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Abstract

Inflation shifts are in the spotlight in Latin America. This paper employs a Hidden Markov Model to uncover
and test the persistence of inflationary regimes in six Latin American countries: Argentina, Brazil, Chile,
Colombia, Costa Rica, and Mexico. It also uses an influence method based on the Mahalanobis distance
to measure how a series of economic factors affect the path of inflation throughout the 2020-2022 peri-
od. Subsequently, | elaborate on a comparative dynamics analysis. The results show that monetary and
international factors are the most important for the region and that the determinants of inflation are het-
erogeneous between countries. Specifically, US inflation shifts are crucial in defining the path of inflation
in Latin American countries, representing the most relevant factor in Argentina. In addition, the study finds
that Costa Rica is mainly affected by policy-related interest rates; demand-pull factors are central in Chile
and Mexico, and cost-push elements strongly drive shifts in Brazil and Colombia. Inflation determinants
are also time-varying and generally influence in different ways in consecutive periods. Finally, almost all
countries display regime persistence, except for Argentina.
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1. Introduction

Inflation is one of the most critical topics of economic theory. The relevance of this phenomenon
relies not only on the thousands of researchers that study its determinants, but on the social
impact behind it, for it must be widely recognized as the most regressive tax that exists’, affecting
directly those who have less. Over the years, great thinkers have developed arguments on the
causes of inflation, but it remains an open discussion. Moreover, it represents a challenge for
policymakers who try to lessen its impact on people from all regions of the world.

In the last three years, there has been an increasing public interest in the determinants and re-
percussions of the latter and unexpected inflationary events. In February 2023, for the eleventh
consecutive month, it is the number one problem of the world, with 43% of people declaring it
as one of the main problems they defy. Moreover, inflation holds the first place in 15 countries,
including Argentina and Colombia, as the most considerable worry?.

The central purpose of this study is to analyze the determinants of inflation shifts in Latin Amer-
ican countries over the period 2020-2022. There are three objectives: 1. To define inflationary
regimes and measure their persistence; 2. To examine the relative influence of a selected group
of variables oninflationary processes; and 3. To identify differences over time between countries.
The set of variables includes those traditionally in the discussion of the subject, which allows
for comparison between the most common theories about inflation. The countries covered are
Argentina, Brazil, Chile, Colombia, Costa Rica, and Mexico.

The paper proceeds as follows. Section 2 defines inflation shifts and employs a Hidden Markov
Model to deduce inflationary regimes and their persistence in Latin America; Section 3 summaris-
es the most relevant inflation theories and methodologies employed to measure their influence.
Finally, the determinants of inflation and comparative dynamics analysis are provided in Section 4.

2. Inflationary Regimes and Persistence
In this section, | define what an inflation shift is and use a categorical Hidden Markov Model

(HMM) to identify regimes of inflation and test their persistence in Latin America. limplement the
method developed by Kinlaw et al. 2022, who used it to identify those shifts for the United States.

' Inafigurative way.

2 According to What Worries the World, by IPSOS.
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2.1. Inflation shifts

lidentify an inflation shift from the acceleration of inflation; that is, the difference of the year-over-
year rates, allowing to find abnormal moves up and down in inflation that could have occurred
during the period. Let ¢, denote the inflation shift of country c at time t:

7

CPI < CPI >3

b (1)

_ ct ct
CPI CPI

ct-12 c t-36

Equation (7) gives a positive number if the one-year rate of inflation is greater than the three- year
rate, and vice versa. Also, a larger number (positive or negative) indicates a larger difference in
the mentioned rates. The corresponding period has been strongly atypical worldwide in terms
of inflation, and Latin America is not an exception. During this period, most of the countries in
the region have faced their uppermost rate in recent years. Figure 1 provides evidence of this
phenomenon using monthly data from the Latin American Reserve Fund's Economic Information
System (SIE), and confirms not only important differences with the preceding years’ rates but
mostly positive changes; that is, generally, countries have experimented higher inflation rates in

comparison to previous years.
2.2. Hidden Markov Model

Given the time series utilised to measure inflation, it is valuable to introduce two relevant ideas:
stochastic process and time series. The first one refers to a temporal sequence of random vari-
ables, whereas the second to a singular realisation of a stochastic process?, i.e. we have access
to just one of the possible outcomes of each of these random variables, as in equation (2):

Observations, X

/—/%
g —
{Xt}t:—oo_ {' X Xoy Xy Xgo ey Xy Xy X } (2)

Next, | use a Hidden Markov Model (HMM) to test the persistence of inflation shifts. A Hidden
Markov Model is a tool for representing probability distributions over sequences of observations

(Ghahramani 2001), in which a sequence of observations X is generated by a sequence of internall

3 See Romero-Aguilar 2020.
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states Z that follow a stochastic process. Transitions between states Z are assumed to follow a
Markov Model, where state Z, at time t only depends on state Z, , at time t-7.

