableeconomywide averageetail food price index that has been used in

the model estimates above. Following the construction of the new incomesyeagiiéic price indices,

we then reestimaté the econometric models as set out above and exilbecextent to which the
transmission elasticities vary across income groups. We confine the results to the lowest and highest
income decilesand also note othexociceconomicdimensions where the impact of retail food price
effects may be identified witsuitablyconstructed data series.

Data Issues

Therewere two main steps in deriving the dec#pecific price indices. First, expenditure on-dis
aggregated food groups by income decikthbdbe employed in order to derive the shares of expenditure
spenton specific food itemsSecond, when the shares have been derived, thegdieede matched
with the price informatiornused to construct the Retail Prices Index (Rét}the identical food groups

to produce decilspecific price indices.

We sourcd income decile food expenditure data from thging Costs and Expenditure Survey
published by the Office of National Statisti®NS). This source providik annualinformation on
expenditure across ajjoods and services purchased by consumers, one categehjcbf is food
expenditure Within this category (which excludes expenditure on food purchased for consumption
outside the home, such as restaurant methisje are data on consumer spending specific food
groups(such as breaamilk and beef) for eacincome decile of the UK populatiorExpressing this
expenditure as a share of total food expenditure (where the latter category excludes food away from
home) we wereable to compute the weights of each food category by income decilable8, we
reproduce the base dataurce for a given year (2016).
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Table 8: Food Expenditure on Specific Food Groups across Income Deciles, 2016

(Weekly Expenditure, £)

Lowest Second Third Fourth Fifth Sixth Seventh Eghth Ninth Highest All

ten decile decile decile decile decile decile decile decile ten house-

percent group group group group group group group group percent holds

Bread, rice and cereals 2.60 3.30 4.00 480 5.00 5.80 570 6.20 7.00 7.00 5.10
Pasta products 0.20 0.30 0.30 040 040 050 0.50 0.60 0.60 0.60 0.40
Buns, cakes, biscuits etc 2.00 2.50 3.10 3.70 3.60 4.00 3.90 4.10 4.90 5.30 3.70
Pastry (savoury) 0.40 040 0.60 0.70 0.90 0.90 1.00 120 1.20 1.20 0.80
Beef (fresh, chilled or frozen) 0.70 1.10 1.50 1.70 2.00 1.90 1.90 2.10 2.90 3.30 1.90
Pork (fresh, chilled or frozen) 0.40 0.30 0.50 0.50 0.70 0.70 0.60 0.70 0.70 0.70 0.60
Lamb (fresh, chilled or frozen) 0.30 0.40 0.50 0.60 0.60 0.60 0.60 0.50 0.80 0.80 0.60
Poultry (fresh, chilled or frozen) 0.80 120 1.50 180 230 250 280 270 350 3.60 2.30
Bacon and ham 0.40 0.70  0.90 0.80 0.90 0.90 0.80 1.10 1.00 1.20 0.90
Other meat and meat preparations 3.40 460 5.20 5.70 6.00 6.30 6.70 7.70 7.30 8.50 6.10
Fish and fish products 1.50 1.80 2.00 220 250 2380 300 310 4.00 4.50 2.70
Milk 1.40 180 1.90 220 230 250 220 240 230 2.40 2.10
Cheese and curd 0.90 1.10 1.40 1.60 190 2.00 2.30 2.60 2.80 3.10 2.00
Eggs 0.40 0.50 0.50 060 0.70 0.70 0.80 0.90 0.90 1.00 0.70
Other milk products 1.00 140 1.60 200 210 230 250 270 290 3.20 2.20
Butter 0.20 0.30 0.40 040 040 0.30 040 050 0.50 0.50 0.40
M argarine, other vegetable fats and peanut butter 0.40 0.40 040 050 050 0.50 0.50 0.50 0.60 0.60 0.50
Cooking oils and fats 0.20 020 0.20 040 030 0.30 040 040 040 0.40 0.30
Fresh fruit 1.60 220 280 3.00 370 3.9 440 470 5.60 6.40 3.80
Other fresh, chilled or frozen fruits 0.20 0.20 0.30 0.50 0.50 0.40 0.50 0.50 0.60 0.70 0.50
Dried fruit and nuts 0.40 040 0.50 060 0.70 0.90 090 120 1.30 1.50 0.80
Preserved fruit and fruit based products 0.10 0.10 0.10 0.10 0.20 0.20 0.10 0.20 0.20 0.20 0.10
Fresh vegetables 1.70 220 270 330 390 4.10 500 520 6.30 6.90 4.10
Dried vegetables [0.00~] [0.00~] [0.00~] 0.10 010 0.0 0.00~ 010 0.10 0.10 0.10
Other preserved or processed vegetables 0.70 0.80 1.10 1.40 1.30 1.60 1.70 2.10 2.30 2.40 1.50
Potatoes 0.40 0.60 0.70 0.80 0.80 0.80 0.80 0.90 1.00 0.90 0.80
Other tubers and products of tuber vegetables 0.90 1.20 1.20 1.50 1.70 1.80 1.60 1.90 210 1.90 1.60
Sugar and sugar products 0.20 0.30 0.30 0.30 040 0.40 050 040 0.60 0.50 0.40
Jams, marmalades 0.20 0.20 0.20 0.30 030 0.40 030 040 0.30 0.40 0.30
Chocolate 0.90 120 1.50 1.70 180 2.00 230 220 270 2.80 1.90
Confectionery products 0.40 0.60 0.60 0.70 0.90 0.80 0.80 1.00 1.00 0.90 0.80
Edible ices and ice cream 0.30 040 0.40 0.60 0.70 0.60 060 0.70 1.00 0.80 0.60
Other food products 1.10 140 1.80 210 240 240 280 320 3.80 4.20 2.50
Coffee 0.40 0.60 0.90 0.70 0.90 0.80 0.90 120 1.10 1.30 0.90
Tea 0.30 040 0.50 040 040 0.50 050 0.60 0.60 0.60 0.50
Cocoaand powdered chocolate 0.10 0.10 0.10 0.10 0.10 0.20 0.10 0.10 0.10 0.10 0.10
Fruit and vegetable juices (inc. fruit squash) 0.50 050 0.70 0.90 1.00 1.10 1.10 1.30 1.50 1.80 1.00
Mineral or spring waters 0.20 0.20 0.20 0.40 0.40 0.40 0.50 0.40 0.50 0.60 0.40
Soft drinks (inc. fizzy and ready to drink fruit drinks) 0.90 1.30 1.30 1.80 2.10 2.00 2.10 220 230 2.30 1.80
28.7C 37.2C 44.4C 51.9C 57.4C 60.9C 64.1C 70.5C 79.3C 85.2C 57.8C

