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Abstract. This paper examines the existence of convergandedistribution dynamics of food price inflationtes
within the European Union. Differences in such #jegrice index inflation rates and changes inithegional
distributions reflect largely differences and deyghents in market conditions and structures. Tiadit measures
and approaches faconvergence ane-convergence, fail to capture sufficiently the ewod distributional dynamics.
The latter includes possible mobility prospectshimitdistributions and potential formation of cluli® deal with
these issues, the paper adopts developments litettagure of non parametric econometric methods employs an
alternative conditional density estimator as wéihplementation of this estimator is superior, naotyoto the
restrictive discrete Markov chain approaches, kad # the usual estimation of conditional densitising stochastic
kernels. The adopted estimator has smaller integnatean square error than the conventional estim@anel data
analysis of3-convergence is conducted too, using panel unittests. Data used are the harmonized consumer pric
indices of food and eleven specific food productugs for 15 European countries, older member stdtése EU.
Extracted evidence based on the estimates is gessemalyzed, and conclusions are discussed.
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1. Introduction

The issue of inflation convergence and dispersias bained increasing attention in the economic
literature during the last few years. Several @sidinvestigate the inflation dynamics and its
determinants. In the existing literature there tve different trends. On one hand, there are sévera
studies of inflation convergence or divergence leetwdifferent regions of a country. Thus, Ceccluitti
al. (2002) and Rogers (2006) examine inflation @gence trends in USA., Dayanandan and Ralhan
(2005§¥ investigate price index convergence among Canadiitricts as well as cities. Fan and Wei
(20062 investigate inflation convergence among 36 Chineisies, Busetti et al. (2008) test for
convergence among ltalian regions and Yilmazkud2909J* tests inflation convergence among
different regions in Turkey.

On the other hand, inflation convergence is ingas&d within a group of countries like the European
Monetary Union (EMU) members or countries duriransition to EU. In fact, it was the formation oéth
EMU that boosted the interest on inflation ratespdision and convergence, with the work of Rogers
(2001), Montuega-Gomez (2002), Sarno and Zazza®dO3R Altissimo et al. (2005), Kutan and Yigit
(2005), Weber and Beck (2005), Busetti et al. (30@bschi and Giraldi (2007), Faber and Stokman
(2008), Lopez and Papell (2008), Sturm et al. (30@ber and Hagemann (forthcoming), Coricelli
(forthcoming). Additionally, EU inflation rate coewgence has been analyzed relative to a benchmark,
most commonly USA. or Japan (e.g. Beck et al., 20Bi®ally, some studies deal with the issue obglo
inflation rate dispersion and convergence (e.g.dreWu, 2001 and Borio, 2007).

Many studies connect inflation differentials withet productivity catching-up process (eg. Canzoneri,
2003). Other studies focus on the role of monetamy fiscal policies in the formation of inflation
differentials as Cecchetti et al., (2002) and Weded Beck (2005) who try to identify whether the
European Central Bank’s ‘one size for all’ inflaticate target of 2% under covers the risk of diefator
some countries. A well founded monetarist viewhist ttontinued and even increasing inflation careot
attributed to market structure, since that woulglynhat this structure deteriorates constantly enadket
concentration increases at an increasing rate, @fotvhich are not usually confirmed. Hence, foresth
reasons too, the supply of money remains the sigmif factor. However, when we deal with inflation
rate differentials among regions and countries ithh wrice inflation rates for specific groups obgucts



such as food, other factors play an important oolénflation dynamics and convergence. These factor
are strongly related with market structure, the ntgu specific trade policy, the food supply chain
functioning and the degree of absorption of exteshacks in different countries.

Dalsgaard (2008) recognizes the influence of coitipetand market structure issues, such as theedegr
of market concentration, mergers and acquisitionsquures and formation of cartels, in inflatiotesa
Also Fousekis P. (2008) points out the fragmentatibthe European market and claims that the ioftat
rate differentials and dispersions are not effitieconfronted by horizontal EU measures but byngjes

in the market structures in the EU countries.

Additionally, Bukeviciute et al. (2009) associatee tfluctuations of the food price inflation with
differences in the food supply chain functioningpeV also point out that an external shock (e.grépé
increase in agricultural commodities and in enqugges that have been lately observed) is difféyent
absorbed in each country, and thus contributesgto inflation dispersions. This fragmentation, raes
by the different degree of absorption, is a posst@dnsequence of the different market competitioth a
regulatory framework. In this sense food priceatifin differentials are a signal that the EU fooalrket
still remains fragmented.

The above effects are rather difficult to deterdinevhen the examination of the inflation rates is
restricted to the general inflation index. As onteresting is located in the food sector, we exantie
existence of convergence in the ‘Food and non alambeverages’ index as well as in its eleven pobd
groups. Data is provided by Eurostat and consistswonthly HICP indices for the EU15 countries from
1997:01 to 2009:05.

The methodologies we used in this analysis conma fite growth literature. This is also the casetlfier
vast majority of the inflation convergence studieghere the notions of-convergenck and o-
convergence are very popular. In the first casatuhexamined is the ‘mean-reverting’ behaviouthef
inflation rate. A negative and statistically sigc@int value indicates convergengeconvergence can be
estimated either by cross-section regressionsy dinte-series and panel unit root tests. The rijpaf
the unit roots indicates convergence. In the cdseamnvergence analysis, the evolution of inflatiater
dispersion along time is examined. Decreasing déspe is an evidence af-convergence. Finally,
Weber and Beck (2005) introduce another methodolomymonly used in the growth literature, the
distribution dynamics approach.

