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1. INTRODUCTION

In this paper we do a statistical analysis of the Mexican consumer price
index (indice nacional de precios al consumidor, INPC) microdata set to
study the price setting process in the different sectors of the Mexican
economy and characterize its rigidities. The microdata set goes from July
2002 to December 2009, comprising part of the period during which the
Mexican central bank has been working under an inflation targeting re-
gime and inflation has been historically low in Mexico. A better
knowledge of the way prices are set is important for understanding the
short-term effects of the monetary policy. An adequate response to shocks
will depend on the understanding of the price dynamics, the rigidity lev-
els, and the differences between sectors. Studying nominal rigidities,
where prices do not change instantly after a shock but remain rather con-
stant for a period, is essential for understanding the implications of mon-
etary policy on the short run. In this respect, it is important to understand
to what extent price rigidities are present in the INPC.

The identification of the rigidities that dominate the price setting
process could also be the starting point for a microeconomic analysis that
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studies the incentives that are causing these rigidities in different sectors.
The results presented here may point out rigid sectors and the need for
further research to understand the source of such price rigidities.

Furthermore, the result may be helpful to validate existent macroeco-
nomic models based on assumptions about the price rigidities. There are
studies documenting that price setters follow time dependent strategies
where the frequencies of price changes are exogenous (Taylor, 1980; Cal-
vo, 1983), state dependent strategies where such frequencies are endoge-
nous (Dotsey, King and Wolman, 1999; Caplin and Spulber, 1987), or a
combination of both suggesting the co-existence of firms which use dif-
ferent pricing strategies (Dotsey et al., 1999). In time dependent models
monetary shocks typically have longer lasting effects on real output than
in the state dependent ones, so it is important to empirically distinguish
between them.

In some countries important studies have been done addressing the
previous issues, see for example, Bils and Klenow (2004), Klenow and
Kryvtsov (2008), and Nakamura and Steinsson (2008) for United States
(UsA). In the Inflation Persistence Network, Aucremanne and Dhyne
(2004) did a study for Belgium; Hoffmann and Kurz-Kim (2005) for Ger-
many; Alvarez and Hernando (2004) for Spain; Baudry et al. (2004) for
France; Veronese et al. (2005) for Italy; Jonker et al. (2004) for the Neth-
erlands; Baumgartner et al. (2005) for Austria; Dias et al. (2004) for Por-
tugal; Linnemann and Matha (2005b) and Vilmunen and Laakkonen
(2005) for Finland; and Dhyne et al. (2005) sum up results for the Euro-
pean Central Bank joint research. A review of different literature studying
price microdata was done in Mackowiak and Smets (2008), and Klenow
and Malin (2010).

For Latin America the empirical evidence has until recently been par-
ticularly scarce. To fill this gap, a joint project with other Latin American
Central Banks has been organized, from which this paper forms part.
Nevertheless, notice that for Mexico there were already two studies about
the price setting process: Castanén et al. (2008) and Gagnon (2009). The
first paper is based on firms survey data and the second one on prices mi-
crodata (although as explained later, the microdata set stops in 2002).
The results of these two papers will be compared to our results at the end
of this paper.

In this document, we will try to quantify the degree of nominal rigidity
of consumer prices in the Mexican economy at the sector level. This was
previously done by Gagnon (2009) with data from 1994 to 2002 (extending
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it to 2004 but without linking the series). Nevertheless, most of his sample
covers the high inflation era and the disinflation period. The 3% annual
inflation target was set by the Mexican central bank in 2003,' so Gagnon
(2009) sample incorporates only few months of this regime. Here we will
focus on studying a low inflation period under inflation targeting, our
sample starts in 2002 and finishes in 2009.

Broadly, results show that in Mexico there exists a considerable heter-
ogeneity in the price setting behavior across different sectors (fruits and
vegetables change prices on average more than once a month but housing
prices take more than 12 months on average to change) and over time. Ev-
idence was found that when big shocks affect inflation, there is a strong
co-movement of the fraction of the firms that change prices with inflation,
i.e. the frequency of price changes moves strongly with inflation under
these circumstances.

In this paper, we shall first describe the Mexican Consumer Price In-
dex and the microdata set to be used (Section 2). Some definitions will be
given in Section 3, followed by the main results about frequencies, im-
plied durations, and magnitudes in Section 4. Also in Section 4 a compari-
son between our results and previous studies for Mexico will be given. Fi-
nally conclusions and possible further work are presented in Section 5. In
the Appendix, the same statistics for a few products are shown using an al-
ternative dataset (the collected prices and not the monthly averaged prices).