Source:Living Costs and Expenditure Survey, 2017.
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Our data coverage for the econometric madekrs the period, 1992017. Given this almost 20 year

time span, it is feasible that tastes and diets may have changed both within and across income deciles.
To address this issue, we therefore sourced food expenditure for all years of our data toderage

annual weights for specific food groups across each income decile. These annual weights will therefore
form the basis of the new income decile price indices employing a-lohiega process to allow for the
weights to vary annually.

The next stpwasto source price data that matches the specific food groups shown indTadizee.
Thesedatawere sourced from the ONS and, for most food growe,available for the full period.

However, in a limited number of cases, there appeared slight chamtges product coverage of the

food groups (e.g. relating t o,indudh cades,fwe appliediaon o f
concordance across product groups to derive a uniform price series.

Differences in Food Inflation across Income Degile

The decilespecific food price indiceare derivedusing the combination of chaimeighted annual

weights and price series for the main 26 food groups listed in Falfleve. Due to a reategorisation

of the expenditure data in the late 089which preided an amendment tthe data series, we
constrained the time period of the data coverage to-200@.

To investigate how food inflation may differ across income deciles, we derived the food inflation level
for both the lowest and highest income decildss comparison is shown in Figu®. As is evident

from the figure, the food inflation experience differs between these two grgiupe: thatthe price
series is a common input into the derivation of the inflation indices, the differericed inflaion
experienced by the poorest and richest deciles arises from differenthebaskets of foodhatthey
consumeas measured bie time varying weights that are applied by these income groups over the
time period. We also compare the food inflatiorxperiences of the lowest and highest deciles
compar ed t o .dlslislpresertad ;1 €&iueelld s 6

In interpreting theseata,when the observations lie above (below) the horizontal axis, this indicates

that the lowest income decile faces highlewér) food inflation than the highest income dedilhile

there is no particular pattern to these contrasting inflation experiences, the data clearly point to notable
differences. The most obvious pattern is that the comparative experience of foahiaftapss deciles

has considerably more variation in the period from 2007 onwards. This period coincided with
commodity price shocks on world markets and whi
indices as reported in Figuressdabove. In tens ofretail food prices, food inflationn the UKwas

more volatile in this period (Lloydt al,, 2015.

7 Note that while the data allow us to deteiffedlences in consumption patterhetweenfood categories by
income decile, the data are not sufficiently detailed to detect differences in quality within food categories.
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Figure 10: Differences in Food Inflation ExperiencebetweenLowest Income Decile Compared
with Highest Income Decile.
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Figure 11: Differencesin Food Inflation Experience betweenLowest and Highest Income
Deciles Compared with All Households
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Estimating the Price Transmission Effects by Income Decile

In Table9, we report the results from estimating the econometric specification with impdttsive

of both agriculturalproducts and processéabd imports as presented in Tab&above.Bearing in

mind the caveat relating to the differences between the partial elasticity effects and the impulse response
impacts, we confine the discussion hereéhe transmission elasticitiésr ease of comparison across
different groupsThe key difference with the results presented here is that the dependent variable in
each case relates to the income degjilecific price index. A comparison of the lenm elasticities
between the lowest and highest deciles indicates close similarities in the magnitude of the elasticities.
There arenotable difference in the magnitude of the elasticitfes domestic labour costs, the
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transmission elasticity for the lowedecile is 46 per cent higher than the labour cost transmission
elasticity for the highest decile (0.174 per cent compared with 0.119 per centO; imptre price
index: the ratio of the difference being around 11 per @h61 versus 0.145).

This difference in themport priceelasticitiesis consistent with the inflation experience of the two
deciles reported in FigutkO above. It is evident from that figure that retail food inflation for the lowest
income deciles imore variablghan the highest dde. The relatively higher transmission elasticity is
consistent with ti$ asit implies that changing import prices have a greater impact on the lowest decile
both when import prices are rising and when they are falling.

Table 9: Long-Run Elasticity Estimates over Different Income Deciles:
(Lowest Income Decile and Highestricome Decile)

Lowest Highest
Income Income
Decile Decile
Elasticity of UK retail food prices (r;) with respect to:
Index of UK agricultural output pricesgy) 0.329 0.392
(0.000) (0.000)
Domestic labour costshj 0.174 0.119
(0.012) (0.138)
UK manufacturing input costsn) 0.119 0.113
(0.024) (0.060)
Import price index for agricultural and manufactured produgts ( 0.161 0.145
(0.013) (0.070)

Elasticity of Index of UK agricultural output prices (pr) with respect to:

Import Price Index for agricultural and manufactured produgts (i 1.308 1.300
(0.000) (0.000)

Effective exchange rate for agricultural imp¢afs -0.725 -0.702
(0.03)) (0.000)

To recap, the main insight frorthe results presented in Talflds that the inflation transmission
mechanism can vary between income deciles and that the effect of changes in the prices of food and
agricultural imports is in addition to the impactsasiated with Engé Law. However, these
differences in the transmission elasticities do not translate into significant differences in the outcomes
from impulse responses which implyat there are some offsetting factors that countervail the impact

of import prices. This issue is worthy of further research (for example, by also accounting for the overall
expenditure in food across income deciles).

