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Current Problems of Economic Theory
and Economic Policy

Dear Readers,

Thefirst this year'sissue of the scientificjournal of the University of Finance and Administration
brings four essays to you. The first two essays are the award winning works of the Prof.
FrantiSek Vencovsky Prize held by the University of Finance and Administration every two
years. The information of the contest and the subsequent conference held in 2011 was
brought to you in the previous issue of ACTA VSFS.

The essay of Filip Matéjka deals with “Information Frictions and Monetary Policy”. Here, the
rational inattention theory serves as the basis for analysis. Despite the fact that economic
subjects are overwhelmed by large volumes of information; they do not pay much attention
to each of the information received. Partial filtering of information may be economically
effective. By this, the efficiency of monetary policy is determined. This path of research is
further developed by Filip Matéjka in cooperation with Christopher Sims, the last year holder
of the Nobel Prize in Economic Sciences.

The essay of Sona Benecka “International Reserves and the Financial Crisis: Monetary
Policy Matters” shows that international and economic openness of a given economy and
exchange rate arrangement are key factors determining the amount of reserves. Other
factors are credibility of the central bank and stability of the financial sector in a given
country. International reserves continue to have importance for prevention and alleviation
of the impact of currency crises.

Another essay of Miroslav Hrncif “Monetary Policy and Financial Stability” poses a question
of whether or not the price stability and financial stability remain to be separate objectives
with different policies and instruments of the central bank. Up to the present, the monetary
policy has provided for price stability and responded to financial assets market bubbles only
retrospectively. The financial crisis shifted this view in a sense that the financial stability has
a growing importance for determining the monetary policy.

The final essay of Katarina Hilovska and Peter Koncz revives a purely economic issue of the
previous essays by giving an unconventional view on financial markets. It concerns the
“Application of Artificial Intelligence and Data Mining Techniques to Financial Markets”. The
article seeks mechanisms for adaptation in ever changing environment including an ability
to refuse non-probable solutions. In the essay, genetic algorithms for problem optimization,
both for time optimization of the stock market and portfolio creation, are used.
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The section “From New Economic Literature” includes reviews of two publications. The first
deals with the new book on management and controlling of small and medium enterprises.
The second review brings a critical view on the book concerning the current development
and future of the single European currency — the euro.

| believe that this issue of ACTAVSFS will bring you new and inspirational pieces of knowledge
and that you will continue to remain our loyal readers.

Oohudon @;%»J

Dr. Bohuslava Senkyiova
Editor in Chief
Rector, University of Finance and Administration

Vazeni ¢tenafi,

prvni letosni ¢islo védeckého casopisu Vysoké skoly finanéni a spravni vam pfindsi Ctyfi
stati. Prvni dvé patii mezi vitézné prace soutéze o Cenu prof. Frantiska Vencovského,
kterou porada Vysoka skola financni a spravni ve dvouletych intervalech. O pribéhu této
soutéze a o navazujici konferenci v roce 2011 jsme vas informovali v pfedchozim ¢isle
ACTA VSFS.

Stat Filipa Matéjky se zabyva Informacnimi frikcemi a ménovou politikou. Zékladem analyzy
jeteorieraciondlninepozornosti.Ekonomické subjekty jsouzavaleny mnozstviminformaci,
ne viem viak vénuji pozornost. Caste¢né filtrovani informaci mize byt ekonomicky
efektivni. To determinuje také Gc¢innost ménové politiky. Tento smér vyzkumu rozviji Filip
Matéjka ve spolupraci s loriskym nositelem Nobelovy ceny za ekonomii Christopherem
Simsem.
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Stat Soni Benecké Devizové rezervy a financni krize: iloha ménové politiky ukazuje, ze
klicovou okolnosti, urcujici vysi rezerv, je zahrani¢né ekonomickd otevienost dané
ekonomiky a rezim ménového kurzu. DalSimi faktory jsou kredibilita centralni banky
a stabilita finan¢niho sektoru dané zemé. Mezindrodni rezervy stéle zlstavaji ddlezité pro
prevenci a zmirnéni nasledkd ménovych krizi.