In our analysis, we used panel unit root testspmliog to Levin, Lin and Chu (2002y;convergence, as
described by Sala-i-Martin (1996), and the distiitrudynamics approach, which was first introdubgd
Quah (1993). The latter approach is applied udiegkernel density estimator, provided by Hyndman et
al. (1996) and Hyndman and Yao (2002). This estimiaas been introduced in the growth literaturenfro
Arbia et al. (2005), who examined the convergeric&DP per capita in the Italian regions. This new
alternative approach has two advantages. Firgtyés a density estimator with smaller integrateshm
square error and additionally it provides more oidfit visualization of the distribution dynamics
evolution.

The rest of the paper is organized as follows.i8edt.1 provides a literature review on previouslfhgs

on food inflation rates dynamics and its determisain Chapter 2 we present the data used in this
analysis and some descriptive statistics. In Chigdtee describe the methodologies we use as wellias
findings. Specifically, Section 3.1 analyzes théiow of -convergence, while Section 3.2 describes the
notion of s-convergence, its importance and the connectioh pvitonvergence. Finally, in Section 3.3
we introduce the notion of distribution dynamicddaing a discussion on the several disadvantadges o
the aforementioned convergence measures. Thusaper fis organized so that each methodology is
followed by the results it yields. Finally, our abnding remarks are presented in Chapter 4.

1.1. Evidence on Food Inflation Rate Dynamics

While the vast majority of the existing literatuiegamines the general inflation rate dynamics tlaeee
several studies which go beyond it. Weber and B26k5), examined the inflation convergence in two
samples of European countries. For this purposg, tked HICPs of the total index as well as fosd2-

Yin fact, there is a theoretical gap in flheonvergence notion, as we cannot derive it thiaiét, as in the case of GDP per capita.
Nevertheless, it is rational to expect that as mroon union grows up, the common policy as well fees arket integration
processes will follow up by a common inflation rateéhe long-run (ECB, 2003).



indices, including the ‘Food and non alcoholic bages’ index. What they found is that there is
convergence in the ‘Food and non-alcoholic beves'aigelex, but they did not provide half-liveas the
solution of the nonlinear expression f@rconvergence they used, produced complex number.
Additionally they found that the estimat@ths are greater in the total period rather thanghgod after

the EMU, an evidence of slow@rconvergence after the introduction of the commarremcy. This
evidence indicates non-linearities in the convecgeprocess i.e. the further the convergence has
proceeded the slower the speed of the convergehdditionally, they found evidence of overall
dispersion decline but only in the first half of’'@0After the second half the dispersion is nottar
decreased and in the first years of 2000 the inflatlispersion has even increased. This is a sorewh
paradox finding, as a period of strofigconvergence does not coincide witiconvergence. In growth
literature (see Sala-i-Marin, 1996) this phenomeisooalled ‘leapfrogging’ and indicates that coiexr
with relative low rank in inflation, not only connged but even overtake other countries with redativ
high rank in inflation rate, and vice-versa.

Dayanandan and Ralhan (2009) using panel unit tests(according to Levine and Lin, 1992 and Im,
Pesaran and Shen, 1997), found evidencf-adnvergence for ‘food’ index in Canada with hafé |
equals to 7.4 years. Sturm et al. (2009) estintaecoefficients of variation for several CPI's caiges,
and for different groups of European countries.yTtoeind significan3-convergence only for non-EMU
countries and only for period 2001-2005. They &amd significant evidence far-convergence both for
EMU and non-EMU countriés

Exploring the ‘Food and nonalcoholic beverages xhdeaber and Stokman (2008) found evidence in
favour of convergence from 1980 to 2003 in Eurdpethe early 90s, there was a strong price level
convergence for all"*level indices (including ‘Food and non alcoholievierages’). Finally, Fan and
Wei (2006), used panel unit roots test, accordimggvin and Lin, (1992) and In, Perasan and Shen,
1997) for ‘Food’ index in China, based on monthtice indices across 36 major Chinese cities and ove
a seven year period. The two tests provided coictay results, as convergence was only supporjed b
the Im, Pesaran and Shen test, and only when thedbkection was based in the ‘modified Schwartz
information criterion’. In this case, the half-liieas estimated to 4.6 months, which is substaptialler
duration than those usually found in literaturen Fend Wei (2006), suggest that those results are
stemming from the fact that they use high-frequesi@ta which fit better with the time needed forcpri
convergence in domestic markets and thus they dhanthe results of the other studies are sufgerin
from the ‘aggregation bias’ (the consequence afgiaiggregating data, see Taylor, 2001).

2. Data and descriptive statistics

To examine the food inflation dynamics in EU, wee usonthly data of HICPs for ‘Food and non
alcoholic beverages’ and for the eleven differentdpcts groups (Table 1). Inflation rates are caoiegu
as annual percentage changes of the price indietawss:

7 =100*(InP - InP_,)=100*(p - p_,) 1)

where 77, denotes the inflation rate in period t, andépresents the respective price index in periq t.
andp,_, are the natural logarithms & and R_, . The results for the ‘Food and non alcoholic bages’

index are summarized in Table 1. On average, GraadeSpain have the greatest inflation rate, while
Sweden and Germany have the lowest. It is alsdhwoentioning that Ireland and UK have the greatest
inflation rate deviations, while Luxemburg and Garm have the lowest.

2 The half-live is the time necessary to fill halftbg transition between the initial level and ttegisnary value.
3 Also, the examination of more disaggregated dataals a statistically significapt ands-convergence for two products groups.
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Figure 1.a) Food inflation rates for the EU15 countri@sTimes that each country has been included in
the ‘high’, ‘medium’ and ‘low’ food inflation rateategory.

Figure 1a presents an illustration of the inflaticate dispersion in the ‘Food and non-alcoholic
beverages’ index. Dispersion is spanning a bandinako4-6% width with extreme minimum and
maximum values equals to 2.6 and 10.8 respectively.