8. Extension: Food Price Transmission and Entry of Discounters

We also extend the analysis to consider thiemtial impact of the entry of discounters into the UK
retail food sector. Market shares of discountergeincreased significantlgince 2010 and may have
affectedthe functioning of the incumbent main retaileiis.the context of the current resegrare
addresswhether the entry of retailers would have had an impact on the estimatesnission
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elasticities. Befor@roceeding, we should note three caveats to avoid inappropriate interpretation of the
results.

First, the model presented here is basetherime series properties of price series: it is not a structural
model of competition that would be employed to formally test the impact of market entry on prices or
the competitive behaviour of incumbent firms. Second, to the extent that the enisgmfrders did

have an effect on the functioning of food chains as a whole, all or some of the transmission elasticities
could have changedoreover, attributing the observed changes to this cause ignores the effects of
other factors that have changed iotle period whose effect may weaken or strengthen any discounter
effect. Third, to the extent that recent theoretical and empirical resesidhesses howprice
transmissiorand competition in specific marketthe outcome of this research has shown that
impact of increasing competitiam price transmissiois potentially ambiguous. In principle, while it

may be expected that more competition increases price transmission (see, for example, Mc€&orriston
al., 1999, more intense competition could rem price transmission if the market was highly
concentrated to begin with.

With these caveats in mind to caution against-av&rpretation of the impact of increased competition

in the UK food sector, we estimated an additional version of the ecomometitel that applies to the
imports of processed and raw agricultural commodities. In this version of the model, the data end point
was constrained to December 2011 when the discounters may have initially been making an impact;
these results are compamegith data covering the full sample period when the impact of discounters on
the UK retail food sector would have been more fully materialised. The results from this comparison
are presented in Tabl® below.

As can be seen from the results, transmisslasticities havehanged from the earlier samgleriod
(19962011) through to the later period (192617).Elasticity estimates change in different directions:
for domestic agricultural prices, the tramssion elastity increase from 0.062 per cenot0.236 per

cent. For impord agricultural and processed fgmadducts, the elasticity has decreased. These changes
may reflect other factors, for example, changes in domestic sourcing over the two periods.

In terms of the imact of international factorsn domestic agcultural prices in the second-
integrating relationa comparison of the two sample periods also indicasggnéficantchange in the
transmission elasticitiethe transmission elasticity with respect to import pricesdeaseased.170
compared with 1.453while the elasticity with respect to the effective exchange rate has more than
doubled (1.852 versus 0.715). These results would seem indicative of domestic agricultural prices being
more exposed to international factors in trecduntetinclusive periogwhich would also translate into

more variable food inflation given that the elasticity of retail food prices to domestic agricultural prices
has also increased significantly in this time period.

In broad terms, the evidence bdee the early period requires further enquiry so that the potential
impact of discounters into the retail sector should be thoroughly investigated. For tH20199@sults
reported in Table 10, they are generally in line with the prewi@aission reking to Defral above

i.e. international factors were relatively more important in determining retail food prices than domestic
factors as reflected in the relative sizes of the coefficients in relation to the import price index. However,
as we have showin relation toDefral, there are other factors that would have been important in the
earlier period that are not accounted for in estimating the current specification with the shorter data
period including, most notably, the role for oil prices. This megount for the relatively lower impact

of exchange rates and the sign on manufacturing input costs that record an impact opposite to what we
would have expected and which has been confirmed to positively impact on retail food prices in the
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extended samplén sum, this issue regarding the changing structure of the food supply chain warrants
further investigation.

Table 10: Long-Run Elasticity Estimates over Different Sample Periods: 1998011 and 1996

2017

Sample Sample

Period: Period:

19962011 1996

2017

Elasticity of UK retail food prices (r;) with respect to:

Index of UK agricultural output pricég) 0.062 0.236
(0.308) (0.001)

Domestic labour costslj 0.422 0.306
(0.000) (0.000)

UK manufacturing input costsn) -0.071 0.135
(0.029) (0.055)

Import price index for agricultural and manufactured produgts ( 0.511 0.168
(0.000) (0.009)

Elasticity of Index of UK agricultural output prices (p:) with respect to:

Import Price Index for agricultural and manufactureddpicis (j) 1.453 1.170
(0.000) (0.003)

Effective exchange rate for agricultural imp¢ats -0.715 -1.847
(0.009) (0.000)

9. Summary

The research reported here highlights several innovatiomedellingretail food inflation compared

with the Defral model. In particular, a key feature of the current projgtd develop import price

indices that more accurately reflect UK imports of agricultural and food imports both in terms of what

and where imports are sourced from. This is essentiabtoypgr d e a basi s f or asses:c
profile andthe corresponding trade measures that apply on specific product groups from EU-and non

EU trading partners. As suctine new price indices can then be utilised to accommodate changes in
aggregateprice ndi ces as atrangemedtk bangeaflel | owing the UK®G6s
European UnionThe new price indices form a key input into the revised econometric model which
guantifies theeffects of the majodeterminants of retail food priceShere are two versions of this

model: one which focuses on agricultural products; a second which covers agricultural products and
processed food, the inclusion of the latter also being a key feature of the research. From this, we can
derive the impacts of chges in the key determining variables of UK retail food inflation which can be
reported via transmission elasticities and impulse response functions.

The key results fnm the econometric model confirtime important role played lmomestic agricultural

output pricesnonagricultural costs (such as labour and energgport pricesand exchange rates in

UK retail food inflation While international factors are important, retail food inflation is found to be

more responsive to domestic agricultural pricesntimport pricesonce interactions between the

variables is allowed forModels involvingé a g r i -o o lapddraggr i cul t ure and pro
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import price indices and effective exchange rate weightamgssimilarin terms of the insights they
produce

A key output arising from the derivation of the new import price indices and the econometric models is

the development of a user platfQr8TEFI(Scenario Tool Exeter Food Inflatiothat can be readily

employed by specialists and nspecialist@atDefrat o addr ess al ternative scen
exit from the EU and how the resulting changing patterns in the profile of trade measures and the
geography of trade will impact on retail food pricB3EFItherefore requires detailed inputs on trade
measures that will apply across the 20 commodity chapters and 8 regibits.STEFI usesthe

estimates from the econometric model, there is no requirefeentisersto have a detailed
understanding of the econometric issues invohgeing Excelbased,STEFI is usetfriendly and

flexible. Of course, the estimates from the econometric model can be updated and there are potentially
wider uses of the platform that could be considered in the future.