Dalsi stat Miroslava Hrn¢ife Ménovd politika a financni stabilita si klade otazku, zda cenova
stabilita a finan¢ni stabilita zdstavaji oddélenymi cili s odliSnymi politikami a nastroji
centrdlni banky. Ménova politika doposud zajiStovala cenovou stabilitu a na bubliny na
trzich finan¢nich aktiv reagovala pouze nasledné. Finan¢ni krize tento pohled zménila
v tom smyslu, Ze roste vaha finan¢ni stability pro nastaveni ménové politiky.

Zavérelna stat Katariny Hilovské a Petera Koncze ozivuje Cisté ekonomickou problematiku
pfedchozich stati netradi¢nim pohledem na finanéni trhy. Jde o VyuZiti technik umélé
inteligence a dolovdni dat na finanénich trzich. Clanek hledd mechanismy adaptace
v ménicim se prostiedi véetné schopnosti odmitnout nepravdépodobna feseni. Jsou
v ném pouzity genetické algoritmy pro optimaliza¢ni problémy, a to pro ¢asovou
optimalizaci akciového trhu a pro tvorbu portfolia.

V rubrice Z nové ekonomické literatury si mlzete precist recenze dvou publikaci. Prvni
z nich je vénovana nové knize o managementu a controllingu malych a stfednich firem.
Druhd recenze pfinasi kriticky pohled na knihu o dosavadnim vyvoji a budoucnosti
jednotné evropské mény eura.

Vétim, Ze toto ¢islo ACTA VSFS vam ptinese nové a inspirativni poznatky a zdstanete
nadale nasimi ¢tenaiskymi pfiznivci.

A /
Dr. Bohuslava Senkyiova

$éfredaktorka
rektorka Vysoké skoly finan¢ni a spravni
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Information Frictions and Monetary Policy

FILIP MATEJKA
CERGE-EI

Abstract

Real effects of monetary policy depend crucially on the nature of nominal rigidities. These
rigidities are typically modelled as sticky prices with explicit assumptions on either fre-
qguency of price adjustments (Calvo-style models) or on the cost of adjustment (menu cost
models). However, recent empirical work cast doubts on these workhorses of standard
New Keynesian models. This paper discusses another approach to nominal frictions, which
is based on the assumption that agents face difficulties processing information. If, for
instance, price-setters learn about an interest rate cut with a delay, then their price also
responds sluggishly. This rigidity implies positive temporary effects on output and unem-
ployment. We conclude that models based on information frictions can account for several
empirical facts other model have difficulties reconciling with, such as sluggish responses
of both real and nominal variables, frequent but staggered price changes or a steeper
Phillips curve and higher profit losses with more volatile environments. Moreover, rational
inattention provides important implications for policy.

Keywords
nominal rigidity, information frictions, monetary economics

JEL Codes
D21, D83, E31, E52

Introduction

Models that are used to assess the optimal monetary policy are typically built around
certain assumptions about the nature of nominal rigidities. Different assumptions gener-
ate different results and thus also potentially drastically different prescriptions for opti-
mal policies. This paper argues that there are several good reasons to built such models
around information frictions in the form of agents’ inattention. We also discuss the basic
policy implications of such models.

The most common nominal friction are driven by explicit assumptions of price stickiness
using Calvo-style adjustments or some form of menu cost. Bils and Klenow (2002), how-
ever, cast doubts on these assumptions by finding that individual prices do not stay fixed
for long periods of time. When the models are calibrated to fit the observed frequency of
price changes, then the implied real effects of nominal shocks are very small. Bils and Kle-
now (2002) thus motivated macroeconomists to focus on prices at the micro level, too.

1 Ajoint workplace of the Center for Economic Research and Graduate Education, Charles University, and
the Economics Institute of the Academy of Sciences of the Czech Republic.
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An alternative line of the modeling of nominal rigidities is based on the assumption that
agents cannot attend to all the available information about new shocks. This idea was pro-
posed by Christopher Sims, formulated in a framework called “rational inattention”(Sims,
1998, 2003). Simply put: if price-setters do not pay attention to new shocks, they can not
respond to them and their prices thus stay rigid.

Mackowiak and Wiederholt (2007) showed that rational inattention can generate real ef-
fects of monetary policy. While nominal aggregates, e.g. the price level, respond to mon-
etary shocks with a delay, individual prices change all the time, which is, however, counter-
factual. This problem was resolved in Matéjka and Sims (2010) and Matéjka (2010a). These
papers expand the approach of Mackowiak and Wiederholt by not only modeling of how
much information price-setters process, but also what they process information about.

