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Abstract

This paper ussthe endogenous regime switching model with dynamic feedback and interactions detgloped
Chang et al. (2023p estimate global food price mean aralatility indicators the lattermeasuing uncertainty

and risk in the global food markd&oth are then included in structural VAR models to examine their sfbect
domestic food price inflation for a range of countries with different food slimtesal consumption and in the
CPI basketNext, counterfactual analysis isarried outto assess theffectson core inflation.The results suggest
thatbothglobal foal pricemean andolatility shocks have sizeable effects on food price inflation in all countries
and persistentseconearound effects on core inflatiom most countriesAn extersion of theanalysis using
disaggregatglobalfood price datahows thatthe existence of seconmund effects is independent of the size of
theresponse of domestic food inflationglmbal food price shock$ hese findings imply thatglicymakers should
distinguishcarefully betweenthe two types of global food price shock(nanely mean or volatility and their
effects on core inflation tiormulate appropriate policy responses
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1. Introduction
It is often argued thahonetary authorities aiming to achieve price stability shtariget core
rather than headline inflation, since the latter includes highly volatile food and energy prices
that introduce noise and are not informative about mediotongterm inflation treds(Giri,
2022. Indeed most central bankaround the world place grememphasis on comather than
headlineinflation whendesigring monetary polig. Two importantissuesarisein this context
I.e. exactlyhow volatile foodand energypricesareandto what extenthey affectcore inflation.
While plenty of evidencés availablein the case of energy prices (see, for instaReeglerer,
1996;Elder and Serletis, 201®&ilian and Lewis, 2011Wong, 2015)much less is known
aboutfood pricesAs stresgd by De Gregorio (2012¢entral banks should not overlook food
price inflation since ihassignificanteffectson core inflation, which ppear to bearticularly
strong in countries with a large foatharein the consumption basketor this reaso the
present paper aims foovide new extensiveevidence on the inflationary impact sfiocks to

globalfood prices andheirvolatility andto assestheirsecondround effect®on core inflation.

Specifically, we apply the endogenous regiswitchingmodel with dynamic feedback and
interactiors developedby Chang et al. (2023) tmonthly dataonthe United NatioaFood and
Agriculture Organization (FAO)ominalfood price indexrom January 1990 to October 2023.
The commodities included in ithindex represent around 40% of gross agricultural food
commodity trade and cdre informative abouuture global food inflationThe chosen model
produces measures of botblobal food price mean and volatilitywhere thelatter reflects
uncertainty and risk in thglobal food market Distinguishing between the two is afrucial
importancefor central bankso adopt appropriatpolicy responsedepending on the type of
shock The estimatednean andvolatility indicatos are thenmcludedin a structuraMAR
model with sign restrictiondo assessher effects on domestic food price inflationNext,
counterfactual analysis used to xamine possiblesecondround effects on core inflation.
Finally, further evidence is obtainég using the real and the disaggregate nominal FAO food
price indicesTheanalyss is carried outor eightcountrieswith different food sharesfdotal
consumption and in the CPI baskeamelythe US, the UK, the euro area, Canada, Japan,

SouthKorea Mexico and Denmark

On the wholethis paper makesfavefold contribution. Firstjt appliesthe recently developed
endogenous regime switching modkle to Chang et al. (2028) derive measures of both

global food price meaand volatility; compared toother methods the adopted one has the
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advantage odllowing for unsynchronised switches in the mean and indlaility, which are
determined bylatent factors,and also of accouning for possible feedback from past
innovations Second, it usethe FAO food price indexvhichmeasurs specificallyfood prices
(both aggregate and disaggregate ppposed tthe overallcommodity pricesvhich are often
analysedn other studie¢see, e.g.GGelos and Ustyugova, 2017; Abbas and L&2@ Third,

it performs a VAR analysiswith anappropriate identification schemeexamine the effects of
global food price mean andblatility shocks.Fourth, itassesssthe secondound effects of
global food price shocksn core inflationby meanf counterfactual analysisFifth, it also

provides evidence in the case of real food prices as well as nominal disaggregate ones.

The remainder of #hpaper is structured as follows. Section 2 provides an overview of the
relevant literature, Section 3 outlines thmodelling framework, Section 4 discusses the

empiricalresults, and Sectionddfers someconcludng remarks

2. Literature Review
Most existing tudiesare based on commaodity price indiedsich also include aggregate food
prices. For instance,Gelos and Ustyugova (2018xamine the structural characteristics
associated with a stronger commodity price ghssugh in a large sample of countries. Their
findings suggest thaconomies with higher @vall inflation or a larger food share in the CPI
basketare more vulnerable tftmod price shocksand also thatthe adoption of an inflation
targeting regime helps to anchor inflation expectatidherebyredudng the secondround
effects offood price shocks.They alsoreporta stronger pasthroughwhen there is darger
dispersion of inflation expectationahich is a measure of inflation uncertain8ekine and
Tsuruga (2018kstimatethe effects of commodity price shocks on headline inflation in a
monthly panel of 144 countries arfohd that any initial effect on inflation disappears within
one yeartherisk of seconeround effectsdbeing low Abbas and Lan (2020) estimate both
threshold and Markegwitching moded and conclude that the inflation environment
influences the pagkirough dynamics of commaodity pricéscluding foodprices)to inflation,

which tends to be higher in a volatile inflation regime.