There are two issues that could improve the insights affigingthe research reported he@ne issue

that requires further development in the employment of this assessment tool is to accommedate non
tariff measures that apply to agricultural and food imports by trading partneadrtaloremtariff
equivalentsof nontariff measures areften higher thanad valoremtariffs and the incidence and
coverage of antariff measures are greaten food and agricultural products compared with other

traded productésee Berdemt al, 2013, and Eggest al, 2015. Of caurse, norariff measures in the

food sector are complex and it can be the case that som&nfbmrmeasures are potentially trade
enhancing (i.e. food standards reassure consumers about food safety issues and therefore can increase
trade). Neverthelesagcounting for nortariff measures would therefore providere accuracy on how

food and agricultural imports will be affected in the gBstxit trading environment.

Secondfurther investigation of the impact on different household types may be warrdheehitial
exploration of this issue in Section 8 suggests that important differences in food inflation across income
deciles existand therefore that the K 6departurefrom the EUmay impact differentially across
income deciles. Thignalysiscan beextended to address alternative characterisations of household
types (e.g. retired households) that will give more palegvant insight into the impact that changes

in the geography of UK trade and the corresponding changes in the profile of traeles lmaay affect
different groups.
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Appendices

Appendix 1: Table 1List of All Variables Considered in Model Specificationand Data Sources

Variable Definition
FCPI Consumer retail price index of food.
Domestic Input Prices and @sts
DAOPI Domestic agricultural outputriges. Index of farm gate prices in UK
DLC Domestic labour @sts. Index of average earnings in the UK.
UKMIC UK manufacturing inputasts. Index of input costs in UK manufacturing including
energy and raw materials (excluding wages and salaries of labour).
UKFMIC | UK food manufacturing ingt costs. Index of input costs in UK manufacturing
including energy and raw materials (excluding wages and salaries of labour).
UKMOPI | UK manufacturing outputrices. Price index of goods soldthre UK made by UK
manufacturers
UKFMOPI | Food manufacturig output prices. Price index of goods sold in the UK market by
UK food manufacturers.
Demand
UR Rate of memployment in UK
UN Numbersin unemployment
JVR Job vacancyate
Import Prices
IPA Import price index of agricultural products enterinig.U
IPM Import price index of processed/manufactured food products entering UK.
IPAM Import price index of agricultural and processed/manufactured food products el
UK.
Effective Exchange Rites
EERA Effective exchange rate of agricultural impariwo the UK.
EERM Effective exchange rate of manufactufedd imports into the UK
EERAM Effective exchange rate of agricultural and processed/manufaé¢taedmports
into the UK
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Appendix1: Table 2- Variables Used in Final Specificationsand Data Surces

Variables  Definition Source Series Sample Notes
Code

FCPI UK Consumer Retai Office for National Statistics (ONS) D7BU 1988(1) 2018(7) Food and nosalcoholic beverages ¢

Food Price Index. https://www.ons.gov.uk/economy/inflatic 2005(M1)=100 retail
nandpriceindices/timeseries/d7bu/mm2:
eferrer=search&searchTerm=d7bu

DAOPI Index of UK DEFRA Index 2005=100
agricultural output
prices at the farrgate.

DLC Index of domestic Office for National Statistics (ONS). KAB9 Denoted LMNQ previously. 2000=10(
Labour costs definel Rebased to 2005(M1)=100.
as average Earninc
index for the UK
(seasonally adjusted).

UKMOPI  Price index of goods Office for National Statistics (ONS) Jvz7 Index 2010=100. Se
sold by UK https://www.ons.gov.uk/economy/infla
manufacturers i.e. th onandpriceindices/bulletins/producerp
price of goods outpu ceinflation/july2018for details
(produced) by the UK
manufacturer and sol
within the UK market
(Output PPI).

UKFMOPI Price index of good: Office for National Statistics (ONS) K37L 1996(132017(12) See above for details

sold by UK food
manufacturers i.e. th
price of goods outpul
(produced) by the UK
food manufacturer an

Index 2010=100
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sold within the UK
market. (Output PPI)

UKMIC UK manufacturing Office for National Statistics (ONS) K646 1996(1)32018(7) See above for details
input costs including
fuel and mateals

UKFMIC UK food Office for National Statistics (ONS) MC35 1996(132018(7) See above for details
manufacturing  inpu
costs including fuel
and materials

EERAM Effective = Echange Aut hor sé <cal cul at. Index Based on HMRC chapters coveril
Rate for agricultura _ agricultural commodity and foo
and manufactured foo 20022004=100 products (0115, 1701,1801)
imports into the UK.

EERA Effective = Exchange Aut hor sé <cal cul at. Index Agricultural commodities only (HMRC

Rate for agricultura
imports into the UK

EERM Effective = Exchange Aut hor s
Rate for manufacture:
food into the UK

20022004=100 Chapters 0415, 1701,1801)

O
(@]
o]
(@]
c

ati Index Processed food pdocts only (16,
20022004=100  1702,1802,1@2)

IPAM Import Price Indexfor Aut hor sé cal cul at. Index Based on HMRC chapters coveril
agricultural and _ agricultural commodity and foo
manufactured fooc 20022004=100 products (0116, 1701,1801)
imports into the UK.