Table 1 Descriptive statistics for the general food itifla rates and for the eleven food product groups.
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1.Food and Non-alcoholi¢ Mean | 2.022.38|2.29(2.17(2.03|1.27| 3.40|2.592.16|2.63|1.81| 2.19 1.75(2.242.230.53
beverages St.dev]1.97/1.96|2.32[2.59|1.87|2.26( 2.29|2.41{1.73|1.43(2.89| 2.08 2.23(3.092.16

Mean | 2.643.24{3.27| 1.95|1.98|1.65|4.37|2.962.38/2.95|1.71]| 3.51
St.dev|2.44|2.50[2.91|2.27|1.51|2.11]| 3.05|3.042.48|1.77|2.14{ 2.62 2.88|3.432.39
Mean | 1.772.09[1.43]1.32|2.31|1.21| 2.84|1.931.96|2.30{1.67| 1.26 1.47|1.851.880.53

3
N
3.09
2.00
3.43(1.87|2.102.600.82
231
2.98
St.dev)2.28|1.83)3.04| 3.62|2.29|2.84| 1.86|3.241.85|1.76/2.94| 3.60| 3.07|2.78/4.152.71
3.46
212
2.93
4.02
-0.20

1.1.1.Bread and cereal

1.1.2.Meat

Mean | 2.543.29|3.28| 3.01|2.25/2.87| 4.35|3.232.90|2.96|3.44| 3.46 3.24|3.723.200.44
St.dev|3.38/3.57|3.32| 2.66{1.73]1.74{ 3.75|3.56 1.60/3.28|3.78| 5.31 3.22|4.253.06
Mean | 2.112.15/2.47|2.92|1.80{1.21|3.75|3.101.84{2.84/2.01| 1.45 2.06|2.642.280.77
"St.dev]3.98(3.80[3.95| 4.47(2.83|5.16] 1.85|4.572.01/2.99]4.89| 3.36 2.80/4.513.54
Mean | 2.212.16/2.92|2.82|2.34]{1.05| 1.37|3.431.73|2.46|2.17|0.17 1.58]2.21/1.850.97
St.dev|3.67|3.75[4.98] 4.03|2.73]5.85| 8.71|3.963.96/2.81|4.63| 8.13|16.64 2.88|5.805.43
Mean | 3.842.88|1.80| 3.55|2.44/1.35|4.04(2.21)2.41|3.53|2.56| 2.67| 4.45|3.22/2.012.820.87
St.dev|7.61|5.43|4.27|5.87|6.57|4.04{10.862.724.36/3.29|4.81| 5.81| 4.23{4.90/4.525.17
Mean | 1.532.14/1.00| 2.34|2.14/0.70| 3.06|2.722.61|3.21/3.11| 3.51| 4.27|1.98]2.552.430.91
St.dev{5.07|8.53|6.66| 7.45|5.75/6.17|11.717.814.33|4.95|8.41|12.22 4.34|6.80(8.046.99
1.1.8.Sugar,jam, honey,| Mean | 1.572.30[2.34{1.28|1.571.62| 3.84(3.281.79/2.17/0.82/ 1.34| 2.14/0.99/2.892.250.82
chocolate, confectionery| St.dev]2.07|1.63)1.42{1.72(1.74]{1.73| 1.34|2.690.90/1.63|2.64] 1.21| 1.34]|1.79]1.991.88
Mean | 1.871.71|1.87|1.55|1.99/1.00] 3.01{2.641.70{1.97|1.25| 1.99| 1.96|0.98]1.261.760.54
St.dev|1.59(2.96(2.14|2.14|1.76{1.12/ 2.31]1.881.29[1.36{2.91| 3.02| 2.34{1.70]2.792.69
Mean | 0.521.72|0.68|-0.131.22/0.35/ 1.75|3.0§1.25{1.36/0.69) 0.00| 1.27|-0.071.231.070.83
[St.dev]7.63(9.03[8.42]13.282.905.23] 3.293.48 2.14/4.15/8.14] 2.28| 3.60] 9.32|4.855.43
1.2.2.Mineral water, soft| Mean | 1.111.13|3.85|3.23|1.36/1.09| 3.28|2.141.34{1.90/0.99[0.13| 2.06{0.91/1.311.661.0]
drinks, fruit & veg/ble juicesSt.dev)2.80[2.11/4.67|1.78{1.53]|1.62{1.92|12.161.20/1.17|4.28/ 1.62| 1.45]1.19]1.871.99

1.1.3.Fish and seafood

1.1.4.Milk, cheese and eg

1.1.5.0ils and fats

1.1.6.Fruit

1.1.7.Vegetables

1.1.9.Food products n.e.

1.2.1.Coffee, tea and coc

Another interesting point revealed by the datdh#& countries have possessed different ranks gltinie
sample period. Figure 1b, shows how many timesh eamntry has been included in the ‘high’,
‘medium’ and ‘low’ rank inflation rate group. Th&igh’ inflation group consists by the first 5 coties

in the relative ranking, while the ‘medium’ and thaw’ inflation groups consist by the countriestiwi
relative rankings from 6 to 10 and from 11 to l&spectively. It's obvious that even the countriéethw
low average inflation rate, have been placed in'tilgh’ inflation groups at least for a few periodshis

is an example of ‘leapfrogging’.