It is also important to examimggobal food price shockseparatly giventheir direct impact on

food security andiving standardsStudiesof this type generally focus dhe pasghrough of



food price shockandon appropriatepolicy response For instancePourroy et al. (2016)
suggest that the optimal monetary poliegponse to food price shocks depends on the income
level, with consumer price inflation targeting being optimal in low income countxiese in
high income countries nefiood price inflation targeting is more appropridtésing a w
databaséor marketprices within the EUFerrucci et al. (2018nvestigate the nonlinear pass
through of food price® consumer and producer price inflatiarich they fnd to be partially
explained by the Common Agricultural Roli Theyalso conclude thatisaggregatéod price
dataare more informativeThe literature concerned witihe impactof food priceson core
inflation is relatively limited. Pedersen (2011) applies a VAR model with Cholesky
decomposition to analyse te#fectsof food and energy prices)otherconsumer prices for 46
countriesand finds that food price shocks have strormgesson core prices than energy price
shocks. [ Gregorio (2012uses simpleegression analyste assess theffects of food prices
on headline and core inflation and finds that seamuthd effects on the latter are stronger for
countries with a large food consumption share in total consumimte. that he latter two
papers haveato major shortcomingsiamelythey do not analyse either food price volatility or
possibleseconeround effect®f food price shocken inflation

Food price volatility seems to be primarily driven dsmand and suppishocks (Qiu et al.,
2012)or by the financialization of food conodity markets (Silvennoinen and Thorp, 2Q13)
The former is measured #se realised variance of commaodity futurd@signtafyllou et al.,
2023, or usingGARCH-type models (Gardebroek and Hernandez, 20hsi et al., 2014
Cabrera and Schulz, 2016r VAR models alloving for stochastictime-varying volatility
(Jebabli et al., 2094which are estimated fandividual food commodity market$lowever,
suchmeasurs do not shed light on the degree of persistence of volatility and its impact on
inflation or economic activity.Bellemare and Lee (2016) highlight the importance of
distinguishing between increases in the level of food p(itamelya shift in the mean of the
food price distributionh and in their volatility (i.e., a highervariance of the fod price
distribution) given their different policy implication3 he following section outlines the model

we use in this paper to differentiate between food price mean and volatility shocks.



3. Empirical Framework

3.1The unsynchronised edogenous regimeswitching model
A recently developethodelby Chang et al. (2023known as thensynchronised endogenous

regimeswitching model (UERS)llows to extract mean and volatility factors which govern
the regime shiftbetween low and high mean and volatilgtates.This method is highly
attractivesince, a alreadymentioned it allows for the mean and the volatility to shift at
different timesThe modetakes thdollowing general form

wherew is thevariable of interesfin our casethe FAOfood priceindex), * is the mean,
measurewolatility, i j andi j are the mean and volatility state variabkesdo6 are the
innovationsln this frameworkhe regime changes are determined by two autoregressive latent
factors which are correlated with past innovations of the-giggendent process. As a result,
the transition probabilities are tinvarying and determined by the lagged values of the time

seies.The evolution of the state variablg is drivenby whether the unobserved latent factors

0 are above or below some unknown thresHold

m QM T o o
0 QW + Qe ah C

where the factors , are assumed to follow a zenwsean autoregressive process of order 1:
0Op O00j 0 o

| | . L . . .
wherea- | | andu are i.i.d. innovations. The endogenous regime changes arise

from the correlation betwean andthe innovation ternd of the statedependent process

according to the following correlation matrix:



The evolution of the regime factabsy, is determined byhe dynamic interaction between the
two factors, captured hihhe matrix 0, and their contemporaneous correlatimeasued by .

If | T, the volatility regime factod  helps to predict the mean regime factory,.
Likewise, if| M, U j helps to predict) ;. Larger values of and| indicate a
higher persistence of the mean and volatility regime factbrs. 1 the latent factor
0 j iscorrelated with the observed time setiesvhich means thathocks tgast changes
in w affectendogenously the future transition betwdenmearstatesSimilarly, if ” T,

shocks tgpast changem w affectendogenously the future transition between the volatility
states.Sincethe state processés are not a Markov chajrone needs to use tmeodified
Markov switching filtetby Chang et al. (20219 account for the endogenous feedback channel
and to estimate the mod&he two unobserved latent factgnsean and volatilitycan be used

in thesubsequent economic analysisthe case of food priceékey represent respectively an
indicator ofthe averagdood priceand ofits volatility as well asof the likelihoodof their

remaining in the same state

In order toassess the model performajwe comparets forecastingproperties to thosef a
range ofrival specificatiors. The firstis thevolatility endogenous regime switching model
(VERS)developed by Chang et al. (201whereonly the volatility factor is allowed to switch.
The second ia standard regime switching model with an exogenous Markov chain (MCRS).
The third is the regime switching model with thwarying transition probabilities (TVR$ue

to Diebold et al. (1994)where the transition probabilities are logistic functions af
predetermined transition variabde. We considethreepossible variables fotx , namely (1)

the lagged FOAood price index, (2) lagged global inflation to account for overall increases in
global pricesand (3) the lagged global output gapcégture overall global demantiwe use

5-, 10, and 30@year rollingwindows to construct the forecasts for tlaious specifications,
namelyUERS, VERS, MCRS, TVRS with the lagged FOA index (TVIRSOD), TVRS with
lagged global inflation (TVRSNF), and TVRSwith the lagged global output gap (TVRB).

The outof-sample performance of the models is compared using the root mean square error
(RMSE) and the relative RMSE.

1 The output gap is measured by applying the HodPigscott filtemwith monthly-frequency adjusted smoothing
parameters (Ravn and Uhlig, 20@8)world industrial production data.
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3.2A VAR modelwith global food price shocks
In order to assess how glolbabd pricemean andolatility shocks are transmitted to domestic

prices, we estimate argttural VAR modebf the following form
®w ‘° 60w o v
where® is ay p vector of endogenous variables which includesnesticfood price
inflation ("Q¢ &) Comesticcore consumer price inflatiofw ¢ 1), @omesticoutput growth
(o , crude oil pricegé "Qatherealexchange ratd , the policyinterestrate ('Q as well as
the globalfood price mearf0 ) andvolatility (0 ) indicators. We allow for up to 12 lags

and usesign restrictiongor identificationpurposes

Table 1. Sign restrictions in the VAR model

Supply Demand | Oil price Monetary | Exchange | Food price| Food  price
policy rate mean volatility

Q¢ £ Q
Wwél g

W

¢ Qa

i

Q

0

0 §

Notes:Sign restrictions with  indicating a positive response to the shock and indicating a negative
response.