IPA Import Price Indexfor Aut hor sé cal cul at. Index Processed food products only (1
agricultural products 20022004=100 1702,1802,122)
into the UK

IPM Import Price Index for Aut hor sé cal cul ati Index

manufactured food

products into the UK 2002-2004=100
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POIL Oil Price on world http://www.imf.org/external/np/res/comn POILBRE USS$ per barrel. 1996 (7) =100
market; UK Brent, od/index.asp

light blend 38 API, fob
U.K.
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Appendix 2: Creation of the Data
Price Indices Some technical background

In generalthe expenditure on a group”® ph88& products at a poitiisB | wheren
andn j, are the prices and quantities of each product in the glp@eross two periodésay 0 and),
the same quantities of each product were soldatoith 1y 1 , but under different prices, then
a simple price index would take the form:

B R
R (A1)
However, since quantities are likely to be different at the two points in time, wedteeatcount for
the changing relative importance of each product in the price indexwakiachieved by weighting
eachprice by the quantity. However, if we did this simply by using:

B—F‘*:‘ (A2)

this new index would not distinguish changes in quantities from changes in prices and as a result the
index is asmuch a gantity index as a price index (doubling prices keeping quantities constant would
double the index but so would doubling the quantity keeping the price constant). In order to gain a pure
price index, we neetito control for changes in quantities and thestrmmmon way to do this is by

using a weighting scheme that is fixed to some point in the sample so that the index measures price
changes alone relative to the level in some base (Laspeyres) or current (Paasche) period.

A simple Laspeyres price indexaesmputed as:

6 -—=nn (A3)

wherel is the index of the price levelsrfthe group oh products at pointrelative to their values at
0 T, the base period (usually the first ye&tdte that we can rewrite the Laspeyres Price index using
expenditure weights rather than quantities. Defirfiyg as the expenditure ifné¢ base period then

O N pN i and thereford i, —: Substituting these into the Laspeyres price index above gives:

B 10 B Dy

l
o8]
=2
=2
=y
=
«
oy}

=2

if - (A4

from which we can see that the price index is the sutheofelative prices multiplied by the share of
the prices in the base period.

There are a wide range of price indices that can be used each with their own advantages and
disadvantages. While the most commonly used is the Laspeyres index which useshaightsixed

to a specific time or time span, a chiiitked Laspeyres index updates weights every period and as a
result overcomes the problem of outdated weights. This is advantageous when the weights are changing
systematically over time. We use thaspayeres index approach in the derivation of the import price
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indicesto facilitate a comparison between the new import price indices for UK food and agricultural
imports and other commaodity price indices widely available such as the FAO Food Price Index

Import Prices (Unit Values)

For each of our 20 commaodity groups, we créatrit value series for each of the 8 geographical
regions. These are then weighted by the value share of the region to produce an overall unit value for
each commodity group. Athe unit value series are expressed in £/unit of net mass (typically kg).

In what follows, superscripts denote the commaodity groups (01, 02 . .. 22) and subscripts denoting the
"Q region and time period, so that, for example, a unit valodex for HSO1 (live animals) denoted
Y& based on imports from the eight regions is given by:

Yo B i Yo (AB)
Yo : the weighted average unit value (£/kg) of live animals attiineen all overseas (EU and Nen
EU) sources;

"Yay : the unit value (£/kg) of live animals imported from teregion at time ;

i : the vdue share of live animal imports coming from tQesupplier at time (i.e. the proportion
of the value of live animals coming from tli& region).

Being unit values, they are derived from the value and quantity of imports and are herseezkin

£/kg. As a resujtheywereuseful for addressing issues relating to changing the geography of UK trade
associated with relative prices. Unlike the price indicesvilea¢subsequently created and whighre
normalised to a specific base ye&e unit values are in absolute (rather than relative terms) and hence
explicitly allow us to acknowledge different price levels from different sources. This is pertinent for
addressingostBrexit issues further down the lings a result, these unit vakiéormedthe basic data

for subsequent manipulation and from which the price indiezscreated.

The Laspeyres weighting scheme used by the FAO

The Laspeyres (historical base period) weighting scheme measures changes in prices réhative to
prices ofa composition of products imported in a base period, which in its simplest form is a single
period at the start of the sample. Other choices of base perititihave beensed. Given the volatility

of commodity prices, it is typical to use an averagei@alver a relatively long period to lessen the
effect of this perioebn-period variation in composition. Looking at the construction of other commodity
price indices (e.g. the UN FAO Food Price Index), we wdyiith the Laspayeres index with the base
period for constructing shares and the base period as the 3 year average for the middle years in our time
series (i.e. 2002004). In a recent note (FAO, 2014), the FAO show that it would not seem to matter,
at least with working with world prices, whether these year is different (say, due to the commodity
crises in 20008 and 2011) or whether an alternative price index is used (e.g. Paasche or other
alternatives). As a result, we uls Laspeyres index where the base period is an average of the data in
20-2004. This is consistent with the FAO commodity series and thus fadilgat@zect comparison

with their overall commodity price index as well as the-satmponent (e.g. mear sugar) of the main

index.
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Price indices for each commodity group byimy

In this section, we detail the creation of Laspeyres price indices by region for each of the 20 commaodity
groups using FAO (2002004) weighting (Step lll). These regional price indicesethen combined

to form a price index at the commodity groepél (Step IV). As before, we will illustrate the methods
using the nomenclature introduced previously, so that:

000 0B ij —- (A7)
h

is the Lasepyres price for index live animals at tifinem all sources using FAO (20@2) expenditure
weights with:

—"  § "0, "Being the price index of live animals from regitn pfesy at timet relative to the
h

base period (average of 202Q04) and , is the value share live animals imports coming from region
"Q phW at timet relative to the base period (average of 22004).

This price indexwasthen weighted by the value share of live animals in total imports to form the
aggregate import price series (see below). For each of these commodity group legs| thdiregional
weights differ, being specific to each commaodity group.