A Hidden Markov Model has two initial components. First, there are observations, that are the
inflation shift time series for each country. Table 1 documents the selected characterization. In
second place, there are hidden states that are addressed as regimes and follow the same catego-
ries as the observations: deceleration, normal shift, high acceleration and very high acceleration.

Figure 1. Inflation shifts (%) in Latin America, according to Equation (1)
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Note: Left vertical axis plots inflation shifts for Argentina, Brazil, Chile, Costa Rica and Mexico. Right vertical
axis plots inflation shifts for Colombia.

Table 1. Categorisation, inflation shifts of Equation (1)

Inflation shift Category
¢,.<0 Deceleration
O0<¢, . <2 Normal shift
2=¢, <4 High acceleration

¢..24 Very high acceleration
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The model requires three set parameters: first, a state transition model A that will assign a higher
probability to regime persistence. This means that, for the initial model, it is more likely that after
a certain regime in a specific month (let's say deceleration at time t), a country shows the same
regime the next month (deceleration at time t+1). | set the probabilities this way according to
the findings of Kinlaw et al. 2022 regarding the strong regime persistence for the United States.

Next, we have an observation model B that is set to have stronger probabilities linked to same
observation-regime relations. For example, if we have an observed value (let’s say high inflation
shift at time t), it would be very likely for the model to reflect the same category (high accelerat-
ed inflation regime at time t + 7). Both A and B are available in the appendix. Finally, we have an
initial state distribution z that depends on the first observation for each country. Having specified
the model A = A, B, & | run it for each country by using the hmmlearn python package®. In order
to obtain the best score possible, this process repeats for a thousand iterations with help of a
pseudo-random number generator's (PRNG) seed.

As a result, the stationary transition model shows the probabilities of staying or switching to
different regimes, as depicted in Figure 2. The left panel 2A maps the situation for Colombia.
Similarly to the other countries, the regimes present strong persistence; that is, if Colombia
happens to be in a regime (let's say, with normal inflation at time t), it is very likely that it stays in
such regime the next period (having a normal inflation state at time t + 7). Almost all analysed
countries present strong persistence, as the elements in the diagonal of the transition matrix are
substantially higher than the non-diagonal elements.

Nevertheless, the analysis for Argentina produces a different result. As shown in Figure 2Bb, only
inthelimit regimes it appearsto exist a high persistence (deceleration and very high acceleration).
Moreover, it would be more likely to have decelerated or high accelerated inflation after beingin a
normal context. Furthermore, if Argentina is in a high accelerated inflation state, the expectation

of staying in the same state is similar than those of shifting to a normal or very high one.

4 Documentation available here.
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Figure 2. Probability of switching from inflation regime A (vertical axis) to
B (horizontal axis)
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Note: Heat maps for Brazil, Chile, Costa Rica and Mexico are available in the appendix.

3. The Determinants of Inflation

The objective of this section is to evaluate how the most relevant economic factors influence the
abnormal shifts in Latin America over the last three years, although | do not try to assert which

economic theory is more accurate. Then, | review the methods | use to measure their influence
and dynamics over the 2020-2022 period

31. What leads to inflation?

From only money matters to rational expectations, there exists a great variety of macroeconomic

arguments® around the causes of inflation in both the short and long run. Table 2 provides a
summary of the variables | used.

Modern economies have central banks that can directly set the quantity of currency in circulation.
Moreover, it seems to be that money growth and the rate of increase in prices move together over
long periods of time®, being the excessive money growth over output growth one of the most

5 See Totonchi 2011.

6 Garin, Lester, and Sims 2020.
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adopted thesis on the causes of inflation in the long run. The first monetary policy variable | use,
which are denoted by MP in Table 2, is money supply in the form of a three-year change. In the
same way, modern central banks raise the official (nominal) interest rate when high inflation affect
the economy. In this manner, | assume a Neo-Fisherianism viewpoint, in which the real interest
rate is independent of monetary factors, and so the nominal interest rates and inflation move in

the same direction, and MPRs’ are used as instruments to affect the price levels.