We identify sevenshocks which are detailed in Table. A domestic supply shock is a cest

push shock which reduces output growth but increases both food and core inflation and
appreciates the real exchange rate. A domestic demand shock intvedsasicoreinflation

as well aoutput growthWe assume that demand and supply shocks affect headline inflation,
therefore they have an impact on both dofation and food pricesA global oil price shock
lowers output andhcrea®s the oil priceWe do noimpose any restrictions on the response of
food and core inflation to oil price shocks sitlceseareknownalwaysto be recessionary, but

the impact on inflation depends on whether the underlying shock stems from changes in oll
demand or supplhyK(lian, 2008. A contractionary monetary policy shock redufesd and
coreinflation, butincrea®s the policy rate. An exchange rate appreciation lowers both inflation
and outputputincreases the real exchangde A global food price mean shotk expected

to increase both domestic food price inflation and the global food price mean, whie a

pricevolatility shock is assumed to increakemestic food price inflatioand global food price



volatility. The Phillips curve literature often treathanges in relative food prices as supply
shocks which move the short run Phillips curve (Aoki, 2001). In fact, fluctuations in the world
food prices food beinganessentiatonsumption good, are often regarded asposh shocks
(Monacelli, 2013).Degite this notion of food price shocks as supply shdoksd in the
literature, we keep the response of output to the global food price meaolatiity shocks
unrestricted according to an agnostic identificaipproach (Uhlig, 2005)Ve assume that all
variables respond ®hockson impact Theestimation is based on the Bayesian approach as in
Uhlig (1994) and uses the algorithm by RuBiamirez et al. (2010).

As a first stepimpulse responsanalysis is carried out to investigabewvhat extent global food
price mean andolatility shocksare passed through to food price inflation time various
countriesunder examinationCounterfactual analysis then performedo assesgossible
seconeround effecton core inflation.There ae three reasons txpect the presenceFirst,
many food itemare intermediate inputs in the production process of other goamsevphnices

are included ircore inflation such asstarch used in biodegradable plastics or natural fibres
used for textilesand building constructigrtheseincrease overall production costs for firms
which are thenpassed on to consunseiSecond, since fooids a key component of the
consumption baskeits price has significargffects on wage pressures (De Gregorio, 2012).
Third, given their importance for consumers, food prices smondy influence inflation
expectations and the wage setting proc&ssce they are not included iore inflation
measures, the presence of any effectshe latter suggesthe existence oh strongcost or
expectationpassthroughchannel The extenta which food prices influence nefood prices
matters greatly for central banks which target core inflafflaninvestigate this issu@ the
counterfactual analyswse shut off the domestic food price inflation response to the global food
price mean andolatility shocks.This type of exercise has not been conducted by previous
studies examiningecondround effects (Pederson, 2011;eBGregorio, 2012) despite its

usdulness to compare thewith direct effects

3.3 Extended analysis
Themain analysiss extendedn two ways First, the estimatiors redoneusng thereal FOA

food price indexWhilec onsumer s 6 s p e mainlyndgvendbgnominglipricess ar e
real onesare more informativaboutlong-termtrendsin global food pricesSecond evidence
is also obtained fodisaggregat@ominalfood pricesfor individual categories (cereal, meat

vegetable oilsugarand dairy. These results shed light on the relative importance for domestic
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inflation of the variougomponers of global food pricesindof their voldility (Ferrucci et al.,
2018)

4. Data and Empirical Results

4.1 Datadescription
We use monthly datbom January 199@o October 2023The FAO Food Price Index is

obtained fromthe Food and Agriculture Organization of the United Natwebsiteand is a
globalexport sharaveighted index comprisinthe weightedaverage of five food commodity
priceindices, namelgereal,meat,vegetableils, sugarand dairy As already mentioned, ev

use thenominalseriesfor the main analysis, buthenrepeat the xerciseusing therealtotal
seriesandthedisaggregateominalseries as a robustness chéldke analysis is conducted for

the US, the UK, the euro area, Canada, Jépanth KoreaMexico and DenmarRkRNe obtain

the coreconsumer price inflation and the food price inflation series from the Organisation for
Economic Ceoperation and Development (GP) Consumer price indices databdse all
countries Output growthis calculated usinghe OECD industrial production total industry
series.The olil priceis thecrude West Texas Intermediate (W®he Real effective exchange

rate data and the central bank policy rates are obtained from the Bank for International
Settlements (BIS)'he world industrial production and world inflation datatheeOECD total
industrial production index and the OECD totaflation (CPI) series, respectivelll
variables arencluded as annual growth ratesxcept the policy rates which are in levels.
Annual datafor food consumption in total consumption and food share in the CPI basket are
constructed from th€©ECD Annud National Accountsand CPldatabase Owing to the
unavailability of earlier datawe estimate the VARnodel starting inNovember 1998&or

Mexico, inJanuary 199%or the euro area and May 1999for South Korea

Figure 1 plots the nominal FAO food price index alongside its rate of change (Panel A),
calculated as the first difference in the log of the index, as well as its volatility (Panel B),
computed using a simple GARCH(1,1) model. While food prices remaineu lilve first part

of the sample, they have been higher on average since 2007. The series is characterised by
several rather abrupt changes, which can be related to several food crises. This is also reflected
in its growth rate and its volatility. The 28@ood crisis resulted in an increase in food prices

by over 50% between the beginning of 2007 and the beginning of 2008, which was associated

with food riots in many developing and emerging countries (Bellemare, 2015). The@020
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food crisis resultechi a 40% rise in food prices caused by a combination of droughts in large
parts of the world and by rising oil prices which increased the demand for biofuel. The rising
food prices in 2021 and 2022 were the result of a combination of factonely theCowvid-19
pandemic, which generated supply chain disruptions and increased the cost and complexity of
global food distributionand he Russian invasion of Ukraine in 2Q2¢hich increasedood
pricesfurther, since bottithesecountries are important exporterfscereal goods and vegetable

oil inputs. The conflict also resulted in higher energy prices which feed into food production
prices and increased the demand for biofueis @lmeady turbulent periodiso sawa series of

floods and heatwaves across Eurapd the Americas. While food prickaveremaired high

since 2007, volatilitgtayedow for most of the same period, apart from the key events outlined
above. This suggests that periods of high mean and high volatility do not always coincide, thus
motiveting the need for a model specification whatlows forunsynchronised switches.