Rationally inattentive agents in these models actively seek those pieces of information
that carry the most value. It turns that the implied price dynamics of such price-setters
corresponds very well with the data: prices stay rigid for a while, but not for too long, and
aggregates respond with a delay to aggregate shocks, which generates real effects of
monetary policy.

Rational inattention describes the humans'limited ability to process information. Most of
policy-related information is accessible with very little cost. We could, in principle, find out
what the current federal funds rate is at every single moment, we could find out the last
reported unemployment rate or the GDP growth. These pieces of informational are easily
attainable at most major business magazines or on the internet. Few of us, however, do
so very frequently.

Intuitively, the less the information is important for one’s business the less likely it is that
the individual bothers to devote time to acquire it. For example, most bankers know the
current level of the funds rate at least approximately, lower number of academics know
about it, and some local businessmen would not even know whether the rate moved in
the last two years at all.

Although the papers above show that rational inattention can account for realistic dynam-
ics of prices, it has been criticized on the grounds that the required amount of information
price-setters process is too low. This criticism was addressed in Matéjka (2010b), where
the author shows that inattentiveness on the consumers’ side suffices to generate rigidity
of prices. The intuition for this result goes as follows: consumers who dislike processing
information prefer stable prices. If prices are not stable, then the consumers have to pay
extra cost finding out what the current prices are. Price-setters consider effects of their
dynamic pricing strategies and choose to keep their prices relatively stable, in order to
attract more consumers and induce higher sales.

This paper expands on Matéjka (2010a) and Matéjka (2010b). It does so by studying dy-
namic effects of aggregate shocks and by exploring implications of inattention in various
environments. We find that, for instance, that nominal rigidity is weaker in more competi-
tive industries or under more volatile aggregate conditions. This is particularly important
at times of crises, such as in 2008 and 2009, when the resulting responses to monetary
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shocks can be quite different from those during normal times. When we account for en-
dogenous choice of attention level, prices are more flexible during times of high volatility,
since agents choose to process more information. This implies that monetary policy has
little real effects.

These findings have numerous implications for policy, which we briefly discuss in the final
section.

1 Nominal Rigidity

Rational inattention allows for endogenizing what pieces of information to process. Deci-
sions of rationally inattentive agents are not a priori biased by a specific form of any mecha-
nism by which they process information. All pieces of information are freely available and
agents can select which of them to process. It sounds intuitive that agents want to be more
aware of variables that are important to them, such as income to a household or input cost
to a producer. Or for instance, a price-setter in a highly competitive industry could devote
more attention to prices of his competitors than if the competition were low.

Agents not only differentiate between variables (e.g. attention to inflation or GDP, etc.), they
can also pay different amounts of attention to different levels of the same variable and also
different amounts of attention to the same variable under different conditions. If an agent
uses a credit card, he may not pay full attention to the level of his debt and may consume
some typical amount. However, once his debt approaches the credit limit, he needs to be
more aware of exactly how much more he can charge on the card. Furthermore, economic
actors do not need to pay much attention to slowly moving variables such as to most of
the aggregate indices. The more predictable variables are, the less information needs to be
processed about them. In case volatility of these variables increases, agents might check on
their current values more often, to keep being informed reasonably precisely.

This section focuses on nominal rigidity. It first presents two examples of static prob-
lems studying effects of competition on what sources trigger swifter responses, on the
informational content of prices and on the rate of responses. Next, we present a dynamic
model studying trade-offs between attention devoted to stable aggregate variable, such
as a price level, and volatile input cost, such as commodity price. We also discuss implica-
tions of varied levels of the respective volatilities, which provides us with intuition about
monetary policy effects on different industries. The section is concluded with a dynamic
model of an inattentive consumer.