2. MEXICAN CONSUMER PRICE INDEX

The Mexican consumer price index, INPC, is an economic indicator that
measures the variations of a representative basket of goods and services in
Mexico throughout time. For its construction, there is a continuous col-
lection of the prices of specific items that form 315 homogeneous product
categories of goods and services. Each month around 235,000 prices of
these specific items are recorded to calculate the price variations of the
categories (see Banco de México, 2010). Each category has a different
weight in the INPC. The categories and their weights are determined
based on the Encuesta Nacional de Ingreso y Gasto de los Hogares

" In 2003 the 3% annual inflation target was fully established by the Mexican central
bank, although announced since 2002 (see Banco de México (2002)). Nevertheless, some
features of this regime were introduced since 1999 leading to a disinflation period. See
Ramos-Francia and Torres (2005) for an extensive discussion on implemented measures.
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(ENIGH), survey done by the Mexican statistical institute, INEGIL. This na-
tional survey takes into account households’ income and how they spend
it. The last update of the INPC basket was done on the second fortnight of
June 2002. The geographic representation of the index is ensured by in-
cluding 46 cities of the country from all the different states. For more in-
formation about the construction of the INPC see Banco de México (2002).

Headline inflation is computed using the price variations of the 315
product categories. Given that not all product prices have the same pat-
tern of behavior, it is convenient to classify categories into groups for the
analysis. In this document we will do our analysis at group level. Mer-
chandise can be divided in two groups, food and rest of merchandise; ser-
vices in three groups, housing, education, and rest of services; agricultur-
al products in two groups, fruits and vegetables and farm-related goods
(that include cattle products and eggs); and lastly administered goods
(that include gasoline, electricity, and gas) and regulated goods and ser-
vices (that include, for example, public transport, parking fees, driving li-
cence fee, etc.). The products included in each group that were used in
this paper are shown in Tables 6 to 14.

2.1 The Microdata

In this paper we will study the nine groups of the INPC described
above. The studied period goes from July 2002 to December 2009. The
first observation of our database corresponds to the first observation of
the latest basket.

Our dataset consists of quotes that correspond to the monthly average
of the collected prices of a given item, which are published each month in
the Diario Oficial de la Federacion. Each quote corresponds to a specific
city, outlet, and good and can be identified by a code. In total we have
more than 100,000 price trajectories” consisting of more than six million
quotes and forming the 315 product categories (see Table 1).

Our database has some features that need to be specified before pre-
senting the results. Our results will depend greatly on them, therefore
they need to be analyzed carefully.

The main one is that the individual prices are not published; the Dia-
rio Oficial de la Federacion only publishes the monthly average of these
prices. For some items (the most volatile ones, like agricultural goods), up

* Banco de México collects the prices of around 85,000 different goods and services at
a time; we have around 100,000 trajectories due to substitutions.
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TABLE 1. CATEGORIES, TRAJECTORIES, AND QUOTES OF THE WHOLE DATABASE

All Products Excluding 38 Categories
Total
Categories 315 277
Weight 100% 79.94%
Trajectories 102,615 75,496
Quotes 6,510,431 5,192,170
Mean Monthly Quotes 73,151 58,339
Minimum Monthly Quotes 57,568 (Aug. 2002) -
Maximum Monthly Quotes 85,837 (Oct. 2007)
Unregulated Products
Categories 295 257
Weight 82.83% 69.78%
Trajectories 97,592 70,473
Quotes 6,118,069 4,855,792
Regulated Products
Categories 20 20
Weight 17.16% 17.16%
Trajectories 5,024 5,024
Quotes 391,854 336,378

to four prices are collected per month, but only their average is available.”
Our quantitative results may be biased due to this averaging, nevertheless
the qualitative conclusions will stand.*

Sales cannot be identified in our dataset. Discounts are taken into ac-
count when recording prices (except for conditional discounts), but they
are not flagged in the Diario Oficial de la Federaciéon. As documented in
Bils and Klenow (2004), Nakamura and Steinsson (2008), and Mackowiak
and Smets (2008), an important number of price changes are temporary
discounts. Nevertheless it has been argued that sales and substitutions
may have a macroeconomic content and that both may be much related to
inflation. Therefore our dataset will include sales and product substitu-
tions.

Another fact to take into account is that not all quotes correspond to
individual items, some quotes are an average of a small sample of similar
goods (for example: three different brands of trousers form a sample of

s Gagnon (2009) uses a filter to smooth these averages. Nevertheless, different filters
can be used and each will give different results; therefore we decided to work with raw
data.