AggregatePrice Indices
The aggregate import price index using Laspeyres weighting at tinggven by:
000 "B 0 0000 (A8)

where0 "O0 i¥the import price index aggregated across all@hmodity price indices at time

0 "0O0 J@ndv  is the weight of each commodityayp in total agricultural and food imports with the
weights based on the share of the import value of the chapter in the total value of imports. sdime

a complement to this overall import price index, we also addgatices for agricultural commoii

imports based on 13 unprocessed commodity groups (HS2 groups 01, 02, 03, 04, 07, 08, 09, 10, 11, 12,
15, 1701 and 1801) and another series for processed products based on 7 food and beverage groups
covering processed and manufactured products (HS2 gyl 702, 1802, 19, 20, 21 and 22). The
weightsO , change reflecting the importance of each commaodity group level in the aggregate in which

it belongs.

Effective Exchange rates

The effective exchange rates (continuing the example presentediitinguthe construction of the
import price indices above) for live animals at titiig given by:

00Y {;0Y B {0V (8)

i { is the import sharef live animals imports from Euro countrids;, is the share from regio@

cheshyp at timet; O'Y andO'Y are the exchange rate Euro t&t€rling and US$ int€ Serling at
timet.

EffectiveExchangeRatefor Agricultural Products
The aggregate agricultural effective exchange rate atttisngiven by:
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00Y B 0 0OY (9)

whereO'0'Y is the aggregatagricultural effective exchange rate at timé §;  is the weight of the

chapterc in total agricultural import value at tinteand theO O Yis the effective exchange rates for
chapterc at timet. It is worth noting that the aggregatgricultural effective exchange rate will involve
theHS2 groups 01, 02, 03, 04, 07, 08, 09, 10, 11, 12, 15, 1701 and 1801.

EffectiveExchangeRatefor ProcessedProducts
The aggregate processed effective exchange rate atisrgeven by:
00Y B 0 0O0Y (20)

whereO'0'Y is the aggregatprocessed effective exchange rate at time ; and’O O Yare the

weight ofthe chapter in the total processed import value and the corresponding effective exchange rate.
The calculation is based on the processed products (HS2 groups 16, 1702, 1802, 19, 20, 21 and 22).

EffectiveExchangeRatefor All (agricultural and processedroducts
The aggregate effective exchange rate at tilmgiven by:
O0Y B 0 y00Y (11)

where théOD 'O "¥s computed for the whole 20 chapte¥s represents the import share of the chapter
in the total import value dimet, its corresponding effective exchange rate is denot€@f@sy
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Appendix 3: Descriptive Data Analysis

Appendix Figure 1: Retail Food Price Index(natural logs)
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Appendix Figure 2: Index d UK Agricultural Output Prices (natur al logs)
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Appendix Figure 3: UK Domestic Labour Costs(natural logs)
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Appendix Figure 4: Unemployment and Job Vacancy Rate
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Input cost indices (natural logarithm)

Appendix Figure 5: Number of Unemployed (000s)
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Appendix Figure 6: Indices for Input Costs Sries (natural logs)
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Import Price Indices (natural logarithm)

Effective Exchange Rates (natural logarithm)

Appendix Figure 7: Import Price Indices (nhatural logs)
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Appendix Table 3: Summary Statisticsfor the Main Variables

Variable Obs Mean Std. Dev. Min Max
FCPI 241 47280 0.16% 4.5131 4.9841
DAOPI 241  4.8218 0.2419 4.4847 5.2707
DLC 241  4.6528 0.1781 4.2799 4.9000
UKMOPI 241 45410 0.1072 4.4116 4.7041
UKFMOPI 241 45235 0.1496 4.3490 4.7501
UKMIC 241  4.4096 0.2454 4.0809 4.7950
UKFMIC 241  4.4915 0.1882 4.2456 4.7867
UR 241  1.7931 0.1884 1.4816 2.1518
UN 241  7.4822 0.2062 7.2130 7.8827
JVR 194  0.7665 0.1501 0.4700 0.9933
EERAM 241 03212 0.1004 0.0849 0.4641
EERA 241 03581 0.0911 0.1388 0.5032
EERM 241  0.2648 0.1143 0.0139 0.4274
IPAM 241  4.8138 0.1910 4.5340 5.18@
IPA 241  4.8492 0.2224 4.5200 5.2862
IPM 241 47937 0.1679 4.4552 5.2073
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Appendix Table 4: Non-Stationarity Tests

Panel A: Augmented Dické¥ruller unitroot test with level data

(Null: a variable follows a unitoot process)

Variables Constant Constant and Trend

FCPI -0.217 -1.108
DAOPI -0.107 -2.195
DLC -1.939 -2.240
UKMORPI 0.741 -1.537
UKFMOPI 0.948 -1.956
UKMIC -0.340 -1.403
UKFMIC 0.360 -1.758
UR -0.004 0.220
UN -0.161 0.249
JVR -1.033 -0.858
EERAM -0.747 -2.251
EERA -0.676 -2.083
EERM -1.042 -2.604
IPAM -1.160 -3.133*

IPA -1.333 -4,043%**

IPM -2.803* -4.,453%**

Panel B: Augmented Dickéffuller unitroot test with differenced data

(Null: a variable follows a unitoot process)

Variables Constant Constant and Trend
FCPI -13.693*** -13.664***
DAOPI -12.787*** -12.801***
DLC -20.361*** -20.589***
UKMOPI -8.504*** -8.517***
UKFMOPI -8.753*** -8.809***
UKMIC -11.438*** -11.420%**
UKFMIC -12.251%** -12.265***
UR -11.206*** -11.214%**
UN -9.690*** -9.694***
JVR -12.859*** -13.055***
EERAM -14.020%** -14.041%**
EERA -14.320%** -14.358***
EERM -14.644*** -14.646%**
IPAM -17.063*** -17.056%**
IPA -20.542%** -20.527***
IPM -21.194%%* -21.166%**
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Panel C: PhillipsPeron unitroot test with level data
(Null: a variable follows a unitoot process)