Figure 1. Global food price and volatility
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Notes: Panel A shows the food price indbbue line)and rate of growth over tim@range line)while Panel
B displaysthe conditional volatility of the food price index.

4.2 Measures of global food price mean andvolatility
Figure 2displays the extracted mean (Panel A) and volatility (Panel B) factors from the UERS.

It can be seen that there wéaege increases ithe volatility factor during the 2008 food crisis

whilst the mean factodid notexceed the threshold for most of the same pefibeé 2010
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2012food crisiswasalsocharacterised by high volatilignda low meanwhereas in 2021 and
2022, a periodvith rapidly increasingfood prices both mean and volatilityere high It is
clear, thereforethat high mean and volatility periods do not always coinddstinguishing
between theetwo types of shocks is essential to choose appropriate policy s=spdfhile
mean shocks require policieBexting trends infood pricesfor instance through seduction
of import tariffs and value added tax or the issuance of subsidietility shocks can be
mitigated through policieaimed at reducing uncertairty disseminating informatioat both
thelocal and global leveland also amaking it easier for firms and consumers to cope with
the remainingvolatility, such aslomestic buffer stocks and trade contr8lsing food prices
require central barskconcered with headlineas well ascore inflation to implement
contractionarypolicies By contrast,higher volatility is often assumed to be transitoy
phenomenomndtherefore not to require a policy responsleus, he correct identification of

food price sbcks as mean or volatility shockscisicial for monetary authorities

Figure 2. Extracted factors from the UERS
Panel AT Mean factor Panel Bi Volatility factor

Extracted Latent Factor
Extracted Latent Factor

U Y

1995 2000 2005 2010 2015 2020 1995 2000 2005 2010 2015 2020
Year Year

Notes: The extracted factors are represented by the black line while the estimated threshold is depict
red dashed line. The grey shaded areas indicate periods of high mean (Panel A) and high volatility (P

Figure 3reports the24-month rolling windowcorrelation(Panel A)and coherencéPanel B)
between the mean and volatility factors extracted from the UBRS&an be seeithe former

is time-varying and negative for most of the sample period. The mean and volatility faetors a
especially highly correlated durirthe 2007%2008 and the 2012012 food criseswhich is
consistent with the evidence presented in Figure 2 regarding their moving in opposite

directionsWhile the correlation was low during the Covil pandemidt has increased since
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2022 whichsuggesta stronger linkage between the two factors in recensyEae coherence

graph indicatea stronger cemovement of the two factors at lower frequentiesveer3 and

6 monthsFigure 4 displays the timearying prdability of remaining in the same low mean

and high volatility regime. Four periods of high turbulence in international food markets are
selected. Panel Aocuses on the food crisis beginning in 2001 this casethe transition
probability fluctuates sultentially and moves ithe opposite direction to the change in food
prices. Panel B concerns a period of heightened food prices leading up to the 2010 food crisis.
Again, there ardarge fluctuations in the transition probability which tends to move in the
opposite directiono the food price growth rate. Panel C and D, whiohrespond téhe 2012

and 2022 world food crises respectively, show a similar patigttmthetransition probabilies
mirroring food price changes. In all cases, the transition probability of remaining in the low
mean and high volatility regime is positive and exceeds thezaearconstant transition
probability obtained from the exogenous MCRS model (the dashed redNte) that the
estimatedime-varying transition probabilitiesnply thatthe likelihood of remaining in the

high volatility regime changes across time perid@stly, we report the results of the forecast
evaluation exercise in Table 2. As can be seen, the WER&e lowest RMSE and root RMSE

and thus outperforms all rival models in terms of its forecasting performa@ncie whole

the evidence presented in this section suggests that the mean and volatility factors extracted

from the UERSare suitable teapurethe behaviour of global food prices.

Figure 3. Correlation and coherence of mean and volatility factors
Panel Ai Correlation Panel Bi Coherence
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Figure 4. Time-varying transition probabilities in the UERS
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Table 2. Forecast comparison
| UERS | VERS | MCRS | TVRSFOOD [ TVRSINF |  TVRSIP
5-year window

RMSE 0.0014 | 0.0041 0.0019 0.0023 0.0025 0.0025

Relative RMSE | 34.15 100.00 46.34 56.10 60.98 60.98
10-year window

RMSE 0.0015 | 0.0041 0.0020 0.0024 0.0025 0.0025

Relative RMSE | 36.59 100.00 48.78 58.54 60.98 60.98
30-year window

RMSE 0.0015 | 0.0042 0.0020 0.0024 0.0026 0.0026

Relative RMSE | 35.71 100.00 47.62 57.14 61.90 61.90

Notes: Forecast comparison based onsiegahead forecasts.
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4.3 The direct and secondround effects ofglobal food price shocks
Next weexamire possiblalifferences in the transmission of global food price shocks between

the variousountriesn our sampleln Figure5, Panel Adisplays the share of footbnsumption

in total consumption and Panel B the share of food in the CPI basket for each dbeatny.

be seen that both differ significandgrosscountries. Mexico appears to have both the highest
food consumption share in total consumption and the highesshaod in the CPI baskdtoth
beingaround 15 percentage poitiigher than in the case thfe US, which has the lowesdtare

in both casesThere is little variation in the food consumption share in total consumption in
recent yeargor all countriesexapt South Koreawhich experienced a large decrease from
around 27% to 12% between 1990 and 200 food share in the CPI basket decreased for
most economies in the late 1990s and early 2000s but redsa@blesubsequently

Figure 5. Food consumptionshare and food share in the CPI basket

Panel AT Food consumption share in total consumption Panel Bi Food share in the CPI basket

30 — T T T T T T 30 —

251 \A/\*’\/\/f ar

20 ¢ 20 1

e |

I I I L I I I 5
1990 1995 2000 2005 2010 2015 2020 1995 2000 2005 2010 2015 2020

| us UK Euro area Canada Japan Korea Mexico Denmark

Notes:All data are reported in percentages.