" In the Appendix results for a few products are given using all the collected prices
and not the published averages.
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one of the trouser quotes). All products composed of a small sample of
items are excluded from our database (this feature is mainly observed in
clothing products).” Own housing, hotels, car insurance, gold and silver
(in the jewelry category), phone services, education, electricity, and high-
way tolls quotes are calculated through subsystems which are calculated
with observed prices. This kind of products will also be dropped from the
dataset, except those that have regulated prices (as regulated products
will be studied separately). Additionally, some item prices are sampled at
each source around every six months, e.g. housing rent. These trajectories
are also eliminated. Finally, as in all databases, there can exist outliers, i.e.
prices that seem highly improbable. Given that we are taking the prices
from the Diario Oficial de la Federacién, this can be of importance given
that typos cannot be ruled out. We exclude the biggest price increases and
decreases keeping 99.9% of our database.

The second column of Table 1 shows the characteristics of the data-
base once the previous facts have been taken into account. Here 38 prod-
uct categories will be excluded, leaving us with 277 product categories,
75,496 trajectories and more than five million quotes. These represent
79.94% of the INPC.

2.2 Unregulated and Regulated Products

The prices of some of the sampled products are regulated. These
products form the administered and regulated goods and services groups.
Given that the frequencies and magnitudes of the changes of these prices
are not determined by the market, they can present very different dynam-
ics from the other products and can bias our results. Therefore we will
study separately the groups of regulated products and the ones of unregu-
lated products.

Table 2 shows this division and gives the number of categories and
weights of each of the groups. Once the weights of the excluded catego-
ries are accounted, the regulated products account for around 21% of the
INPC.

> Clothing products are not composed of small sample of items nowadays but of prices
of individual items. However, given that at the beginning of our sample they were, we are
excluding them.
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TABLE 2. CATEGORIES AND WEIGHTS OF REGULATED AND UNREGULATED GROUPS

All Products Excluding 38 Products
Unregulated products
Categories 295 257
Weight 82.83% 78.53%
Food
Categories 67 67
Weight 14.67% 18.35%
Rest of merchandise
Categories 124 90
Weight 22.35% 21.68%
Housing
Categories 6 4
Weight 17.86% 4.22%
Education
Categories 8 8
Weight 5.2% 6.50%
Rest of services
Categories 35 35
Weight 14.68% 17.69%
Fruit and vegetables
Categories 34 34
Weight 3.27% 4.09%
Farm-Related
Categories 21 21
Weight 4.8% 6.00%
Regulated products
Categories 20 20
Weight 17.16% 21.47%
Administered
Categories 4 4
Weight 7.77% 9.72%
Regulated
Categories 16 16
Weight 9.39% 11.75%
3. SOME DEFINITIONS

In line with other countries’ research on the topic, we will follow Klenow
and Kryvstov (2008) notation and decomposition. The monthly price
changes will be decomposed into two components, the fraction of items
that present a price change on that month (extensive margin adjust-
ments) and the weighted average of the size of the change (intensive mar-
gin adjustments). So if pit is the log-price of the i-th item at time t, the in-
dicator function of a price change is
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— 0 if p, =p,
! 1 lf pi,zipi/—l.

So if the weight corresponding to a product divided by the number of
items of that product category that registered a price change is w; then the
frequency or the weighted fraction of products that present a price
change at time 7is

fr, = Zwu L,
and the average magnitude of the price changes at time ¢1is

dp, = ziwili[ (i = busr)
[ Z Wil .

Therefore inflation (measured as the difference of log-prices) at time ¢
can be expressed as

7, = r,*dp,.

An equivalent decomposition can be done by separating positive price
changes from negative price changes. So the indicator functions for price
increases and price decreases at time tare respectively

— 1 Zf pi,t> it—1 — 1 ?f f’n< it-1
Ii[(+)_{0 %f pn :p/f/—l Ii[(_)_{o Zf pi/ :pit—l’

the frequencies of price increases and price decreases at time ¢ are

](77(+)=Zwi/[i/ (+) fr/ (_)=Zwi/[i/ )

and finally the average magnitude of price increases and price decreases
at time tare

Z w L, () (b = i) (=)= z W, L, (=) (b — i)
w, L, (+) )= Z w1, (=) .

dp/<+) =

Now inflation can be expressed in function of the frequencies and magni-
tudes of price increases and the frequencies and magnitudes of price de-
creases

7, = fr () dp,(+)+ fr,(5)dp, (=)
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The average duration of a price spell can also be computed. A simple
way of estimating it is by calculating the implied average duration from
the frequencies of each item, that is

e ———
" In(1- fri)

4. MAIN RESULTS FROM MICRODATA

In this section we will present the decomposition of our data in frequen-
cies, implied duration, and magnitudes for each group (in Table 6 to 14
these statistics are shown for all products).6 Weighted statistics and raw
ones will be presented as they give us different information. If we want to
study headline inflation or one of its subindexes, it is convenient to look
at the weighted ones. Instead, if we need to detect categories or sectors
with atypical rigidities, as a starting point for a microeconomic analysis, it
is convenient to look at the raw ones.