Looking at the mean rate of the ‘Food and non-aitiotbeverages’ index (Table 1) we can see that the
lowest average inflation rate is detected in Geyndollowed by Sweden, Netherlands and Austria.
However, a look at the disaggregated product grqupsides a somewhat different picture. Whereas
Germany has the lowest inflation rate in ‘Food aond alcoholic beverages’ this is not the case fout

of 9 product groups (‘Fish and seafood’, ‘Oils datk’, ‘Sugar, jam, honey, chocolate, confectiohery
‘Food products n.e.c.’, ‘Coffee, tea and cocoa’ aktiheral water, soft drinks, fruit and vegetable
juices’). On the other side, Greece has the highestage inflation rate in ‘Food and non-alcoholic
beverages’ as well as in five product groups (@frand Cereals’, ‘Fish and Seafood’, ‘Milk, Cheard



‘Eggs’, ‘Sugar, Jam, Honey, Chocolate and Confeetig’). Ireland has the highest rate for ‘Oils and
Fats’ and ‘Coffee, Tea and Cocoa’ but the lowet far ‘Food products n.e.c.’. On the other sidegi§
has the lowest inflation rates in ‘Oils and Fatat he highest in three food product groups (‘Mgat’
‘Fruit’, ‘Vegetables’).

Finally, the dispersion of inflation rate for eaphoduct group provides us with some useful insights
Dispersion is lower for the ‘Food and non-alcohdieverages’ and also for the ‘Fish and seafood’,
‘Meat’ and ‘Food products n.e.c.’ (0.48-0.56) whitlés highest for ‘Mineral water, soft drinks, ftand
vegetable juices’, ‘Oils and Fats’ and ‘Vegetabl@sim 0.91 to 1.01).

These statistics clearly illustrate the complexiffure of our data. Whereas some countries pobgss
ranking in one product group they may possess &nking in another product group. Additionally, tees
rankings are continuously changing during our sanpgiriod and thus the interpretation of the detiegp
statistics should be very careful, as ‘criss-cmgsand ‘leapfrogging’ effects are clearly present.

Moreover, it seems that the market in each prodgoup has its own dynamics and structural
characteristics. This is in accordance with ounwithat food inflation rates in Europe are not only
affected by a common factor (like the fiscal andnetary policy). Country-specific factors as well as
different market structures may contribute to theeyved heterogeneity.

3. Methodology

3.1.p-convergence

According to Barro and Sala-i-Martin (199Bconvergence is present when different cross-saitio
time series show a mean reverting behdviBeck et al. (2006) estimate the average growt, i@s a
function of the deviation from equilibrium at a giv starting point, while Mentz and Sebastian (2003)
analyze inflation convergence using Johansen qpiation test. But usually researchers use eitimee ti
series or panel data unit roots tests for the exation of the mean-reverting behavior (e.g. Welner a
Beck, 2005, Bussetti et al., 2006, Lopez et alQ720-an and Wei, 2006, Cecchetti, 2002). One of the
major problems faced by researchers regarding $enies unit root tests is their low power, espécial
small samples. Recently, the use of panel unit tests has alleviated this problem to a great éxign
exploiting both cross and time series variatiorkifig this under consideration, we implement theihev
Lin and Chu (2002) panel unit root te@tLC).

Leti= (1, 2,....., N) denote the countries of cample and t = (1, 2,....., T) represents the timexndhe
test for inflation convergence is based on theofeihg equation:

ki
Ar, =pr4,t—1+e/+z¢i,jA7Tn—j+Dt, (2

=1

where A denotes the one-period (annual) changg b, represents a common time effect andis

assumed to be a (possibly serially correlated)ostaty idiosyncratic shock. The inclusion of lagged
differences in the equation serves to control fmiad correlation. LLC test allows for variation tfe
number of lagged differences, whereby their respechumber is determined using the Akaike
information criterion (AIC) and the Schwartz Infaation Criterion (SIC) methods. The inclusion of a
common time effect is supposed to control for cimmsional dependence caused by an external shock,
e.g., by the upsurge of agricultural commoditied anergy prices. To take control of this effect, we
transform the data by subtracting the cross-seattimean leading to
K
AL, = P75, + ) 8 A +0, 3

=1

where 77, is computed as

4 Using the example of a sport league, they preseonvergence in terms of how rapidly teams at thtéom of the ranking tend to
rebound towards the middle, or equivalently, hovckjy champions tends to revert to mediocrity.
® For a review on time series and panel data ecommsiesee Durlauf et al. (2005).
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Now, the examination of the mean reverting behavisimplemented by testing the null hypothesig tha
all p; are equal to zero against the alternative hypatlieat they are all smaller than zero. To testtbe
we use the Newey-West (1994) bandwidth selectiothote with the Bartlett spectral kernel. The
rejection of the null hypothesis (nonstationarityjplies that inflation rates exhibit mean reverting
behaviour and thus any shock that causes deviafionsequilibrium will eventually die out. The sgke
at which this occurs can be directly derived frdva estimated value of(denoteg0 ) using the formula:

t..r =IN(0.5)/In(0). According to Nickell (1981), the estimates forare biased downward for finite

samples. So, following Cecchetti et al. (2002),apply Nickell’s formuld to correct for this downward
bias. Additionally, to get a rough indication ofmlinearities in the convergence process, we implgm
the LLC panel unit root tests in two different tirperiods. Rather than splitting data according to a
specific event (e.g. the establishment of the EMu#) prefer to split the data in two almost equatgas
anything else would lead to the creation of attleas very small sample. If we find differgivalues in

the second period, then as Goldberg (2005) andaB@@09) report, we have an indication of non-linea
convergence process meaning that as we are gettisgr to the ‘steady state’ convergence speed is
changing.

Results

For the whole period}-convergence is present only in the ‘Fruits’ aneégétables’ product groups and
only when the lag selection is based on the SithatetHalf-lives were estimated to 4 and 2.9 months
respectively, based on the adjuspedalues. As Weber and Beck (2005) claim, sometiamesespecially
when the sample size is rather small, Nickell'sgess might overstate about the necessary adjustment
time. Adopting this argument, we consider the liafs estimated by the unadjusted and adjust®das

the lower and the upper bound of the real half-tegpectively. Our results are summarized in T&@ble
where the half-lives are presented, only in th@ses where the unit roots were rejected.