1.1 Allocation across Variables: When Sellers Respond to Cost Shocks and
When to Changes of Competitor’s Prices

Let us study a model of a seller allocating his attention between unit input cost of his
product and competitor’s price. The seller faces a consumer, who has nominal endow-
ment e = 1, she desires to consume two different products, whose prices are p1 and p2,
to maximize the CES utility aggregate
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1 2
subject to a budget constraint: c,p, + ¢, p, < e.8=1/(1 —r) is the elasticity of substitution,
0 € (1, ). The consumer is assumed to have unlimited abilities to process information
about the two prices, her demand for the product 1 is:

U=

1
ci(p1,p2) = (2)
p2 p1/p2+ (p1/p2)®
Figure 1: Distribution of price
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A seller of the product 1 maximizes the expectation of his profit,
N(p1, p2, W) = ci(p1,p2)(P1 - W. (3)

He first processes information about the competitor’s price, p,, and his unit input cost, p.
Finally, he selects his own price, p,. For the purposes of this example, we study a partial
equilibrium only, taking distributions of p, and u as given. Let p be uniformly distributed
in (1, 1.1) and p, uniformly in (2, 2.2). We need to solve (11) — (15) in Appendix. A source
variable is a vector (p,, u), while the response variable is the seller’s price, p,.

010
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Figure 1 summarizes responsiveness of the seller’s price to unit input cost and to com-
petitor’s price, both in less and more competitive markets. When 6 = 3, i.e. goods are
relatively poor substitutes, price p, varies relatively more with changes in input cost than
with shocks to competitor’s price. A distribution of prices for flexible input cost and a fixed
competitors price (upper left graph) is more spread out than when input cost is fixed and
competitor’s price is varied (upper right).

On the other hand, when 6 =20, i.e. goods are much better substitutes - the market is more
competitive, price p1 responds more or less to changes in the competitors price only.

When 0 = 3, the seller possesses tighter knowledge about y, while if 6 = 20, then almost
all information capacity is spent on tracking p2.

1.2 Choice of Information Amount:
Competitive Industries Generate Flexible Prices

In the first example, we addressed the question of attention distribution, while the total
amount of information was kept fixed. However, we could assume that agents also choose
how much information to process. Let RIk stand for the original model of a rationally in-
attentive seller with a fixed information and RI\ denote a model with fixed unit cost of
information. In RIA, sellers find the processing somewhat unpleasant and process more
information only as long as its cost is lower than the marginal benefits from it. Agents
maximize expectation of profit,

A(w pk) =p - w- A, @)
where A is the cost of processing 1 bit of information about |, and k is the amount of
information the price-setter chooses to process.

It turns out that sellers in highly competitive industries decide to process more informa-
tion about input cost, because their profits are more sensitive to suboptimal pricing. We
compare sellers of the same size that face demands with different elasticities. Elasticity of
demand is a measure of the degree of competition in an industry. Magnitude of demand
(size of the firm) determines shadow price of information and thus influences choices
of how much information to process. Larger sellers decide to process more information.
Normalizing the magnitude thus allows for unbiased comparisons of information choices
across markets.

The seller maximizes

-0
5 — p (p- w- Ak
M(u, p, N p-u (5)
(M P K) popt(MO)

Figure 2 shows computational results of the dependence of a selected k on demand elas-
ticity, 6, for unit input cost uniformly distributed in (0.8, 1.2) and A = 0.5 - 10-3 . Optimal
information capacity is an increasing function of 6.

To justify this result analytically, we can apply the approach developed in Matéjka (2010a).
The corresponding approximate loss factor at y, is
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2u,°
It is a decreasing function of 6. The higher elasticity of demand, e.g. degree of competi-
tion, the bigger the loss from imperfect information about the input cost. Given the same
levels of input cost and the same firms' sizes, agents process more information in more
competitive industries. Moreover, since the price is tracked more closely, more informa-
tion leads to more flexible prices.

Mutual information between two random variables is a measure of how much about one
variable can be inferred from learning about the other. Even for an outside observer, the
seller’s higher information capacity implies that prices carry more information about the
input cost.

Figure 2: Comparisons across industries
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This finding relates to Hayek’s famous defense of free markets, Hayek (1945), specifically
on the grounds of markets'ability to convey information. Rational inattention implies that
the more competitive a market is the more information can be extracted by observing its
prices.

1.3 Dynamics and Aggregate Trade-Offs

In this section, we will use a model introduced in Matéjka (2010a). It shows that unlike
sticky-price models, rational inattention can generate frequent price changes together
with delayed aggregate responses. The model’s results agree very well with the empirical

findings in Eichenbaum, Jaimovich, and Rebelo (2008).

In the following model, there are two stochastic variables to which the seller responds.
Let the unit input cost be composed of two parts: an i.i.d. real unit input cost denoted by
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p and the second one be a serially correlated nominal variable A. p is supposed to be an
idiosyncratic volatile part of the input cost specific to the seller, while A plays the role of
a slowly moving aggregate variable, e.g. a price level. The profit function takes the fol-
lowing form.