Figures 6 to 13 displaheimpulse response functions (IREdtainedrom thestructuraVAR
modelwith sign restrictiongor all countries in our samplén all cases, the solid black line
represents the median response, the dark blue shadembarsponds tthe 68% confidence
band, the light blue shaded areasthe 95% confidence bandand he solid orange line
represents the counterfactual with the domestic food inflation channel shthefesults for

the US in Figure §Panel A)suggest thathe effects ofood price mean shocks on domestic
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food priceinflation areinitially strong and positiveand thendecline steadily and becoen
negative after six month3he effect orcore CPlIis initially small butthen increass raising
core CPI by aroun@.15 percentage pointgithin twelve monthsThis effect vould havebeen
zero without domestic food CPI reactinghe global food pricaneanshock(theorange solid
line). There is an initial negative impact ontput growthwhich turns positive after four
monthsand lead$o a total increase in output growdh0.2 percerdge pointsThe central bank
response to a global food priceeanshockis initially zerg this isfollowed by a gradual
increase in the policy ratey up to 0.05 percentage points; in this ctere is no difference
between the standard IRIRd the counterfactyalvhich suggest thatmonetary authoties do
not respond to the increase in domestic food or core inflafioad pricevolatility shocks
(Panel B)seem to have almost identical efieoh food CPland output growtlasthe mean
shocks By contrast, lte effecs on core CPhresmaller beingaround 0.05 percentage points.
However, inthe case ofhe policy atethere is gositive reaction in the presencesafcond
round effectswhile the counterfactual suggests timathe absece ofsucheffects there would

have been no policy reactiamtially and thera small monetary expansion.

For all other countries in our sample except the euro area, global food price mean shocks have
an initial positive effect on domestic food prioélation of around 0.1 to 0.@ercentage points

which quickly turns negative. In the euro area instead (Figure 8), the effect turns positive again
after ten months. The response of core CPI to a global food price mean shock would have been
close to zeron all cases if there @eno response of food CPI to the global food price mean
shock. With the food CPI channel open, core CPI reacts positilya magnitude of 0.0®
0.15percentage point® all cases, although the initial effect declimeshe @se of Canada
(Figure 9) and Japan (Figure 10). For all other countries the ®tieepersistent and even
strongly increasing in the case of the euro areaSandh KoregFigure 11). Output growth
responds negativelgt first but thenincreases in allauntries except the euro araehereit

declines over the response horizon, and Canada and Denwinmie the responss more

volatile. In the euro area, Mexico (Figure 12puth Koreand Denmark (Figure 13), monetary
authorities appear to reduce thdipprate within twelve months after the global food price
mean shock, while in all other countries the response is contractigaasibly to counteract

higher core inflation resuihg from secondround effects rather thahe direct effects othe

global food price mean shock.
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Figure 6. Responses to global shocks for the US

Panel AT Response to food price mean shock Panel Bi Response to food pricerolatility shock
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Notes: The solid black line represents the median response, the dark blue shaded area represents the 68%
band, while the light blue shaded areas represent the 95% confidence bands. The solid orange line repr
counterfactualith the domestic food inflation channel shut off. The responses of food CPI, core CPI and the
rate are in percentage points, while the response of output growth is in percent.

There are more significaulifferences in the responses of domestic food CPI to global food
price volatility shocks between countrieBor instance, wile for the UK (Figure 7) and
Denmarkthe response seems to be more stable, it shows some strong variation in the case of
the euro area, Japan aSduth Koreaall three of which haven averagea higher food
consumption share in total consumption and a higher food share in the CPL Odsket
response of core CPI is positiaad around 0.0t 0.1percentage poinis all cases, provided

that the food CPI channel is open. For the euro area the effect is perastetite case of the

US.In the UK and Canadahe effect dies out eventualkyhile in the remaining countries there

is greaer variation in the response ovame. Output growth is negatively affected all

16



countries excepBouth Koreaand Denmarkwherethe response fluctuates around zero. The
policy response is first positive bthen turns negativim the UK, the euro area and Canada,
while in the other countrieg fluctuates around zerdhese findingsndicatethat monetary
authoritiesare generally less concerned witled price volatility, which is consistent with their

targeting core inflation.

Figure 7. Responses to global shocks for the UK

Panel AT Response to food price mean shock Panel Bi Response to food pricerolatility shock
Food CPI Core CPI Output Policy Food CPI Core CPI Output Policy
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Notes: The solid black line represents the median response, the dark blue shaded area represents the 68%
band, while the light blue shaded areas represent the 95% confidence Hamdwlid orange line represents t
counterfactual with the domestic food inflation channel shut off. The responses of food CPI, core CPI and tt
rate are in percentage points, while the response of output growth is in percent.

The response of food CPI to oil price shocks (Panel C in Figures 6 to 13) is positive and strong
in all cases, except the euro area, JapanSamuth Koreafor whichit is close to zero. Core

CPI shows no significant response except for the UK and Mexltchindicatesa weak pass
through of oil price shocks to domestic core inflation. Output growth initiallg after an oil

price shock but quickly turns positive after around two maqntith the exception of the euro

area and Japafor which it is hghly volatile There are large differences in the policy response
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to oil price shocks. While there is a clear monetary contraction in the US, the UK and Mexico,
there is almost no response in the euro area, Canada, 3apdm,Koreaand Denmark. An
unexpeted exchange rate appreciation (Panel D in Figure 6 to 13) reduces both domestic food
and core CPI, the former by up to 0.3 and the latter by up to 0.1 percentage points. An exchange
rate shock also depresses output growth initialjpoughit recovers after six to eight months

in most countries. The policy response is uniformly negative, although much stronger in the
case of the US, the euro area, Japan, Mexico and Denmark, for which the policy rate decreases
by up to 0.1 percentage points.