4.1 Frequencies and Implied Duration

4.1.1 Group level

On average, in Mexico, during the sample period, 35% of prices are
changing each month. The average frequency of price increases per
month is 24% while the one of price decrease is only 11%. Nevertheless
there is a big difference between regulated products and unregulated
ones. On average, 32% of unregulated product prices are changing each
month, from which 20% are increases and the remaining 12% are de-
creases. In contrast, the average frequency of price changes of regulated
products is 47%, from which the majority are increases (40%) and de-
creases are rare (7%). Although, in general, there is an asymmetry be-
tween the upward and downward changes, price decreases are not that in-
frequent (more than a third of the changes are decreases). This goes in
line with previous literature, for example, for the Euro area see Altissimo
et al. (2006) and for the United States see Peltzman (2000). Peltzman

® The results in this section may be statistically biased as we use the published aver-
aged monthly prices. In the Appendix the results for a few products are given using the
collected prices, and it can be inferred that our main conclusions stand.
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(2000) concludes that “output prices tend to respond faster to input in-
creases than to decreases” and that this “asymmetric response to cost
shocks is substantial and durable”. Ball and Mankiw (1994) give a menu-

cost model as a possible explanation for these asymmetries.

There is also a considerable heterogeneity in the frequency of price
changes across sectors. In Table 3, the average frequency of price changes,
increases, and decreases are given for the nine groups of the INPC. Notice
how the prices for the groups of fruits and vegetables, farm-related goods,

TABLE 3. WEIGHTED AND UNWEIGHTED AVERAGE FREQUENCIES OF PRICE CHANGES

Unweighted ~ Weighted Unweighted ~ Weighted
All products
Price changes 0.39 0.35
Price increases 0.23 0.24
Price decreases 0.16 0.11
Unregulated products Regulated products
Price changes 0.40 0.32 Price changes 0.27 0.47
Price increases 0.23 0.20 Price increases 0.22 0.40
Price decreases 0.17 0.12 Price decreases 0.05 0.07
Food Administered
Price changes 0.43 0.37 Price changes 0.90 0.90
Price increases 0.26 0.23 Price increases 0.81 0.81
Price decreases 0.17 0.14 Price decreases 0.09 0.09
Rest of merchandise Regulated
Price changes 0.29 0.32 Price changes 0.11 0.12
Price increases 0.17 0.19 Price increases 0.07 0.06
Price decreases 0.12 0.13 Price decreases 0.04 0.06
Housing
Price changes 0.10 0.10
Price increases 0.08 0.08
Price decreases 0.02 0.02
Education
Price changes 0.14 0.15
Price increases 0.13 0.14
Price decreases 0.01 0.01
Rest of services
Price changes 0.12 0.15
Price increases 0.09 0.11
Price decreases 0.03 0.04
Fruit and vegetables
Price changes 0.86 0.85
Price increases 0.45 0.44
Price decreases 0.41 0.41
Farm-related
Price changes 0.61 0.64
Price increases 0.34 0.37
Price decreases 0.27 0.27
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TABLE 4. WEIGHTED AND UNWEIGHTED AVERAGE MAGNITUDES OF PRICE CHANGES

Unweighted Weighted Unweighted Weighted
All products
Price changes 0.016 0.022
Price increases 0.094 0.075
Price decreases 0.133 0.132
Unregulated products Regulated products
Price changes 0.015 0.022 Price changes 0.024 0.022
Price increases 0.096 0.085 Price increases 0.063 0.041
Price decreases 0.133 0.143 Price decreases 0.129 0.089
Food Administered
Price changes 0.015 0.013 Price changes 0.006 0.006
Price increases 0.065 0.062 Price increases 0.014 0.015
Price decreases 0.069 0.067 Price decreases 0.059 0.064
Rest of merchandise Regulated
Price changes 0.011 0.010 Price changes 0.029 0.035
Price increases 0.101 0.085 Price increases 0.075 0.063
Price decreases 0.135 0.110 Price decreases 0.147 0.110
Housing
Price changes 0.028 0.028
Price increases 0.099 0.105
Price decreases 0.337 0.395
Education
Price changes 0.028 0.031
Price increases 0.099 0.061
Price decreases 0.337 0.228
Rest of services
Price changes 0.042 0.047
Price increases 0.115 0.103
Price decreases 0.233 0.196
Fruit and vegetables
Price changes 0.006 0.005
Price increases 0.147 0.153
Price decreases 0.149 0.155
Farm-related
Price changes 0.007 0.008
Price increases 0.067 0.061
Price decreases 0.071 0.063