NAwp) =p~°(p- Aw). )
A is a price index shifting the distribution of the nominal input cost Au. The aggregate
variable takes two different values only and that it is Markov. Let the Markov process be
symmetric with a probability of transition to the other state equal to t. A is binary, its
distribution is determined by the probability of either one of the two states. Let the state
variable be x =P rob(A ), where A stands for the lower value of A. The model’s equations
are formulated in Appendix.

For computations, lused k=1, 8 = 3, puniformly distributed over (0.8, 1.2), A =1,A = 1.1,
t=10.002 and = 0.9992. One period is supposed to be one week. t = 0.002 implies that
the probability of changing a state (a 10% shock to the aggregate variable) at least once
during a year is about 10%. The annual discount factor is 0.96.

Figure 3 shows the results of simulations over 120 periods. There is a shock to A in the
period denoted as 1, when A switches from A to A . The top series in the figure presents
one realization of a price series and the second one shows a time-series of knowledge
about A in the same simulation.

The price setter processes information about Ap and responds to it, trying to target the
optimal price 6/(6 — 1)Ap. Although Ap is distributed over a continuous range in every pe-
riod, prices again exhibit lots of rigidity of the values as well as in the i.i.d. case. Given prior
knowledge about A, together with its true value, the distribution of prices as responses
to realizations of p is discrete. However, when knowledge about A changes, the distribu-
tion of prices changes too. For the used values of parameters (K, t, A, etc), knowledge
adjustment is rather abrupt. The second series in Figure 3 shows a knowledge adjustment
that is quite typical for all realizations of single simulations with these parameters. What
varies from one simulation to another is the period in which the seller finds out that A has
probably switched to a new value. The sudden change of knowledge is, however, not
inherent to all solutions under rational inattention. The next subsection discusses this
pointin a little more detail.

The bottom two series in Figure 3 are prices and knowledge averaged over 10 000 runs.The
average knowledge about A shifts slowly, while the average price does actually change
abruptly in period 1. The variable of interest to the seller is in fact Ay, not values of A and
M separately. Due to different dynamical properties of A and p, and a non-uniform prior
on Ay, the agent does not process information exactly about Ap only. Although, the seller
does pay special attention to Ay, he also refines knowledge about other regions in the
whole A x u space. In period one, after a positive shock to A, the seller is likely to find out
that the value of A is high and thus the probability that a distribution’s top price is real-
ized increases. Due to the prior knowledge that A is probably at the lower state, the agent
underestimates the true value of Ap. Expected price adjusts abruptly, but still less than
optimally. Since A stays at the higher level, the agent obtains signals on a high Ap several
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periods in a row and slowly learns that it is not due to a streak of high y, but rather due
to ajump in A. The average price further increases towards the new optimal level. Prices
change frequently, but responses to shocks to the aggregate variable are delayed.

The difference between Rik and R, versions of the dynamic model correspond to differ-
ences between their static counterparts. Stochastic properties of the variables of interest
(1 and A) influence the agent’s choice of what pieces of information and potentially how
much information to process. Let us vary these properties and study their implications for
responses to shocks to the aggregate variable A.

1.3.1 Idiosyncratic Volatility

Thus far, p was uniformly distributed in (0.8, 1.2). Table 1 summarizes numerical results for
RIk with k = 1,0 = 3 and t = 0.002 for three different widths of the distribution of p:

Figure 3: Two stochastic variables, sudden learning, t =0.002,k = 1
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Figure 4: Average price response, 3 distributions of y, A = 0.003
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for u fixed at 1, uniformly distributed in (0.9, 1.1) and in (0.8, 1.2). Two characteristics of
responses to a shock to A averaged over 10 000 runs are in columns 2 and 3.“1st per. adj.”
represents a portion of the average long-term adjustment that was realized during the
first period, while “90% adjustment” denotes the number of periods it takes the average
price until 90% of the full adjustment is realized.