The second group of variables corresponds to international factors (IF), which take into account
United States’ inflation as well as nominal exchange rates. The first indicator is important due to
the strong economic relationships between Latin American countries and the US, and because the
2020-2022 period was characterized by worldwide increases in prices. The national exchange rate
to $1isimplemented based on pass-through theory, which argues that a country's rate of inflationis
more robustly affected by exchange rate fluctuations when the country widely depends onimports.

Table 2. Theories and variables

Theory Variable Data Measure

MP Money Supply M2 3y change
Interest Rates Policy-related interest rate Ty difference

IF US Inflation Consumer Price Index Ty change

Exchange Rates Nominal Exchange Rate to $1 Ty change

DP Private Consumption Household’s Consumption Expenditure* Ty change

CP Producer Prices Producer Price Index** Ty change
IE Inflation Expectations Inflation Expectations*** 1y difference

Monetary Policy variables come from monthly data fromthe Latin American Reserve Fund'’s (FLAR) Economic Information
System (SIE). The United States Consumer Price Index for All Urban Consumers (CPIUSCL) was downloaded from the
Federal Bank of St. Louis’ FRED. Data for Exchange Rates, Private Consumption and Inflation Expectations were downloaded
from OECD due to the time series frequency. The Producer Prices data for Chile, Colombia, Costa Rica and Mexico were
downloaded from OECD; for Argentina from Bolsa de Comercio de Santa Fé (BCSF) and for Brazil from Investing.com.
*  Household's Consumption Expenditure frequency is quarterly, hence | use interpolations to obtain monthly time series.
**  Data for Colombia, Costa Rica and Mexico belongs to the domestic series, whereas total market for Argentina, Brazil
and Mexico. Moreover, for Argentina and Brazil the available data were in one-month change units, hence conversion
to indexes was needed in order to have the one-year change.
**% Inflation Expectations frequency is quarterly for Chile, Colombia, Costa Rica and Mexico, and yearly for Argentina
and Brazil, hence | use interpolations to obtain monthly time series.

7 Money policy rate, or Tasa de politica monetaria in Spanish.
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Private consumption is taken into account due to demand-pull theory (DP); that is, increases
in aggregate demand that generate inflation pressures due to this being larger than the ag-
gregate supply at full employment levels. In contrast, cost-push theory (CP) proposes that
rises in the cost of production commodities impulse inflation rates, hence the Producer Price
Index is included. Finally, inflation expectations (IE) fit in the analysis in behalf of the Rational
Expectations revolution of 1970s, which recognises that economic agents generate expecta-
tions based on past and current information, and take into account these expectations when
making their decisions.

3.2. Influence method

Subsequently, an attribution methodology based on the Mahalanobis distance will be used to
examine the influence of the variables that were presented before. The Mahalanobis distance®
is a measure of divergence between groups in terms of multiple characteristics®. Another way
to introduce it is with variability: due to the positive or negative relation that multivariate data
could show, the Mahalanobis approach assigns a larger distance to those observations that are
not only further away from their means, as Euclidean distances would do, but to points from the
sample that show a larger variability. The application used in this paper is based on Kinlaw et al.
2022, in which the authors compute this distance to analyse inflationary regimes in the United
States. Let the Mahalanobis distance for country ¢ at time t from regime r be denoted as ¢, ;

6c, oo (Xc,z "M r)TS:r (Xc,t_luc, r) (3)

Where, for a specific country ¢, x_ , is a vector that contains the observations of the variables
attime t; u_  a vector that has the means of these variables for a certain regime r; and, S/ the
inverse of the symmetric and positive semi-definite variance-covariance matrix of variables in
regime r. The superscript T the transpose of a matrix, and the result is a scalar. Next, the dis-
tance of Equation (3) is converted into a statistical likelihood according to a normal distribution,

as follows:

L, = ! exp <_6;”> 4)

8 Developed in Mahalanobis 1936.
°  See MclLachlan 1999.
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In Equation (4), S, , is the variance-covariance matrix of the variables of country c in regime r.
Afterwards, the likelihood has to be rescaled to be interpreted as a probability. Let the probability

of country c at time t to be in regime r be denoted asp,,

Lc, tr
Pty (5)

all regimesr —c, tr

Next, in order to determine the importance of the variables | compute the derivative of the com-

posite function'® of Equation (5) with respect to the variables vector x_ . For a specific regime |,

t

this derivative corresponds to:

ap cti
oxX

ct

cti
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Equation (6) is a derivative with respect to the variables vector, meaning that the output is also
a vector and it represents the sensitivity of regime r to the variables of the model. Having four
regimes, and with the objective of obtaining the total sensitivity of the variables, | take an aver-
age' across regimes:

P,
axc, .