and administered goods change the most (85%, 64% and 90% respective-
ly). Fruits and vegetables and farm-related goods prices increase and de-
crease almost with the same frequency, probably due to seasonal charac-
teristics. Quite the opposite, administered goods prices are continuously
increasing and rarely decreasing. On the other hand, unregulated services
(the groups of housing, education, and rest of services) and regulated
goods and services show few price adjustments and, in all of these groups,
upward adjustment of their prices are much more common than downward
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ones.” Education almost does not present downward changes. The groups
of food and other merchandise show less extreme behaviors having aver-
age frequencies of 37% and 32% respectively. This important heterogene-
ity across sector has previously been documented for other countries, for
the euro area see Altissimo et al. (2006), and for USA see Carvalho (2006).
The last one studies how this sectoral heterogeneity affects the dynamics
of monetary economies.

There is also no dominant spell length. Different implied durations
predominate for different groups (Table 5). On average there is a price
change every five months. However there is a price increase on average
every eight months but a price decrease every 30 months. Notice how the
groups of administered goods, fruit and vegetables, and farm-related
products change prices on average at least once a month. On the other
hand, the prices of the services are stickier. The housing group changes
prices on average once a year or less, education less than every six months
and rest of services less than every three quarters. In all the groups, as ex-
pected, it takes much longer to have a price decrease than a price in-
crease. Regulated goods and services seem to change prices once a year on
average; however this is just an average, notice that these prices can be
constant for very long periods and then change more frequently in others.

4.1.2 Product Level

At product level (see Tables 6 to 14), the average frequency of price
changes of unregulated goods ranges from 3.98% (newspapers) to 97%
(tomato). This heterogeneity is clearly illustrated in Figure 1 where aver-
age frequencies for each product are shown in progressive order. The x-
axis shows the accumulated percent of products plotted to that point. The
median for unregulated products is 37% while the mean was 32%. In con-
trast, for regulated products the median is 7% while the mean was 27%
indicating a highly skewed distribution (many products with few price
changes and not many products with a big number of them).

All previous results are reinforced with Figure 2. The box plots show
the distribution properties of the frequencies of price changes, increases,
and decreases of the items for each of the groups. The differences in loca-
tion, symmetry, and dispersion between the groups are perfectly captured.

7 The results from the group of housing need to be analyzed carefully given that the
trajectories of their main components, housing rent and own housing, were taken out of
the database.
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TABLE 5. WEIGHTED AND UNWEIGHTED AVERAGE DURATIONS OF PRICE CHANGES

Unuweighted ~— Weighted Unuweighted ~ Weighted
All products
Price changes 4.6 5.5
Price increases 7.3 8.7
Price decreases 20.3 30.7
Unregulated products Regulated products
Price changes 4.0 5.1 Price changes 12.4 7.2
Price increases 6.2 7.0 Price increases 21.8 15.1
Price decreases 18.0 28.6 Price decreases 50.1 38.2
Food Administered
Price changes 2.0 2.6 Price changes 0.4 0.4
Price increases 3.6 4.3 Price increases 0.6 0.6
Price decreases 7.1 10.2 Price decreases 23.4 20.8
Rest of merchandise Regulated
Price changes 3.9 3.5 Price changes 15.4 12.7
Price increases 6.5 5.8 Price increases 27.1 27.0
Price decreases 12.7 11.6 Price decreases 56.7 52.5
Housing
Price changes 12.3 12.5
Price increases 14.8 15.0
Price decreases 65.5 67.8
Education
Price changes 7.0 6.3
Price increases 8.0 7.0
Price decreases 69.2 70.1
Rest of services
Price changes 12.2 9.7
Price increases 15.8 12.1
Price decreases 62.6 58.8
Fruit and vegetables
Price changes 0.5 0.5
Price increases 1.7 1.8
Price decreases 2.0 2.0
Farm-related
Price changes 1.1 1.0
Price increases 2.4 2.2
Price decreases 3.4 3.3

Notice that the distribution of the administered goods is skewed to the
left, concentrating most of the frequencies around 90% and having main-
ly upward movements. Meanwhile fruits and vegetables and farm-related
goods have more symmetric distributions. Also the distributions of the
frequencies of price increases and decreases are very similar for these ag-
ricultural groups, meaning that it is almost as likely to have a downward
than an upward movement. Education is an extreme case, it has the lowest
median, the smallest dispersion, and almost all the distribution is explained
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FIGURE 1. FREQUENCY OF PRICE CHANGES BY PRODUCT (accumulated number of products

in percentages)
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FIGURE 2. BOX-PLOT OF THE FRECUENCIES OF PRICE CHANGES FOR EACH GROUP
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by the price increases. Housing and rest of services distributions are
strongly skewed to the right given that most of their items do not change
prices frequently.