Table 1: Implications of idiosyncratic volatility for average responses, k = 1

1st per. adj. | 90% adjustment profit loss
1 100% 1 0%
(0.9,1.1) 83% 2 0.28%
(0.8,1.2) 61% 11 1.09%

The more volatile is the seller’s idiosyncratic part of the input cost the slower he responds
to aggregate shocks. When pis fixed at 1, 1 bit of information is sufficient to track innova-
tions of the binary variable A perfectly. The column “profit loss” presents seller’s losses in
comparison with pricing under perfect information - this quantity was evaluated with
both puand A simulated according to their stochastic properties. As expected for RIk, losses
are higher in more volatile environments.

Results of the similar experiments for RI,, A = 0.003, are shown in Table 2 and in Figure 4.
Unlike RIk, RI, generates faster responses to aggregate shocks when p is more volatile.

Table 2: Implications of idiosyncratic volatility for average responses, A = 0.003

1st per.adj. | 90% adjustment | profit loss

1 8% 25 0.08 0.0086
(0.9,1.1) 22% 17 1.34% 0.014
(0.8,1.2) 60% 12 1.34% 0.86
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The table also presents average k that was selected by the seller during the simulations.
Agents in Rl, choose to process more information when volatility of input cost increases,

Figure 5: Average processed information, p € (0.9, 1.1), A= 0.003, t = 0.02
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which increases the marginal value of information. Since a rationally inattentive agent
processes optimal joint signals about A x y, then more total information also implies
moreinformation about A. However, faster average responses do not always mean more
precise responses - profit loss is the same for p € (0.9, 1.1) and u € (0.8, 1.2). The loss
dropsdramatically when pis fixed at 1. Input cost becomes a binary variable, therefore, the
intuition derived from the linear-quadratic approximation does not apply very well.

In Rl , the amount of processed information is not constant. It varies according to the ex-
pected value of information given a prior. Figure 5 presents average information amount
as a function of time. Immediately after the shock occurs, a large fraction of sellers realize
there might have been a shock and they choose to process more. Later on, average se-
lected capacity decreases. Once the transition period is over, the new equilibrium informa-
tion capacity is actually below the initial level - the new average input cost is higher and
the marginal value of information is thus lower.

1.3.2 Aggregate Volatility
Aggregate volatility can be adjusted by varying the Markov parameter t, the probability

of transition between the two states. Tables 3 and 4, present characteristics of average
responses for k = 1 and A = 0.003 for four different levels of t.

016 ACTA VSFS, 1/2012, vol. 6




Table 3: Implications of aggregate volatility for average responses, k = 1

t | 1st per. adj. | 90% adjustment | profit loss
0.001 56% 18 1.08%
0.002 61% 11 1.09%
0.006 73% 7 1.13%

0.02 80% 4 1.20%

Table 4: Implications of aggregate volatility for average responses, A = 0.003

| 1st per.adj. | 90% adjustment | profit loss

0.001 55% 19 1.34% 0.86
0.002 60% 12 1.34% 0.86
0.006 73% 5 1.35% 0.88
0.02 83% 3 1.35% 0.92

More volatile A generates faster responses to its innovations in both of the models, Rk
and RI,. This is due to a higher marginal value of processing new information about A if
A is more likely to vary and due to the signal extraction of A from Ap. When volatility of
Aincreases, shocks to Ap are more likely to be attributed to A. However, unlike in the Lucas’
signal extraction of the whole Ay, profit losses are higher when the aggregate environ-
ment is more volatile. Less stable Ap is more difficult to be tracked precisely.

The effect of accelerated average adjustment is slightly stronger in Rl,, since higher volatil-
ity provides additional motive for processing more total information.

Volatile aggregate environment generates higher losses and swifter responses and thus
potentially also a steeper Phillips curve.

1.4 Nominal Rigidity Driven by Consumers’ Inattention

In the previous sections, one has to use quite low information capacity, k, or high cost
of information, A, to be able to generate quantitatively realistic rigidities. In many cases,
low information capacity is not unappealing, consider a local businessmen selling home-
made honey, but corporations such as Microsoft, IBM or GM also set prices rigidly, while
probably having very good information about economic aggregates. In these cases, it is
perhaps less likely that nominal rigidities would be driven by information constraints of
the price-setters. This section shows that consumers’ inattention suffices to generate the
rigidity.