Getting to the first sub-period of our sample, tiwhole picture is completely different. Strong
convergence evidences appear in ‘Food and nonallcdbeverages’ as well as in seven product groups.
Also in three more product groups, LLC using Al@ Iselection method gives statistical evidence for
convergence and in one more product group thetiepeof the null hypothesis is supported only when
SIC method is adopted. Interestingly, the only piidyroup where no convergence evidence was found,
using both AIC and SIC methods, is the ‘Sugar, jaomey, chocolate and confectionery’.

Table 2.Panel unit root tests for food inflation rates &mdthe 11 product groups’ inflation rates.

TOTAL PERIOD 1997MO01 2002M12 2003M01-2009M05
Categories| P p-adj tstat I}flg 1gd;|.fe P p-adj tstat I}f/e2 1?2dfffe p pad tstat I%f/ef 12dfffe
S 1092 094 0.72 0.87 0.90 -1.39* 51 6.4 0.92 0.95 0.755
1 A" l0.93 095 7.83 0.81 0.84 -2.58***3.4 4.0 0.90 0.93 -0.08
111 S 1094 095 3.00 0.90 0.93 -0.80 0.92 0.94 1.006
A 094 095 6.70 0.88 0.90 -1.80** 54 6.9 0.86 0.88 -1.674
112 S J091 092 0.56 0.88 0.91 -1.69* 54 7.0 0.93 0.95 0.592
A 091 093 8.80 0.86 0.89 -1.62** 45 5.7 0.91 0.93 -0.133
113 S ]090 091 0.30 0.89 0.91 -1.62** 59 7.7 0.88 0.91 -0.253
A 091 092 559 0.84 0.86 -4.31***4.0 4.8 0.88 0.90 0.003
11.4 S 1094 0.95 6.48 0.90 0.92 -1.60** 6.6 8.9 0.92 0.94 -0.430
A 1094 0.96 10.36 0.88 0.91 -2.31**56 7.5 0.90 0.92 -0.379
115 S 10.95 0.96 1.58 0.94 0.96 -3.10**10.7 17.6 |0.94 0.96 -0.52
A 1094 096 7.45 0.95 0.98 -2.00** 14.530.0 |0.93 0.95 -1.54* 94 13.8
116 S [0.83 0.84 -7.12**3.7 4.0 0.82 0.85 -4.87***3.6 4.2 0.84 0.86 -4.47** 3.9 45
A ]0.83 0.84 -0.53 0.81 0.83 -453**3.2 3.8 0.84 0.87 -2.22*** 41 4.8
1.1.7 S |0.78 0.79 -8.64***2.7 2.9 0.75 0.77 -6.55***24 2.7 0.73 0.75 57722 24

® Nichell's formula for the estimation of the adjubieis: plim,_.(0-p) =(AB;)/ C;, where A, =-1+p)/(T-1),

B, =1-(U/T)(1-p")/ (1= p)and C; =1- 20(1-B; ) /[1- p)T - D].



A [0.76 0.77 4.79 0.72 0.74 -0.97 0.69 0.71 -3.01** 19 2.1
11.8 S 093 094 3.85 0.89 0.91 -1.10 0.92 0.94 0.218
A ]0.94 0.96 9.98 0.88 0.91 -0.08 0.89 0.91 -1.053
119 S o097 098 321 0.91 0.93 -0.68 0.94 0.96 0.296
A [0.97 0.98 5.46 0.87 0.90 -2.20** 5.0 6.4 [0.93 0.95 0.193
121 S 092 093 2.00 0.93 0.95 -4.20~*8.9 14.1 [0.93 0.95 0.500
A J0.90 091 9.44 0.86 0.89 -5.92***47 59 091 0.93 -0.460
122 S 092 093 1.53 0.89 0.91 -0.79 0.92 0.94 -0.240
A 1093 0.94 6.02 0.86 0.89 -1.46* 47 58 090 092 -1.27* 6.6 8.6

a) S, stands for the Schwartz Information Critefimmthe selection of the lags number
b) A, stands for the Akaike Information Criteriaor the selection of the lags number
* 10% level of significance, ** 5%level of signifamce, *** 1% level of significance

In the second subperiod, convergence is appeaigdrofour product groups (‘Fruits’, ‘Mineral water
soft drinks, fruit and vegetable juices’, ‘Vegetdil and ‘Oils and fats’). The speed of convergence
appeared to be slower in the first two cases,bthe third and fourth case, the speed of convesybas
been increased. However, we have to carefully pnétrthe above results. The evidences of slowing
down convergence, are supported by both SIC and la¢Cselection methods. On the other side, the
evidences of convergence speed-up are only sugparteen the AIC method of lag selection is
implemented and even in this case, unit rootsejeeted with marginal level of statistical sign#ice.

3.2.0-convergence

(a) 1. Food and non alcoholic beverages

(b) 1Brdad and Cereals
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Figure 3. Inflation dispersion in food inflation rates andthe eleven food product groups

In addition to the question of whether regions withh inflation rates tend to have persistentlyhleig
inflation rates or notf-convergence), another important aspect of conmergeoncerns the evolution of
the overall cross-regional dispersion of inflatiates. According to Barro and Sala-i-Martin (19¢1i}
issue is answered by exploring the existence-@dnvergence i.e. the evolution of dispersion tata set
over a given period of time. As Sala-i-Martin (19%9ustrates, in the presence @fconvergence, some
steady-state value for cross-sectional dispersionldvfinally be reached. Also, as Barro and Sala-i
Martin (1992) mention, -convergence is a necessary but not sufficient itiondfor c-convergence’.
This will be the case when ‘leapfrogging’ occursatdarge extent. As we have already illustrated in
Figure 2, inflation rates for ‘Food and non-alcabdleverages’ indeed exhibit this pattern.