4.1.3 Time series

When studying the time series of frequencies, it seems that the frequency
of price changes moves importantly with the annual headline inflation
(Figure 3). As inflation trends upward the proportion of products with
price increases also broadens, and when inflation shows a downward
trend the proportion of price increases diminishes. An inverse relation is

FIGURE 3. TIME SERIES OF ANNUAL HEADLINE INFLATION AND THE PRICE CHANGES FRE-
QUENCIES TO ALL GROUPS, 2002-2009
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exhibited with the price decreases, although less strong compared to the
price increases. Now, looking carefully at two important episodes, the in-
crease of international commodity prices from mid-2006 to 2008 and the
economic recession of 2009, the previous result is evident. From mid-2006
until end of 2008, the share of products increasing their prices boomed
and the share of decreasing prices seemed to have stayed stable causing an
important increase in headline inflation. When looking at 2009, it is clear
how the number of price increases lowered considerably and the number
of price decreases raised since the beginning of the year causing the im-
portant fall of headline inflation.

Nevertheless, as pointed out previously, not all sectors have the same
price behaviors. Looking at Figures 4 to 7 the differences between the
groups are clear. The different groups present very different behaviors.
Firstly there is an important difference between the unregulated and the
regulated groups. For unregulated goods and services (Figure 4), the fre-
quencies of price increases exhibit an upward trend since 2006. This
trend changes direction only at the beginning of 2009. The frequency of
price decreases is more stable, however it exhibits a slight upward slope
since the end of 2008. This change of trend for the frequencies of both
price increases and decreases since the beginning of 2009 match the fall
of annual headline inflation. Importantly, notice that the frequencies of
unregulated goods move strongly with annual headline inflation; the cor-
relation between this inflation series and unregulated goods price in-
creases frequency is 0.51 and between it and the price decreases frequen-
cy is —0.28. So as pointed out before, when inflation is rising the number
of firms increasing prices augments and the number of firms reducing
prices drops.

From all the groups (Figures 6 and 7), fruits and vegetables and farm-
related products seem to have the fewer rigidities; upward and downward
movements of prices are common. It is easily seen in the farm-related
group, that when headline inflation is increasing the difference between
the share of its product with price increases and those with price decreas-
es is positive and large. In episodes when this inflation has a downward
trend, this difference is very small or even negative. In contrast, services
groups (housing, education, and rest of services) show strong seasonality
and strong rigidities. The frequencies of the group of rest of services show
a continuous upward trend and, even during the recent episode of reces-
sion, its prices seem to be the ones reacting the less from all the groups of
unregulated products. The groups of food and rest of merchandise also
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FIGURE 4. TIME SERIES OF ANNUAL HEADLINE INFLATION AND THE PRICE CHANGES FRE-
QUENCIES OF UNREGULATED PRODUCTS, 2002-2009
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show an upward trend mainly after 2006 on their price changes frequen-
cies, nevertheless after the first quarter of 2009 there is a change of trend.
This is due mainly to an important fall on the frequencies of rising prices.
The frequency of negative price changes raised but in a smaller proportion.

For regulated products (Figure 5), frequencies of price changes do
not follow a clear pattern given that they are dependent of public policies.
The average frequencies of price changes of administered goods (Figures
6 and 7) are mainly constant at very high levels except for periods where
the government freezes or reduces prices, like the recent period starting
at the beginning of 2009. Regulated goods and services have a relatively
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FIGURE 5. TIME SERIES OF ANNUAL HEADLINE INFLATION AND THE PRICE CHANGES FRE-
QUENCIES OF REGULATION PRODUCTS, 2002-2009
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constant level of price frequencies (after accounting for seasonality) ex-
cept for the past last years where the average frequencies of price increas-
es seem to have risen significantly.

4.2 Magnitudes

4.2.1 Group level

In Mexico, as with frequencies of price changes, there is a big hetero-
geneity between sectors in the average size of their price increases and de-
creases (see Table 4). From all unregulated product categories, the services
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FIGURE 6. TIME SERIES OF THE UNWEIGHTED FREQUENCIES OF PRICE INCREASES AND
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FIGURE 6 (concluded)
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have the larger price movements (although infrequent) while agricultural
goods have the smaller ones (although very frequent). Regulated products
show big disparities as well, administered goods have many tiny changes
while regulated goods and services have more unfrequent bigger ones.