Consumers often do not realize what a product’s exact price is at the moment of a pur-
chase decision. This is inspired by the observation that some consumers just grab certain
products in a supermarket without even looking at their prices. Many of us at least read
price’s first few digits, while ignoring the cents. Typically, we implicitly assume that prices
end with .95 or .99. If the number of cents is actually 85, we may not spot it and still keep
our initial guess. Sometimes, we read just the first digit only or none at all.
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If it is unpleasant, i.e. costly, to inspect prices and if uncertainty about the true price can
discourage consumption, then sellers could try to accommodate consumers with more
predictable prices. It might be optimal for the seller not to respond to every minor change
of input cost. Such frequent price changes would require consumers to pay lots of atten-
tion to the price, and if they did not want to, then they could rather decide to consume
less.

Rationally inattentive agents learn about new innovations slowly. If there is a shock to an
aggregate variable and if the seller’s input cost is correlated with this variable, then the
seller chooses to respond to such a shock gradually - he chooses to price in line with the
consumer’s expectations.

Imagine a consumer has some partial knowledge about shocks to energy prices. She also
knows that energy prices are the main determinant of the input cost for her favorite local
sauna club. The consumer’s expectations about the admission prices to the sauna vary
with what she knows about the current prices of energy. The sauna owner might postpone
new price changes until consumers expect them to occur.

1.4.1 Model
The model has these features:

i)  The input cost is drawn from a binary distribution in the period 0.

ii) The consumer’s knowledge of the seller’s cost evolves independently of the sell-
er’s actions. Knowledge is gradually refined.

iii) The seller’s price is a function of the unit input cost and the time elapsed from the
initial shock.

Let the seller’s unit input cost be equal to an aggregate variable A. The seller is small and
has a negligible influence on the consumer’s knowledge about shocks to A - the knowl-
edge evolves independently from the seller’s pricing responses to A. A is drawn from
asymmetric binary distribution {A , A, } in the period 0 and stays constant forever after.
Consumers know that one of the two possible shocks is realized, but need to process in-
formation to find out which one it is. Such a setting with a one-time shock is both simpler
to solve and yet illustrative enough to document the implications of gradual knowledge
adjustment.

In fully-fledged models under rational inattention, we would specify consumers’ prefer-
ences and allow them to choose what pieces of information to process. | will, however,
assume one specific form of information structure. The qualitative properties of the results
do not rest on this assumption.

Let us assume that the consumer’s knowledge in period t has the same form as if the
consumer acquired one signal through a binary channel with a noise level X (t). X (t)
is decreasing in t, which models knowledge refinement? With increasing time, there is

2 No sequence of signals across periods is considered, just one signal, which gets tighter in latter periods.
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a higher probability that agents receive the correct signal. Posterior knowledge is thus
more concentrated.

IfA= A, , then the probability that an agent receives the correct signal, (A = A)), is

1 = X (t). The posterior knowledge of an agent having received such a signal is {P(A ) = X
(1), P(A,)) =1-X(1)}. The posterior knowledge of agents who received the corrupted signal,
(A=A),is{P(A)=1-X(1),P(A)=X ()}

The seller chooses his pricing strategy. Unlike in the earlier sections of this paper, the
strategy is not a function of the input cost only. The consumer’s knowledge evolves even
after period 0, when the input cost is kept fixed. Different consumer’s knowledge can im-
ply a different optimal pricing response to the same input cost. The pricing strategy takes
the form p = p7(A, {g(A)}) = p(A, t), where {g(A)} is the distribution of knowledge® in the
population of consumers. {g(A)} is determined by X (t), which is pinned down by time t.
The strategy can be expressed using two functions, p”, (t) and p”,, (t), each corresponding
to one level of unit input cost:

5L(t) if A= Ar,
pr(t) if A=Ay

Consumers are rational, they know the form of p”, (1) and p",, (t). Together with their knowl-
edge about the aggregate shock (A determines which one of p” (t) and p (t) is to be applied),
the pricing strategy generates the consumer’s prior on price. More specifically, the pricing
strategy forms the prior’s support, while knowledge about A determines the relative prob-
abilities of its two points. The term prior reflects knowledge “before” a consumer processes
information about the seller’s price, but it is "after” she has processed information about the
aggregate shock. Since the consumer’s knowledge about A is independent of the seller’s ac-
tions, optimal prices at different levels of X (t) can be set independently of each other.

p= (8)

Definition 1. Model: X (t) is given for all t € {0.c0}; it is @ non-increasing function. For each
t, the seller chooses p”, (t) and p”, (t), maximizing the expectation of his profit