Figure 8. Responses to global shocks for the euro area

Panel AT Response to food price mean shock Panel Bi Response to food pricevolatility shock
Food CPI Core CPI Output Policy Food CPI Core CPI OQutput Policy
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Notes: Thesolid black line represents the median response, the dark blue shaded area represents the 68%
band, while the light blue shaded areas represent the 95% confidence bands. The solid orange line repr
counterfactual with the domestic foadlation channel shut off. The responses of food CPI, core CPI and the |
rate are in percentage points, while the response of output growth is in percent.
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Figure 9. Responses to global shocks for Canada

Panel AT Response to food price meashock Panel Bi Response to food pricerolatility shock
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Notes: The solid black line represents the median response, the dark blue shaded area represertsrifidebt%
band, while the light blue shaded areas represent the 95% confidence bands. The solid orange line repr
counterfactual with the domestic food inflation channel shut off. The responses of food CPI, core CPI and tt
rate are in p@entage points, while the response of output growth is in percent.

Theseresultsare to some extent similéw those of De Gregorio (201,2yho reports second
round effecton are inflation andof Pedersen (201 Wwhofindsthat a food price shodtarts

to have significant effects on core inflation after two quarfeesreport an increase in the
impactafter four to six months in many cagds contrast to these studjdsoweverwe find
that neither thdood consumption share total consumptiomor the food share in the CPI
basket of the individual countri@satter greatlyn termsof possiblesecondround effecton
core inflation. While in the US, the UK and the euro area, global food price mesalatility
shocks havencreasing secontbund effect®n core inflation, these die out quickly in the case

of Canada and Japamndin South KoreaMexico and Denmarthe mean shock has increasing
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seconeround effects but those of thielatility shock die out quickly. The prasee of persistent

secondround effects of both global food price mean aothtility shockson core inflation

indicates that food prices can hdastingeffects on noffood prices this suggestthat there

existseither a strong expectations channel ast@ng costpassthrough channelin many

countries

Figure 10. Responses to global shocks for Japan
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It is also noteworthy thatentral banksseem to respond more strongdyglobal food mean

rather than volatility shocks (althoutire response tihe latter type ofhocksncreasesn the

presence of secondund effects on core inflatipnThis is consistent wittheir discardinghe

volatile behaviour of food prices when formulating polic@sl focusing instead on their long

runtrends.



Figure 11. Responses to global shocks f@outh Korea

Panel AT Response to food price mean shock Panel Bi Response to food pricerolatility shock
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Notes: The solid black line represents the median response, the dark blue shaded area represents the 68%
band, while the light blue shaded areas represent the 95% confidence bands. The solid orange line repr
counterfactual with the doastic food inflation channel shut off.

Figures 14 to 1displaythe responses to domestic shocks. A positive domestic supply shock
has a strong negative effect on both food and core CPI in all cases. In CanadaSdagban,
Koreaand Mexico the initially negative response of food CPI turns positive after six to eight
months.The effect on otput growthis positive at first butit dies out over the twelvemonth

horizon in all countries except the euro area and Japan, which exjgegeesater variation in

the output growth response. Most central banks do not react to a domestic supply shock, except
the Bank of Englandnd the Bank of Canada, whiokspond by respectively decreasing and
increagng the policy rate. Food CPI increaskg around 0.1to 0.3 percentage points in

response to a positive demand shock, but this effect is persistent in the US and the UK only.
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all other countries, food CPI declines quickly thereafter. Similarly, core CPI responds
positivelyat firstto a podive demand shock but thereafter the effects differ greatly between
countries.Specifically, n the US, the euro area aBduth Koreacore CPI keeps rising over

the entire response horizdmjt it fallsinstead in Japan and Mexico. In the UK, Canada and
Denmarkit appears to fluctuate more. After an initial positive response, output growth slows
downand reaches zero within twelve months in almost all counkiesetary authorities seem

to respond with a strong tightening in most cases.

Figure 12. Responses to global shocks for Mexico

Panel AT Response to food price mean shock Panel Bi Response to food priceolatility shock
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Notes: The solid black line represents the median response, the dark blue shaded area represents the 68%
band, while the light blue shaded areas represent the 95% confidence bands. The solid orange line repr
counterfactual with the doastic food inflation channel shut offhe responses of food CPI, core CPI and the pc
rate are in percentage points, while the response of output growth is in percent.

The effecs of a domestic demand shoake more persistent than those of global food price
mean andolatility shocksn the case oflomestic food inflationbutthe opposite holds the

case ofcore inflation There is no difference between the standard and the counterfactual
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responsdor eitherdomestic supply or domestic demand shoékgontractionary monetary
policy shock reduces both food and core CPI, as expewsfeitst output growth initially
increases and thateclires The evolution of the policy rate after the policy shock is stronger

in the presence of secondund effects of the global food price mean aabhtility shockson

core inflation, which indicates that monetary authorities implement more aggressive policies

whencore inflation ishigh because dheimpactof global food price shocks.

Figure 13. Responses to global shocks for Denmark
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Figure 14. Responseto domestic shocks for the US and UK

Panel AT USresponse to supply shock PanelB 1 UK response to supply shock
Food CPI Core CPI Output Policy Food CPI Core CPI Output Policy
03 0.04 0.8 0.25 0.3 0.05 1.2 015
0.02 02 0.2 1 0.1
0z 06
15 ¢
0 0. 01 o8 0.05
01 0.02 04 0.4 0.6
0 -0.05, 0
-0.04 0.05 0.4
0 02 0.1 0.05
-0.06 DMQ -0.1 0.2
0.1 0 0.2 01
-0.08 0.05F 0
0.3 0.15 0.15
02 0.1 02 0.1 0.2
0.12 0.15 04 04 0.2
0.3 0.4 02
014 0.2 0.5 06 0.25
O 681012 24681012 *®24661012° 24681012 0 s s1012 P 681012 P aacs1012 P24681012
PanelC i US response to demand shock PanelD i UK response to demand shock
Food CPI Core CPI Output Policy Food CPI Core CPI Output Policy
05 02 1 02 06 0.2 12 0.z
04 08 1
015 015
0.15 015 04 08
03
03
05 0.1 06 01
0z
0.1 04 0.2
‘\% 04
0.1 01 0.05 0.05
0z
0.05 005
0 0
0 0 0 0
0.1
0.1
0 0 0.2 0.2
0.05 -0.05
-0.2 03 -0.4
0. -0.05 0.5 -0.05 0.4 01 0.6 0.1
24681012 2 46 81012 24681012 2 4681012 24681012 2 46 81012 246 81012 24681012
PanelE 1 US response to policy shock PanelF i UK response to policy shock
Food CPI Core CPI Output Policy Food GPI Core GPI Output Policy
0.08 1 028 04 01 14 0.25
0.06 03 12
0z 08 02
0.2
0.04 02 0.05 1
0.1 0.02 0.6 0.15 0.1 0.8
015
oF 0 or 0.6
0 04 04
0.02 0.1 m 04 01
0.1 02 005 W
-0.04 0.2f 0.05F 0.z
0.05
02 -0.08 0 0 0.3f 0
-0.08 0.4 0.1 0.2
0.3 0.2 0.05 0
0.1 0.5 0.4
2. 0.1 0. 0.1
i a0 e a0z M aaest T 2ses0m O e s1012 0 s a6 81012 02 a6 81012 %% 4681012