In our caseg-convergence is investigated through the examinatfowhether cross-regional dispersion
of European inflation rates has stayed constant tiwee, has diminished or has increased in ‘Foadl an
non-alcoholic’ index as well in the eleven prodgrtups.

Results

Figure 3 presents the cross-section inflation dipersion from 1997:01 to 2009:05. What we can
generally see, is that for most of these categotiese is an upward trend in the last year (oranor
some cases). This is probably the outcome of tp&l riacrease in agricultural commodity prices and
energy prices beginning from the second half of720thus the overall dispersion time trend is affdct
and in four product groups the results indicateimereasing dispersion time trend, while in four
categories the dispersion trend seems to be sfadtuding the general ‘Food and nonalcoholic
beverages’ index). Finally in the rest four prodgobups, the dispersion is more or less diminishing
Apart from the general time trend, we can see #ath product group has its own characteristics.
Average values, range of dispersion and the nuibeform of peaks are not similar.

Another interesting point is that while the firseripd panel unit root tests indicate mean-reverting
behaviour in most cases, an analogous declinespedsion is not so obvious. With the exceptionhef t
‘Oils and fats’ and ‘Vegetables’ product groupseréhis no evidence af-convergence in our data. In
most cases, it seems that the dispersion is mdessstable in the first subperiod. So, it sedrasthep-
convergence is more or less not coinciding wititkonvergence and thus the common evidence of
‘leapfrogging’ appears in our data.

In the latter period, there is an obvious upwaedidr, which in most cases inevitably arises fromgiteat
dispersion of the last two years. This is not thgecfor ‘Vegetables’, ‘Fruits’, ‘Coffee, tea anctoa’ and
‘Mineral water, soft drink, fruit and vegetable gai product groups where the dispersion seems to be
decreasing. So, the absencepetonvergence in the second period coincides with ahsence of-
convergence in the latter period, with the exceptibthe ‘Oils and fats’ product group (leapfroggin

3.3. Distribution dynamics

While the two previous analyses provide us with am@nt information about the inflation rate
convergence, they have serious limitations. Asafrt concerng-convergence, it sheds light on the
transition towards to a steady state, but it presitho insight on the dynamics of the whole cross-
sectional distribution. More specific, a negatp/ean be associated with rising, declining or stetiy



cross-section inflation deviation. Clearly, a meththat cannot differentiate between convergence,
divergence and stationarity is of limited use (Arbt al., 2005).

Additionally, the combination of3-convergence and-convergence approach is also no effective
solution: analyzing the change of cross-sectionition deviation does not provide any informatimm
the intra-distribution dynamics. A constant staxdeeviation of the inflation rate could coexiststtwi
very different dynamics of the distribution rangifrgm criss-crossing and leap-fogging to persistent
inequality. The distribution dynamics approach geenes the above limitations as it examines directly
how the whole distribution changes over time.

Thus, in this section we are interesting in revepthe composition of inflation deviation distribrt or
as Weber and Beck (2005) question:

“...do regions with relatively low/high inflation ratstay in this position for a prolonged period infie,
or is the composition changing rapidly, i.e. doimts with relatively low/high inflation rates moaevay
from the tail into the middle of the distributioalatively fast?

Based on our previous results, one could suggestath far ag-convergence and-convergence give
different results for a specific time period, théwere should be intra-distribution dynamics. Inesrtb
make it clear, we will use the method of distribatidynamics, which was first introduced by Quah
(1993). Whereas this methodology has been mosgijeapin the economic growth literatdrét has been
already spread in several other economic areasglikironmental economics (e.g. Aldy, 2006).

The idea behind distribution dynamics is to fintha of motion that describes the evolution of tindire

distribution over time. Initially, Quah suggestée development of a probability model to describe

given economy observed in a given class of thenredistribution at time t moves to another clasthef
income distribution at the time t+ To do this, he used a Markov process. The dymaroicthe
probability measure of the distribution can be niledieas a first order autoregressive process:

Fie = M'(F) (5)

where M’(.) denotes the operator mapping periodistribution into period's tdistribution. Quah uses
M’(.) as a transition probability of Markov procegsdjusted to our case, each element of M'(.) dbssr
the probability that a country with inflation rabelonging to the class i at time t, will move te ttlass j
at time t«. Then, the distributions of.Es reveal the undercover dynamics of the distrifmutof the
inflation rate deviation. More specifically, if offieds that there is a tendency towards a singletpoass
then he can conclude in favour of convergence tdsvaquality. On the other hand, if./5 display a
tendency towards a two points mass or more, thisciear evidence of polarization or stratification

Whereas this approach is very simple and easypteiment, it is not generally suggested in theditiere,

as it has disadvantages stimulated by the disaté&tiz process which is more or less arbitrary amalct
yields different results when different discretiaat processes are applied (Reichlin, 1999). Markov
property assumes that in each moment of time timpdeal process depends only on the previous time
period. For this reason, Bickenbach and Bode (2003) pdimtut that Markov chain theory imposes
restrictions on the data-generating process.

Quah (1996) recognizing the problems arising bydiseretization process, suggested the substitation
the discrete transition matrices with a stochalstimel of a continuous state-space Markov process t
reflect the probabilities of transition between ypdthetically infinite number of classes. In thizse,
equation (5) transform to

For = [P(x A R(dy 6)

where, A is any subset of the underlying state sgac X and P(x, A) is a conditional density function
that describes the probability of a country tomdiiin t +t given that it is currently (time t) in state >g.i.

P(x A=RAX,0A X= 3 (@)

” For a recent survey in distribution dynamics, segihi (2007) and Durlauf and Quah (1999).