(7)

N

all regimes r

In here, {_, denotes the total sensitivity vector of the variables of country ¢ at a specific point in
time t. Finally, rescaling equation (7) with the standard deviations of the full sample allows to
obtain the relative importance vector of country ¢ at a given point in time t:

CC, t OC

8
£ @

Voo =

Za/l variables v

oL_, 00

ctr ctr ctr

00 OX

ctr ctr ct

. . p
9 Using the chain rule: 2

" Because of Equation (5), the average will sum to one. Hence, the average of the absolute values is computed.
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4. Results

In this section, | elaborate on the dynamics of inflation: how each variable influences the acceler-
ation of increase in prices over time, and what differentiates between Latin American countries.
| compute the relative importance of each variable in the inflationary process from Equation
(8). The tools show valuable information. However, it is important to notice that this measure is
relative and not an absolute value.

4. Latin America: A heterogeneous region

| first describe the general results. Figure 3 summarises the average importance of each possi-
ble explanation throughout the 2020-2022 period. It is evident that monetary and international
factors are the most relevant. Some countries show a more noticeable tendency, such as Costa
Rica with an average of 48% of its inflation shift driven by the monetary policy; or Argentina,
with international factors representing 38% of its variations. In contrast, Brazil and Colombia
are remarkably affected by cost-push schemes, which represent the third more relevant theory
in terms of average effects. Lastly, demand-pull and rational expectations share the last place
with approximately 12% of influence for all countries. Despite this, expectations seem to be
more equally distributed in a range from 10% to 16%, while demand-pull's average is markedly
determined by Chile and Mexico with 21% and 18%, respectively.

Figure 3. Inflation theories, average importance (%), 2020-2022
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The relative effects of each variable reflect a considerably heterogeneous background for Latin
American countries. Figure 4 presents a disaggregation of monetary and international factors.
Technically, the predominant determinantis Producer Price Index, but this is on average and clear
that Brazil strongly affects the mean value, having the stat a standard deviation of 10.86 pp. Next,
there is what seems to be a familiar bold determinant: the United States inflation rate, which is
not surprising considering the strong macroeconomic relations that Latin American countries
and the US share, and the 2020-2022 circumstances that have disturbed all regions worldwide.

Figure 4. Inflation determinants, average importance (%), 2020-2022
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Furthermore, policy-related interest rates account for most of monetary policy effects (and with
higher standard deviation), being almost all out of six countries relatively more driven by interest
rates in contrast with money supply, except for Brazil. Moreover, Costa Rica and Chile are not only
the two countries more greatly influenced by interest rates but also the less affected by M2. On
the other hand, private consumption and inflation expectations show the same relative impor-
tance, and Chile leads both measurements. Consumption displays a higher standard deviation
in contrast to expectations, as previously analysed. Finally, the least relevant variable throughout
the period is the nominal exchange rate with an average relative influence of 9%.
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4.2. Time-varying determinants

It is evident from the analysis that Latin America displays heterogeneity between countries in
terms of the average effects. Then, an important question arises: Do countries individually follow
a specific path throughout the period? The answer is no, as the tested variables display horizon-
tal differences for each country; that is, there can be highly marked determinants of inflation on
average, but they generally vary from one year to another, even between months.

Thedeterminants of inflationhave a fluctuating context, anditis optimalto observe specificexamples
of this behavior. Figure 5illustrates the average importance of each variable by year. As aresult, the
United States inflation rates highly influence Latin American countries. Throughout the period, this
international factor showed an importance of at least 10% and values up to 32% in Costa Rica and
Mexico, respectively, in 2020. Furthermore, Argentina exhibits the stronger relation between U.S.
and local inflation, with a minimum influence of 23% in 2021. The previous analysis excludes Brazil
because it displayed, on average, only 5% of inflation related to this factor during the whole period.

The strongest effect of a single variable corresponds to policy-related rates in Costa Rica. On aver-
age, MPRs determined 62% and 35% of the country’s inflation in 2020 and 2021, respectively. This
variable also influenced almost a fifth of Chile’s inflation. It is important to note that MPRs show
significantly high standard deviations, with an approximated maximum value of 21pp in 2020.
It also displays larger medians than means, which leads to think about heterogeneous effects.