Notes: The solid black line represents the median response, the dark blue shaded area represents the 68%
band, while the light blue shaded areas represent the 95% confidence bands. The solid orange line repr
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rate are in percentage points, while the response of output growth is in percent.
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Figure 15. Responseto domestic shocks for the euro area and Canada

Panel AT Euro area response to supply shock PanelB i Canada response to supply shock
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Figure 16. Responssto domestic shocks for Japan an&outh Korean
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Figure 17. Responseto domestic shocks for Mexico and Denmark
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4.4 Extensions to theanalysis usingreal and disaggregatefood prices
In this section weresent the results offb extensions to thenalysis using the real FAO food

price index and the nomindisaggregat€AO food price indicesrigure 18displays the mean
and volatility factors extracted from the UERS moftel real foodprices. There aresome
interesting differencesompared to our earlier finding@r the nominal indexin particular, the
mean factor now seems éahibitlessvariation ands characterised bigss time sperdbove
the threshold than in the case of timminal series.This is not surprisingsthe real series
controls for the aggregatarice level. By contrast the volatility factor displaysa similar
behaviourto the one in thenominal case, whicluggestghat volatility is equallypresentn

nominaland real food prices.

Figure 18. Extracted factors using real food prices
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Notes: The extracted factors are represented by the black line while the estimated threshold is depict
red dashed line. The grey shaded areas indicate periods of high mean (Panel A) and high volatility (P

The responses of food CPI and core CPI to real food price meaolatitity shocks arshown
in Figure 19The effecs of both types of shocks on domestic food CPI now appear to be more
persistent than in the case of nominal shocks. This presumablstseafieabsencef noisy
price changes thereal seriesMost interestinglyin contrast to the nominal food priogean
shocks, real ones do not have persistent segmnatl effects on core CRhe initial positive
impactdying out over the responskorizon The same applies toakfood pricevolatility
shocks for which persistent seconbund effectsare foundonly in the case of the UShe

otherIRFs from the VAR model with real food price shocks are displayed in Appendix A.

28



Figure 19. Inflation responses toreal food price shocks
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Notes: The solid black line represents the median response, the dark blue shaded area represents the 68%
band, while the light blue shaded areas represent the 95% confidence bands. The solid orange line repr
counterfactual with the doastic food inflation channel shut offlS = United States; UK = United Kingdom; EA
euro area; CA = Canada; JP = Japan; K&bgth KoreaMX = Mexico; DK = Denmark.

For the remainder of the analysise usedisaggregatéood price data t@ssess the rdlae
importance of individual food price categories for domestic inflatiBigure 20shows the
mean and volatility factors obtained from usgigbalcereal prices alongside the responses of
food CPI and core CPI to cereal price mean waoldtility shocks.The cereal price index
contains price quotationf®r wheat, maize, barley and ricerhich are highly importanfor

international food securityBoth the mean and the volatility factdysehave similarly to those

2The responses of outpgtowthand the policy rate to thdisaggregat@ominal food price shocks are displayed
in Appendix B.
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for the nominal aggregate seri@e response of food CPI to a cereal price m&sock is
smaller and less persistent thanthe case of the aggregatkocks On the other handhe
effecs on core CPhrenow more volatile budie out over ime. The responses of food and
core CPI to a cereal priemlatility shockare smaller thaim the case othe aggregate food
price serieskigure 21 displays the extracted factors and the IRFs for global meat(pricels
include prices forbovine, pig,poultry and ovine meat typesrhe mearfactor shows some
similarities to thafor the nominal aggregate serieghilst the volatility one exhibitsa very
differentbehaviour over timemost high volatilityperiodsnot coincidng with thosefor the
aggregte seriesFood CPI in Japarouth Koreaand Mexicoexhibits a weaker responsé
0.05 percentage pointts meat price meaandvolatility shocksn all countries except the US,
the euro area and Canadaerearestill persistensecondround effects on core inflatipbut
they are smaller than in the case of aggregate food prices.

Figure 22displays the results for the vegetable oil price series, whathdes the price faen
differenttypes ofoil. Again, there somsimilarities to the results obtained with the aggregate
index. Specifically food and coreCPI respond in a similar manngr the previous cas®
vegetable oil pricenean andsolatility shocks thoughthe effect is larger ithe case of the
aggregaténdex The results for the sugar series are reported in Figure@3arevery different
from the aggregatenes. Sugar pricegppearto have been volatile across the entire sample
period and were also characterised by large changes in the Tieaaffecs of sugar price
mean shockon domestic food CPI is musimnaller(around 0.05 percentage pointsjhe UK,
South Koreaand Mexico, while a sugar prie®latility shock has a smaller effect on food CPI
in the euro area an8outh KoreaThe effecs of both shocks onare CP) however,are
persistent in most countrieBigure 2 reports the results for thaairy price indexwhich
includes price quotations for butter, cheese and milk powder iotls.mean and volatility
factors behave similarly tdbse obtainedofr the aggregate series, but with some stronger
variation at the beginning of the sampléere is aconsiderably smaller effect of dairy price
mean shocks on food CPI in Japan &walith Koreawhich is not surprising, since dairy
consumptiao is lower in these countries compared to the others in our sdagdevherethe
response is positive and declines as in the aggregate case, but does not turramelysdiead
dies outwithin twelve monthsDairy pricevolatility shocksaffect foodCPlin a similar way

to the aggregate shocKsut with a smaller effect on core CPI
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Figure 20.Results using thecerealprice index