The previous result can be easily seen in a histogram. Figure 8 shows
the distribution of the sizes of price changes (for all products, unregulat-
ed products, and regulated ones). The distribution of unregulated prod-
ucts show fat tails; there are many small price changes, but there are some
large price changes. Although there are more price increases, the number
of price decreases is also important. Regulated products show a complete-
ly different story; most price changes are very small and mainly positive
(this mainly due to administered goods). Compare how around 47% of
unregulated price changes are smaller than 5% in absolute value, while
more than 86% of regulated price changes are in that range. Also notice
that more than 13% of unregulated price changes, but only 4% of the
regulated ones, are above 20% in absolute value.

4.2.2 Time series

The size of price increases and decreases, differently from frequen-
cies, do not seem to move importantly with annual headline inflation
(Figure 9). Even during episodes when inflation increases or falls
significantly, the size of price increases and decreases seem to be stable.
There is a subtle increase in the size of price decreases during 2009, but
the adjustment is not as important as the adjustments in frequencies
shown in Figure 3. The story is not very different for unregulated and
regulated products, which do not seem to co-move strongly with inflation
(Figures 10 and 11). Although when looking at each group separately
(Figures 12 and 13), the magnitudes of the price changes from the groups
of food, rest of merchandise, and farm-related products vary slightly ac-
cording to inflation.

4.3 Time or State Dependent

The results given in this paper have been showing that there is evi-
dence of both state and time dependence. In some sectors, adjustments in
the frequencies of price changes move strongly with annual headline in-
flation pointing out the need to study the extensive margin and a possi-
ble state dependent scenario. Nevertheless, in other sectors, seasonality is
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FIGURE 7. TIME SERIES OF THE WEIGHTED FREQUENCIES OF PRICE INCREASES AND
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DECREASES, 2003-2009 (Weighted Frequencies)
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FIGURE 7 (concluded)
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FIGURE 8. DISTRIBUTION OF THE SIZE OF PRICE CHANGES
Unregulated and Regulated Products
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FIGURE 9. TIME SERIES OF ANNUAL HEADLINE INFLATION AND THE SIZE OF PRICE CHANGES
OF ALL PRODUCTS, 2002-2009
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strong, giving evidence of time dependence. To complement the research
a study based on scatter plots is done. The corresponding graphs are not
included in this book.®

Analysis of the scatter plots shows that some seasonality can be identi-
fied in many of the groups. Housing and education are the most obvious
cases when looking at frequencies. Nevertheless, other groups like food,
farm-related goods, and regulated goods and services also show some sea-
sonal effects. When looking at average magnitudes, education is again the
one with the strongest dependence. Fruits and vegetables, and farm-related

® The full paper can be found in (www.banxico.org.mx).
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FIGURE 10. TIME SERIES OF ANNUAL HEADLINE INFLATION AND THE SIZE OF PRICE CHANGES
OF UNREGULATED PRODUCTS, 2002-2009
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goods show some cycles in their patterns of average magnitudes although
less strong than for average frequencies.

The scatter plot analysis also shows that the average frequencies seem
to move strongly with inflation. This is particularly evident for food, rest
of merchandise, and rest of services. As word of caution, a simple scatter-
plot is not a robust way of detecting relations and dynamics. In some cases
the relations shown may not be significant, there may be a lag on the re-
sponses of certain groups, or extreme values may be causing unwanted ef-
fects. As further research, a good model may need to be developed to con-
firm or reject the results given here.
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Summing up, in Mexico heterogeneity of the pricing dynamics be-
tween sectors is crucial. Some groups, like housing (excluding rents and
own housing) and education, seem to be time dependent. All the other
unregulated groups seem more to be state dependent.

FIGURE 11. TIME SERIES OF ANNUAL HEADLINE INFLATION AND THE SIZE OF PRICE CHANGES
OF REGULATED PRODUCTS, 2002-2010
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4.4 Comparison with Previous Research

Finally we should compare our results to previous papers done for
Mexico, specifically Castainén et al. (2008) and Gagnon (2009). Castaiién
et al. (2008) study the price setting process through a survey of firms of
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the manufacturing industry. Gagnon (2009) uses a similar database as
ours, microdata collected from the Diario Oficial, although the sample
stops in 2004.

Comparing average monthly frequencies, Gagnon (2009) reports that
22.1% of unregulated prices changed each month on average in 1994,
39.2% in 1995 and 27.3% in 2001. We have that on average for our com-
plete sample (2002-2009) the average monthly frequency for unregulated
goods is 32%. This figure seems a bit high compared to Gagnon’s one;
this is due to the fact that Gagnon filters the data to get a lower bound
while we do not use any filter as explained previously (so ours may be seen
as a higher bound for the frequencies (see appendix)). Despite this dif-
ference, both papers register that on average 42% of the price changes are
decreases and the remaining 48% are increases.