Another relevant result comes from Chile and the role of private consumption, which not only
determines on average more than a fifth of the country’s inflation during the years but exhibits an
increasing tendency. That is, Chile’s inflation has been each year more dependent on demand-pull
factors, reaching a relative influence of 25% in both 2021 and 2022. Similarly, Mexico presented
an increasing path, and demand-pull drives a quarter of inflation in 2022. What's more interesting:
it was the least relevant determinant for the North American country in 2020. In general, for all
countries, indicators reveal that private consumption represented a higher impact on inflation in
2022, in contrast with 2020.

Cost-push factors strongly influenced the acceleration of the increase in prices in Brazil and Colom-
bia but in different ways. Brazil reveals a decreasing tendency in producer prices importance, while
Colombia was each year more influenced by this factor. However, it is vital to note that almost half of
Brazil'sinflation was determined by cost-push components in 2020 and by a still large share of 32%in
2022. Similarly, the results exhibit that Colombia had more constant shifts than Brazil,increasing each
year by approximately 5pp, whereas Brazil displayed a decrease of 14pp between 2020 and 2021.
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Figure 5. Inflation determinants, average importance (%) by year, 2020-2022
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Money supply effects in Brazil widely excel the average importance by 8pp. Unlike cost-push
factors, the influence of M2 on Brazil's inflation has increased throughout the period, causing
almost a quarter of it in 2022. In contrast, the money supply became relatively less important in
Argentina, with a 10pp decrease from 2020 to 2022.

Expectations effects in Costa Rica increased significantly, determining almost a third of the coun-
try’s inflation in 2022. This indicator has similarly affected all countries throughout the period,
having the minimum standard deviation across variables, with 2.34pp. Likewise, another factor
with data clustered around the mean is the exchange rate. However, it is relevant to note that this
was the least crucial variable with an average impact of 8.67%, and only Mexico experimented
values higher than 15% of inflation driven by this determinant.

Even the principal determinant of inflation varies between years. In 2020, it is the United States
inflation rate, whereas producer prices represent, on average, the leading determinant of inflation
in 2021 and 2022. Overall, the varying nature of these variables extends to shorter periods, as
pictured in Figure 7 in the appendix. Undoubtedly, inflation is not only a fluctuating phenomenon
but one strongly responsive to current events.

5. Conclusion

Inflation is one of the most crucial topics of economic theory, and there are multiple arguments
on its causes and effects. However, it remains as an open debate. What generates inflation? Is
it a persistent phenomenon? How responsive is it to current events? Does it impact all countries
the same way? In this paper, | analyse the persistence, determinants and dynamics of inflation
regimes for 2020-2022 on six Latin American countries: Argentina, Brazil, Chile, Colombia, Costa
Rica and Mexico.

| first define inflation shift time series and compute a Hidden Markov Model to uncover inflation-
ary regimes and test their persistence. Then, | select a set of economic elements grouped into
flve main categories: monetary policy, international factors, demand-pull, cost-push and inflation
expectations, and describe the methodology | use to test their influence. Finally, | analyse the
determinants and dynamics of inflation for 2020-2022.

The results indicate that inflation determinants are highly heterogeneous and time-varying. Fur-
thermore, inflationary regimes are strongly persistent; that is, if a country is in a specific regime,
it is very likely that it stays in such way the next period. Nevertheless, Argentina generates a
different result: only decelerating and high accelerating inflation regimes display persistence.
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The monetary and international factors are the most relevant determinants of inflation for the
period. Specifically, US inflation shifts have strong effects in Latin America, and are the main
component in Argentina. It also shows that inflation determinants are markedly heterogeneous
between countries: Costa Rica's inflation is highly influenced by policy-related interest rates,
whereas private consumption is crucial in Chile and Mexico. On the other hand, increases in
producer prices drive most shifts in Brazil and Colombia. There are also episodes in which the
determinants display considerably higher values than average, such as exchangerate in Mexicoin
2020 and money supply and inflation expectations in Brazil and Costa Rica, respectively, in 2022.

6. Appendix

6.]. Hidden Markov Model

Table 3. State transition model, A (%)

10 70 15 5
15 10 65 10
5 5 5 85

D = Deceleration

N = Normal shift

H = High acceleration

V = Very high acceleration

Table 4. Observation model, B (%)

15 50 25 10
10 10 70 10
10 10 10 70

D = Deceleration

N = Normal shift

H = High acceleration

V = Very high acceleration

17
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Figure 6. Probability of switching f

rom inflation regime
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6.2. Time-varying determinants

Figure 7. Inflation determinants, monthly importance (%), 2020-2022
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Figure 7. Inflation determinants, monthly importance (%), 2020-2022
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