Panel Ai Cereal price mean factor Panel Bi Cereal price volatility factor
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Figure 21 Results using thaneat price index
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Figure 22.Results using thevegetable oilprice index
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Figure 23.Results using thesugar price index
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confidence band, while the light blue shaded areas represent the 95% confidence bands. The solid orange line
the counterfactual with the domestic faaflation channel shut off. US = United States; UK = United Kingdom; E
euro area; CA = Canada; JP = Japan; K&buath KoreaMX = Mexico; DK = Denmark.
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Figure 24.Results using the dairy price index
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The most persistent seceralind effects on core inflation are caused by vegetable oil price
mean shocks, while cereal prieelatility shocks have highly volatile effects. On averdfe,
seconeround effects of theisaggregatshocksaresmaller than tbse of the aggregate ones.
Finally, the secondound effects appean bepersistent regardless of the level of aggregation
of the data, while thesize is dependent onatof the response of food CPI to the aggregate

and disaggregate global food pricean and volatility shocks.

5. Conclusiors
This paperusesthe unsynchronisedendogenous regime switching model with dynamic
feedback and interactions developed by Chang et al. (2023) to e{tiaatfood price mean
and volatility factors based on the United Natiéio®d and Agriculture Organization (FAO)
nominal food price index The chosenspecification isshown to outperforma range of
competing models in terms of its eaftsample forecastingpperties A structural VAR model
is then estimated to assess the importance of thelrasgjh ofshocls to the obtainedglobal
food price mean anblatility indicatorsto domestic food price inflation in a range of countries
with differentfood consumfion shares out of total consumption and different food shares in
the CPI basket-urther, ounterfactual analysis onductedo assesthe effectsof the two
types of shocks ooore inflation.Finally, theanalysiss extended by restimating the mods!

usingrealanddisaggregateominalFAQO food priceindicesin turn.

The findings can be summarised as follows. Fingestimated endogenous regiswitching
specification allowed us to constrygbbalfood price mean aneblatility indicatos, the latter
capturingin particularthe likelihood of volatility(a measure of uncertainity the global food
marke) remaining in the same regime fong periodsof time. Secondthe results obtained

from the structural VAR models show that domesticdf@mnsumer pricénflation reacs
strongly to global food price mean andlatility shocks buttheseeffects areonly transitory

It alsoappears that the response of food CPI to global food palzility shocks is more
volatile in countries with a higher food consumption share in total consumption and a higher
food share in the CPI bask&hird, there isevidencehatglobal food price mean analatility
shocksaffect core inflationthrough secondound effects olomesticfood consumer price

inflation; thesearehighly persistenand even increasirayer timein most countriegspecially
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in the case omean shocksThis implies that food price inflatiowan affect nonfood price
inflation as a result oBhocks originating from global food pricels contrat to previous
studieswe find thatthe food consumption share total consumptiomr thefood sharein the
CPI baskeof individual countriesdo not play a rolen terms oftheexistenceor sizeof second
round effectsFourth, it appearthat central banks react mdoeglobal food price mean shack
thanto volatility oneswhen designing policie® target inflationFinally, the resultdased on
real anddisaggregatdéood pricessuggest thathe seconeround effectson core inflation are
persistent regardless of the level of aggregatiah@tatawhich onlyaffectsthe size of the

effects

These findings have important implications for policymaktste specifically, ar analysis
highlights the importance alistinguishing between the effects of global food price mean and
volatility shocks whichrequire different policy responsasd carhelp central banks€hocse

the best measud consumer pricénflation to targetFurthermore, theresence opersistent
secondround effecson core inflationmpliesthat there is strong pasthrough channel, either
throughinflation expectations ofirms thark-up, which is important for central bankstaie

into accountFuture researcbhouldfocus upon establishirtfge exact nature of thishannel
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Appendix A. Additional results from the VAR model with real food prices

Figure Al. Inflation responses to other foreign shocks
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Notes: The solid black line represents the median response, the dark blue shaded area represents the 68%
band, while the light blue shaded areas represent the 95% confidence bands. The solid orange line repr
counterfactual with the doastic food inflation channel shut off. US = United States; UK = United Kingdom; E
euro area; CA = Canada; JP = Japan; K&bgth KoreaMX = Mexico; DK = Denmark.
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Figure A2. Output and policy rate responses to real food price shocks

Panel AT Response to real food price mean shock
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Notes: The solid black line represents the median response, the dark blue shaded area represents the 68%
band, while the light blue shaded areas represent the 95% confidence bands. The solid orange line repr
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Figure A3. Output and policy rate responses to other global shocks

Panel AT Response to oil price shock
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Figure A4. Inflation responses to domestic shocks

Panel AT Responseo supply shock
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Figure A4. Output and policy rate responses to domestic shocks

Panel AT Response to supply shock
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counterfactual with the doastic food inflation channel shut off.
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Appendix B. Output and policy rate responses talisaggregatefood price shocks

Figure B1. Output and policy rate responses to cereal price shocks

Panel AT Response to cereal price mean shock
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Notes: The solid black line represents the median response, the dark blue shaded area represents the 68%
band, while the light blue shaded areas represent the 95% confidence bands. The solid orange line repr
counterfactual with the doastic food inflation channel shut off. US = United States; UK = United Kingdom; E
euro area; CA = Canada; JP = Japan; K&bgth KoreaMX = Mexico; DK = Denmark.
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Figure B2. Output and policy rate responses to meat price shocks

Panel Ai Response to meat price mean shock

Panel Bi Response taneat price volatility shock

Notes: The solid black line represents the median response, the dark blue shaded area represents the 68%
band, while the light blue shaded areas represent the 95% confidence bands. The solid orange line repr
counterfactual with the doastic food inflation channel shut off. US = United States; UK = United Kingdom; E
euro area; CA = Canada; JP = Japan; K&bgth KoreaMX = Mexico; DK = Denmark.
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