Castaiién et al. (2008) report that firms maintain prices unchanged
for around six months. Gagnon, after restricting his basket for it to be
comparable to the one of Bils and Klenow (2004), gives a mean duration
of 6.6 months for the period June 2000 to June 2002 and seven months for
the period January 2003 to December 2004. For our complete sample, the
mean duration for unregulated goods is 5.1 months.’

Nonetheless the three papers give the same conclusion, there is a big
heterogeneity in the price setting process between sector. There is evi-
dence of both time and state dependent strategies.

5. CONCLUSIONS

In this paper we studied the dynamics of price changes of the product cat-
egories included in the INPC using microdata published in the Diario Ofi-
cial de la Federacién from July 2002 to December 2009. This period is
characterized by a regime of inflation targeting and by historically low and
stable levels of inflation, although some temporary shocks were present.
Main findings can be synthesized as follows:

A main feature of the price setting behavior in Mexico is the hetero-
geneity between sectors. As expected, there are big differences between
unregulated and regulated sectors, but important differences also exist
between the unregulated ones.

9 , . .

Both Gagnon’s figures and our figures may be biased given the datasets, the exact
frequency and durations can only be obtained using the collected prices and not the aver-
aged ones.
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FIGURE 12. TIME SERIES OF THE UNWEIGHTED MAGNITUDES OF PRICE CHANGES, 2002-2009
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(Unweighted Magnitudes)
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FIGURE 12 (concluded)
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When studying price changes frequencies, services seem to be stickier
than the average, and agricultural goods change prices constantly.

Price increases are more common than price decreases. The agricul-
tural sector seems to have the more symmetrical distribution on this re-
spect and services the more skewed one.

The average size of the price changes also differ between sectors.
There are many small price changes, but big changes are not uncommon.

Average frequencies are correlated with annual headline inflation
while average magnitudes do not seem to move that strongly with it. When
big shocks affect inflation, the fraction of firms adjusting their prices seem
to vary considerably.

When focusing on the time series, at the beginning of our sample, av-
erage frequencies and magnitudes were rather stable. Nevertheless, when
inflation is importantly affected by shocks, mainly frequencies of price
changes respond. Although on average the price setting in Mexico seem
to be state dependent (mainly under big shocks), each sector seem to have
a different strategy when setting prices and there is also evidence of time
dependent behaviors.

This paper gives an initial insight of the price setting process in Mexi-
co. Nevertheless it only gives descriptive statistics, and it should be taken
as a starting point for a better model or a microeconomic analysis of spe-
cific sectors that can provide deeper conclusions.

Appendix

The results given in this paper are based on the monthly averages of the
collected prices of items that form the Indice Nacional de Precios al Con-
sumidor which are published each month in the Diario Oficial de la Fed-
eracién. As explained carefully in Gagnon (2009), the fact of working with
monthly averages instead of the collected prices may bias the results. For
example, if the price change for a weekly sampled item does not happen
at the beginning of the month, but instead, let us say, in the last week, the
averaged price of that month will differ from the last observed price. This
fact can cause that one given price change may be reflected in the averag-
es as two smaller consecutive ones, therefore frequencies may be overes-
timated and magnitudes underestimated when using averages.

In this appendix, the average frequencies and average magnitudes
of price changes will be estimated for a few products using the collected
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FIGURE 13. TIME SERIES OF THE WEIGHTED MAGNITUDES OF PRICE CHANGE, 2002-2009
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(Weighted Magnitudes)
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FIGURE 13 (concluded)
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prices and not the monthly averages. This will allow us to have an idea of
how biased are the results if averages are used.

Monthly average frequencies and average magnitudes for price
changes, price increases, and price decreases are shown in Table A.I for
few of the product categories of the Indice Nacional de Precios al Con-
sumidor using the collected prices and not the monthly averages. Com-
paring these figures with the corresponding ones in Tables 6 to 14, it can
be seen that by using monthly averaged prices the average frequencies
tend to be overestimated and the average magnitudes underestimated.
Nevertheless, all the statistics are biased and in the same direction for all
items. So even if the quantitative results are not exact, the qualitative re-
sults of the paper stand.

The conclusions given in this document can be drawn independently
of the inherent problems of using averaged prices. However, it will be of
interest as future work to use all collected prices, and not the monthly
averages, to do the estimations given that additional characteristics of the
price setting process can be studied (for example synchronization, sur-
vival analysis and hazard functions, the use of psychological and round
prices).
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