8a process is said to be a Markov chain if the remdariable at time t+depends exclusively on the information set at tiraed
not on any other previous period in time
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In our analysis, we define,Xas the deviation of a country’s inflation raterfr the cross-regional mean
and so the underlying state space is the reaRirle addition, we look for the reaction of the otiies in
one year period i.e.=1. Thus, the conditional density function descsiltiee probability that a country
will move to a certain level of inflation deviatidrom the cross-sectional mean after one year,ngitge
current inflation rate deviation (time t).

The conditional density function can be estimatethg a nonparametric estimation, first proposed by
Rosenblatt (1969). Hyndman et al. (1996) furtheveltgped this estimator, and also introduced very
convenient tools for better visualization of therad density. They define this estimator as:

f(y1x)=8 xR 8)
where
. 10 (=Xl (Il
9 (x y>-nabi§1*{ a b ©)
is the estimated multiplicative joint density of, i and
N L | ]
hT(X) = Elgl K( a (10)

is the estimated marginal density. In the aboveatigos, a, b, are bandwidth parameter controlling t
smoothness of the fif} and ||.||yare Euclidean distance metrics on the spaces afdXYarespectively

and K(.) is a symmetric density function, knowing the kernel function. Whereas there are many
different kernels functions, the most usual choiaesthe Gaussian and the Epanechnikov. In any case
the selection of the kernel function is not as inat, as the bandwidth selection (Silverman, 1986)

The conditional density estimator can be rewritien

b

_ (bl o (el
W = K(aXJ/ Z K[ax (12)

This estimator is in fact the Nadaraya-Watson Keregression estimator. Equation (11) shows that a
conditional density can be obtained by the sum kémel functions in Y space weighted by théxvin
X space. Using ¥x), the estimator of the conditional mean is giasn

. n [y
f10=g T Wi K[ ' y} )

where

- n
(X = yF (¥ 3 dF.le( iy (13)
i=

Hyndman et al. (1996) noticed that when the coodél mean function has an exacerbate curvature and
when the points utilized in the estimation are negfularly spaced, the above estimator is biasedrdar
to correct for this bias, they propose an altemeagistimator given by:

*
. y-Y

Ak 1
frlg=g 2wk

y

(14)
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Wheref;(X)=q+?(X)-T(X), f(x) is the estimator of the conditional means r(x)=K&%),

e =¥ -1(x and [(x) is the mean function offr (el ¥) . Instead of estimating(x) by the Nadaraya-

Watson smoother, we can apply many different smasthvith better properties. In this way, we can
obtain an estimator of the conditional density Wittver mean-bias properties. Moreover, as Hyndntan e
al. (1996) show, the modified estimator has a smaiitegrated mean square error than the standard
kernel estimatdr Lately, Hyndman and Yao (2002) proposed an rdtitre estimation method, called
the local parametric estimation which is defined as

n =Y i =X
R(,Boug; X y) = Z{ K{u} - eXp(Bo _181 (X - X))} K{HJ (15)

This local linear density estimator can be combinwétl the mean-bias-correction method of Hyndman et
al. (1996) in order to force the density functionhave a mean equal to any pre-specified smootieer (
Basile, 2006). In our estimations we will use tpiocedure. As far as the bandwidth selection is
concerned, we follow Hyndman and Yao (2002) alhaomit(for a review of the existing methods for
bandwidth selection, see Li and Racine, 2007)

In addition to the reduced bias estimator, Hyndmgal. (1996), propose two new ways to visualize th
conditional densities, namely the ‘stack conditiothansity’ and the ‘high density region’ (HDR) pdot
The former was introduced to direct visualizatidntlte conditional density which is considered as a
sequence of univariate densities and thus provister understanding than the conventional three-
dimensional perspective plots. The HDR plot cossi$tconsecutive high density regions. A high dignsi
region is defined as the smallest region of thepdarspace containing a given probability. Theséoreg
allow a visual summary of the characteristics oprabability distribution function. In the case of
unimodal distributions, the HDR are exactly thealgarobabilities around the mean value; however, in
the case of multi-modal distributions, the HDR thgis multimodal densities as disjoint subsets angl

In the ‘stacked conditional density’ plots, we atvee how the series of the univariate conditional
densities are located relative to the x-axis. & thass of the distribution concentrates in a palradl x-
axis line at zero point, it is an indication thateexisting deviation in time t, almost disappearsime
t+1. On the other hand, if the mass of the distrimgis located in a #5legree line (when t andt-axes
are similar scaled), then the existing deviationsme t, are more or less the same in time t+

Additionally, we are interested in the existencarafitiple modes in the conditional densities. Itisat
Quah (1997) report as ‘polarization’ or ‘stratifim’ effects. If in a univariate conditional detysithere
are more that one peaks, it means that from aicenfation rate deviation in time t, countriests to
end up in two (ore more) different point mass difition deviation.

In the case of ‘high density region’ plots, we atvsewhether the 25% or the 50% HDRs cross the 45-
degree diagonal (again t andrtaxes should be similar scaled), or are parallgh&horizontal axes.
Arbia et al. (2005) also emphasize the importarfcenalyzing central points like modes, the valukg o
where the density function takes on its maximumuesl Indeed, especially when the distribution
function is bimodal, the mean and the median areweoy useful, since they will provide only a
“compromise” value between the two peaks. Highestes for each conditional density estimate are
superimposed as bullets on the HDR plots.