Variables Constant Constant and Trend
FCPI -0.358 -1.149
DAOPI -0.408 -2.421
DLC -2.910** -1.650
UKMORPI 0.287 -1.725
UKFMORPI 0.382 -2.001
UKMIC -0.551 -1.781
UKFMIC 0.064 -1.875
UR -0.552 -0.413
UN -0.654 -0.455
JVR -1.266 -1.083
EERAM -0.944 -2.538
EERA -0.924 -2.406
EERM -1.042 -2.749
IPAM -0.691 -3.037
IPA -0.732 -3.863**
IPM -2.067 -3.793*

Panel D: PhillipsPerron uniroot test with differenced data

(Null: a variable follows a unitoot process)

Variables Constant Constant and Trend
FCPI -13.779*** -13.752*%**
DAOPI -13.101%** -13.114%**
DLC -23.117%** -24.365%**
UKMOPI -8.532%** -8.545%**
UKFMORPI -8.998%* -9.074***
UKMIC -11.629%** -11.612*%**
UKFMIC -12.459%** -12.470%**
UR -11.721%** -11.730%**
UN -9.991*** -9.995%**
JVR -13.065*** -13.229%**
EERAM -14.049%** -14.065%**
EERA -14.390*** -14.421%**
EERM -14.619*** -14.621***
IPAM -17.783*** -17.796%**
IPA -21.616*** -21.633***
IPM -23.352%% -23.352%%
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Appendix 4: Econometric Methods

In this appendix, we extend the discussion of the econometric methodology as reported in Section 5 of
the report.

To estimate th parameters of the model we adopt aif@egrated Vector Aut&Regression (6/AR).
Technical details are given in Davidsenal.(2016) so the following merely provides a sketch of the
econometric methods. In general terms, théAR is given by standardector auteregression, namely:

Xt:F]_Xt_1+F2Xt_2+...+F pXt_p+YDt+et (1)

in which coefficient restrictions are incorporated that correspond to theuongconomic equilibria
that are posited to exist among the variablesan Statistical tests are employed to ascertain the
congruence of the loagin relations with the dat#s discussed in the report, this gives rise to two
equilibrium relationships, one relating to domestic price transmission and the other relatadgto
Thesetwo economic equilibriare given by

Price Transmission Equilibrium
1T Qs0™0f 1T /0)r 11X, # 1 11%+-)#1 11)C0! -
(2a)
TradeEquilibrium
1T@O00r 11T%%2! -1 11'Q060 (2b)

Returning to (1), note that deministic terms (constants and trends) populate is a vector of
disturbances, each element of which is assumed to be serially independent with zero mean and finite
covariance matrix, . While (1) captures the dynamic correlations betwhervéariables succinctly, the
C-VAR is difficult to interpret economically, as it represents merely a statistical description of the
relationships between the current values of variables datedrat their previous values i0 p to

0 1). Where the vaables form longrun (or more technically, emtegrated) relationships, then these

allow (1) to be more conveniently expressed in its vector error correction (VECM) form:

p-1
Dx; =Ubxp.p +Q UiDxe. +Q D0 +U
=1 (3)

Noting thatyo 6 O and that the equilibrium relationships are parameterised by the matrix

it is possible to see that the error correction representation describes how the variablgsaime

over time. Importantly, equation (3) defsn@ matrix of error correction coefficients elements of

which load deviations from each tife long-run relations ¢ontained in the long run matrixa@ ) into

Yofor o6correctiond ( e descebeshbveeaah dfenarjables Ghangeoner t h a t
time, error correction coefficients measure the average rate at which each variable adjusts to maintain
equilibrium following a shock and indicate the proportion of thedamgadjustment that occurs in each

period: the higher thealue, the faster is the process of adjustment.

Given the relatively long lags that are likely to characterise the dynamic adjustment as shocks pass
through the food chain, the error correction coefficients represent an efficient description of the
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adjugment process over the longer term. Note that in (3), the process of dynamic adjustment is further
augmented in the short term by the matrices of coefficierftr ‘Q phgs&dTy p which capture any
differences between the actual response andrtipdied by the error correction process and so allow

the short and longun responses to differ. In sum, the VECM approach presents a convenient way of
modelling both the short and lomgn adjustment process among the variables in an economically
meaningél way (for details see Davids@t al, 2016).
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Appendix 5: Final Model Specification and Output

For the project we estimated two m

odel s of

agricultural products. This reflexthe specification fathe current work that was developed in the 2011
DEFRA project which used the world price of a basket of internationedlyed agricultural

commodities as the principal driver in price transmission.

To reflect the growing importance of trade in processetimanufactured food producas alternative
speci fi cat , iwasestimatedwbiah accourBsdor trade in both agricultural raw materials and

procesed/manufactured food products.
Model A Retail Pricesbased orRaw Agricultural Output Rices

Variables: FCPI, DAOPI, DLC, UKMIC, IPA, EERA

Johansen tests for co
Number of obs =

- integration

Trend: constant 241

Sample: 1997m6 - 2017mé6 Lags =

5%

maximum trace critical
rank parms LL eigenvalue statistic value
0 78 4084.6277 . 1135915 94.15
1 89 4104.4495 0.15168 73.9478 68.52
2 98 4119.8347 0.11986 43.1774* 47.21
3 105 4128.2796 0.06768 26.2876 29.68
4 110 4134.575 0.05090 13.6967 15.41
5 113 4138.5448 0.03241 5.7572 3.76
6 114 4141.4234 0.02361

Results above suggest aiotegratng rank of two. To identify these as the price transmission relation and import demand

relation respectively we impose the following restrictions:

(1) [cel]fcpi=1
(2) [_celleera=0
(3) [Lce2]daopi=1
(4) [_ce2]fcpi=0

(5) [Lce2]ukmic =0
(6) [Lce2ldic=0
beta| Coef. Std. Err. z P>|z] [95% Conf. Interval]
_____________ +
cel |
fepi | 1 . . . .
daopi | -.2423065 .0726758 -3.33 0.001 -.3847484 -
dic | -.2555704 .0504217 -5.07 0.000 -.3543951 -
ukmic | -.1430524 .0729581 -1.96 0.050 -.2860476 -
eera | 0 (omitted)
ipa | -.162336 .0648346 -2.50 0.012 -.2894095 -
_cons | -.9768253
_____________ +
ce2 |
fcpi | 0 (omitted)
daopi | 1 . . .
dic | 0 (omitted)
ukmic | 0 (omitted)
eera | -.9069209 .327614 -2.77 0.006 - 1.549033 -
ipa | -1.440486 .1335002 -10.79 0.000 -1.702142 -
_cons| 2.512206

LR test of identifying restrictions: chi2(2) = 3.834
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.1567 456
.0000571

.0352625

.2648093
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Prob > chi2 =0.14
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Long-Run Elasticities [Rvalues]

Price Transmission EquilibriumRelation

Elasticity of UK retail food prices with respect to:

Index of UK Agricultural output prices 0.242
[0.001]
Domestic Labour costs 0.256
[0.000]
UK manufacturing input costs 0.143
[0.050]
Import Price Index for agricultural products 0.162
[0.012]

Import Demand Price Equilibrium Relation

Elasticity ofiIndex of UK Agricultural output pricef) with respect to:

Import Price Index for agricultural productg (i 1.440
[0.000]
Effective Exchange Rate for agricultural imports 0.906
[0.006]

All estimated coefficients are theecpngruent and statistically significant at the 5% level. All
transmission elasticities are inelastic. Retail prasesrelatively more responsive to domestic prices
than import pries. Exchange rate pa$soughis less than one. The LR test indicates the validity of
the identifying restrictions ¢palue = 0.147). Gintegrating residuals appear stationary confirming the
co-integrating rank of two.

Residuals from the Cimtegrated equations 1 and 2
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Impulse response functions of the retail price index (FCPI) to 1% shocks in all the variables are as
follows.
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Graphs by irfname, impulse variable, and response variable

Results suggest that adjustment is shvith half-life being between 6 and 12 months. Leng effects
are similar to thas implied by tle longrun elasticities with the exception of domestic agjtiaal
prices, where the loagun IRF is twice as big as tlweteris paribusffect, consistent with the idea that
domestic prices have an important indirect effect through import prices.

59



Model B: Retail Prices based on the Price of Raw Agricultural and Processed Faoam®
(The output below relates to the results of the model reported in the text)

Variables: FCPI, DAOPI, DLC, UKMIC, IPAM, EERAM,

Johansen tests for co - integration
Trend: cons tant Number of obs = 241
Sample: 1997m6 - 2017m6 Lags = 3
5%

maximum trace critical

rank parms LL eigenvalue statistic value

0 78 4131.4272 114.2259 94.15

1 89 4151.7425 0.1 5515 73.5953 68.52

2 98 4166.1981 0.11305 44.6840* 47.21

3 105 41743106 0.06511 28.4591 29.68

4 110 4180.4321 0.04953 16.2160 15.41

5 113 4184.6438 0.03435 7.7926 3.76

6 114 4188.5401 0.03182

Results above suggest aiotegrating rank of two. To identify these as the price transmission relation
and importdemand relation respectively we impose the following restrictions:

(1) [cellfcpi=1
(2) [_celleeram=0
(3) [Lce2]daopi=1
(4) [_ce2]fcpi=0
(5) [Lce2lukmic =0
(6) [Lce2]dic=0

beta| Coef. Std.Err. z P>|z|] [95% Conf. Interval]
_____________ +
cel |
fcpi | 1 . . . . .
daopi | -.2356785 .0716616 -3.29 0.001 -.3761326 -.0952243
dic | -.3061989 .0480485 -6.37 0.000 -.4003723 -.2120256
ukmic | -.1354441 .0707161 -1.92 0.055 -.2740451 .00315 68
eeram | 0 (omitted)
ipam | -.1682568 .064434 -2.61 0.009 -.2945452 -.0419684
_cons | -.7820363 .
_____________ + .
ce2 |
fcpi | 0 (omitted)
daopi | 1 . .
dic | 0 (omitted)
ukmic | 0 (omitted)
eeram | -1.170081 .3 877544 -3.02 0.003 - 1.930066 -.4100965
ipam | -1.847091 .2021832 -9.14 0.000 - 2.243363 - 1.450819
_cons| 4.466729
LR test of identifying restrictions: chi2(2) = 1.725 Prob > chi2 = 0.422
The LR test indicates the validity of the identifying r estrictions (p - value =

0.422).
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Long-Run Elasticities [Rvalues]

Price Transmission Eqilibrium Relation

Elasticity of UK retail food prices with respect to:

Index of UK Agricultural output prices 0.236
[0.001]
Domestic Labour costs 0.306
[0.000]
UK manufacturing input costs 0.135
[0.055]
Import Price Index for agricultural andamufactured food 0.168
[0.009]

Import Demand Price Equilibrium Relation

Elasticity ofIndex of UK Agricultural output price@) with respect to:

Import Price Index for agricultural and manufactured fogd (i 1.847
[0.000]
Effective Exchange &e for agricultural and manufactured fdagd 1.170
[0.003]

As with Model A, all estimated coefficients are theopngruent and statisticglkignificant at the 5%

level. All transmission elasticitiem the vertical price transmission relatiareinelastic. Retail prices
arerelatively more responsivi® domestic prices than impgstices. Exchange mtpasghroughis

slightly greatetthan one. There is a striking similarity with the coefficients estimated from Model A,
the only difference beinthe relations between domestic and import prices. As expected, UKjédem

prices are estimated to have to a smaller impact on import prices that include processed and
manufactured foods.

Co-integrating residuals appear stationary confirntmgceintegating rank of two.

Residuals from the Cimtegrated equations 1 and 2
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Impulse response functions of the retail price index (FCPI) to 1% shocks in all the variables are as
follows. Results are similar to those for Model A.
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Graphs by irfname, impulse variable, and response variable
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