Results

Our results are briefly indicated below in FigureAé we can see, there are many product groupsewher
the mass of the distributions concentrate in arpatrparallel to x-axis line close to zero point tlee
existing deviation in time t, almost disappeariimet t+1. This is not so apparent for the ‘Food and
alcoholic beverages’ index but it is well obviowes the most of the food product groups. Exceptioos

this trend are ‘Oils and fats’, ‘Coffee, tea andc@® and ‘Sugar, jam, honey, chocolate and
confectionery’ groups. In the first two cases thmévariate conditional distributions do not follow a
obvious trend. Both plots are so confusing, thatcase conclude for no common trend or law of motion

® Mean square error is the sum of the variance amddqbare of the bias. Because it is a point-wiepgity, we are interesting in
minimizing integrated mean square error (Li andiRac2007)
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that can adequately describes the evolution ofrtfiation rate deviation. Another possible explaoat

for this phenomenon could the under-smoothing, Wicthe consequence of a wrong kernel bandwidth.
This requires further investigation and can bedbject of future research. In the case of the ‘Sugm,
honey, chocolate and confectionery’ group, we aamclude that the distribution is in the middle bét
two extremes cases (the parallel to horizontal-ari$ the 45degree line). But apart from those product
groups, we can conclude that countries with lowglghirelative inflation rates are expected to moaekb
towards the mean in one-year period. These resuisdemonstrating the convergence hypothesis,
something that was not so apparent, regarding i@viqus analysis.

A very interesting outcome of this analysis is &éxéstence of thresholds points in our sample. Aelo
look at the plots indicates that after a certaimpof inflation deviation (either negative or pee) the
mass of the conditional distribution is not anymlmeated close to the zero point but near to theosjte

of this point. For example, in the ‘Bread and ckegroup, when inflation deviation is greater tHaor
lower than -6, the next year inflation deviatiorai®und -5 and 4 respectively. This is also the das

the ‘Milk, cheese and eggs’ and ‘Meat’ product greuMost of other categories also appear to have
threshold points, but only in the one side (eithegative or positive value). Those threshold paanésin

fact ‘leapfrogging’ cases and reveals that thisngineenon is mainly occurs in extreme points.

Finally, there are several cases of multimodalitespecially at the edges (e.g. ‘Meat’ and ‘Bread a
cereals’). These cases are observed more cleatheitdiDRs plots. This is an indication that in some
cases, a low or a high inflation rate deviationds leading to a common point mass in the next,\imatr

to two point masses.

(a) 1. Food and non alcoholic beverages (b) 1.1.1. Bread and Cereals
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(i) 1.1.8. Sugar, jam, honey, chocolate & confewiy () 1.1.9. Food products n.e.c.
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Figure 4. Intra-Distribution Dynamics of annualized inflatioate transitions. Stacked density plot (left
hand side panel) and HDR plot (right hand side Pane

10. Conclusions

Several factors affect the inflation rates in Ewap countries. Some of them contribute to a contosen
the inflation rates or in a diminishing cross-sewtil deviation, while others, usually country-sfieci
factors, create distortions and deviations fromditess-sectional mean. Many researchers have twied
investigate such factors usually from a less-maokietnted point of view. However, inflation ratesutd
reveal different market structures among the EUntiies as well as European market fragmentations.
Market concentration, mergers and acquisitionsnétion of cartels, differences in the food supgigio
functioning as well as different degree of absomptf external shocks and horizontal EU measurakico

be important factors for the inflation rate dynasig¢hus, the examination of inflation rate conveige
could also be an issue of interest for the marksearches. In this sense, we are interested in food
inflation rates persistent, convergence or divecgerends in the countries of EU15.

The data we used in this analysis consist of mgnithCPs for each EU15 country from 1997:01 to
2009:05. HICPs concern the ‘Food and nonalcohddieebages’ index, as well as eleven food product
groups. The analysis of these indices can provalevith very strong insight of the dynamics of each
specialized market.

The methodological tools we implement were inifiadleveloped in the growth literature and provide
different aspects of the notion of convergence. sTiiaconvergence and-convergence are initially
developed and then the distribution dynamics apgrda implemented. For this purpose, we apply
recently developed panel unit root tests and intieeakernel densities estimation methods and new
graphical tools, (namely ‘stacked density’ plot dmdh density regions’ plot).

Our results indicate that the general food inflatiate dynamics are inefficient to capture theedéht
dynamics in each product group. Additionally, themined period is characterized by dual behaviour.
In the first half periodp-convergence appears in most groups, as well tieeigeneral food inflation rate.
On the contrary, in the second half time periodlyof product groups appear evidences for
convergence. Moreover, the second half time peisodharacterized in the most cases by increasing
dispersion ¢-diconvergence).

Distribution dynamics approach was implemented datythe whole time period. In several cases, this
approach indicates that there is a trend of reeersif inflation rates to the cross sectional meah.
course, this was not the case for all product gspuile the degree of the mean-reversion is alsteq
different. Additionally, this analysis indicatesathithe ‘leapfrogging’ and criss-crossing’ phenomana
very usual in our data and are mostly appearstireeme points i.e. in cases of great negative oitipes
inflation rate deviations.
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To conclude, this analysis reveals the heteroggmditturope food market and shows clearly that the
market of each product group has its own dynaniibsis the consideration of the general food index is
not adequate to present a clear view of each groe.differences across groups can be due to market
and country specific reasons, as has been alreadyioned. The specific examination of each product
group could reveal more detailed and more robsstlt®

Certainly, further research is needed to get a elieav of the food market in Europe. In this diieot the
implementation of recently developed pair-wise @mgence tests, as described in Pesaran et al.)(2009
which are more robust in small sample sizes, aggested. Additionally, different approaches for the
estimation of the conditional density function (déeand Racine, 2007), could be used and evaluate.
Also, a possible expansion of our data, by inclusié regions rather than countries (as in Weber and
Beck, 2005), additional countries (as in Lopez, 906r greater time period, can further serve the
objectives of our study. Unfortunately, both expans are difficult to implement as, to our knowlegdg
there is no available data for such disaggregatdites. Finally, a joint inflation and price congence
strategy as described in Busetti et al. (2006)ctalgo offer valuable information.
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