{P"L@®), P ()} = arg max
" .07 (®)
L H

1 0

, L ®-ap)
(1 =X @®)E[CIt, AL]+ X (DE[Ct, An]
+ 1
, GO -ay)
XOE[Ct, AL+ (1 - X ()E[C]t, Ay ] 0- ©)

3 Itis actually a distribution of distributions.
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The expression for expected profit weights the true realizations of A and A, and also the
consumer’s priors generated by receiving signals on A or A . E[C |t, A ] denotes the con-
sumption expectation when a consumer’s prior is determined by a signal pointing to AL
with a noise level X (t) - the corresponding prior is {g(p~, (1)), g(p", (1)} ={1 =X (t), X (t)}. On
the other hand, a prior determining E[C [t, A Tis{1 =X (1), X (1)}

For each X (t), the numerical representation of the optimal pricing strategy can be found
simply by evaluating the expected profit for all combinations of {p" (1), p", (1)}. Let noise
decrease at the following rate:

X (t) = 0.5-0.05t, 1t €{0..10}. (10)

If the realized value is A = A, then the seller’s price gradually increases until it reaches the
full information price in period 10. Otherwise, it gradually decreases. For simplicity,

Figure 6: Gradual price adjustment, scaled to information amount
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let k = 0. Consumers do not process any additional information about the seller’s price,
they only use their knowledge about the aggregate variable. If k > 0, the same optimal
prices would correspond to higher levels of X.

Figure 6 shows the resulting solution. Consumers possess very little knowledge about A in
early periods. They know the seller’s pricing strategy, but have difficulties distinguishing
between the two different values of prices, p”, (1) and p", (t), that can be realized in the
particular period. If X (t) = 0, consumers always acquire the correct signal, then the seller
sets the perfect information optimal prices, which are represented by the dash-dotted
bounds. If X (t) = 0.5, consumers can not tell at all which of the two prices was realized - in
such a case, the seller chooses to set one price only. Like in the static model, consumers
consume more when they are less uncertain about prices. With the increasing probability
of the correct signal, optimal prices p” (t) and p", (t) are set further and further away from
each other.

020 ACTA VSFS, 1/2012, vol. 6




Figure 6 presents the impulse response of prices to an aggregate cost shock. Although the
price-setter is perfectly attentive, prices adjust slowly. The more information the consumer
processes, the faster the prices adjust. This implies that prices adjust faster if, for instance,
the price makes up for a relatively large portion of the consumer’s budget.

2 Implications and Conclusions

Most importantly, this paper shows that rational inattention can generate several prop-
erties of price dynamics that are observed in data. We find that prices can change quite
frequently and yet generate inertial of nominal aggregates, Section 2.3. In data, Bils and
Klenow (2002); Eichenbaum, Jaimovich, and Rebelo (2008), prices in retail stores stay fixed
on average for less than 4 months. On the other hand, price level fully responds to an ag-
gregate shock only after at least a year. The presented model reconciles with such findings.
We thus conclude that rational inattention could provide the proper microfoundations for
the models of nominal rigidities used in monetary policy.

Moreover, all of the following implications of the presented model agree with the
evidence.

1) Prices are more flexible in volatile and competitive industries, Sections 2.3.1 and 2.3.1.
2) Prices are more flexible in volatile aggregate environments, Section 2.3.2.
3) Prices of small-budget products are less flexible, Section 2.4.

What does all this imply? For monetary policy, the findings have three main implications:

1. The proposed modeling approach based on rational information.

2. Monetary policy can become ineffective in stimulating output during crises. We find
that prices become flexible when the aggregate environment is more volatile. In such
cases, the price-setters choose to pay more attention to new shocks. Paying more
attention then implies that prices adjust faster. If prices are flexible, then real effects
of monetary policy diminish. Unfortunately, this can occur at exactly the times when
the stimulation of output could be highly desirable.

3. Optimal monetary policy should focus on stabilizing the price level. The big question
in monetary economics is how to balance trade-offs between stabilizing price-level
and output. Recently, Paciello and Wiederholt (2011) find that when decision- makers
in firms choose how much attention they devote to aggregate conditions, complete
price stabilization is optimal also in response to shocks that cause inefficient fluctua-
tions under perfect information. This finding goes in the opposite direction to what
standard sticky-price models imply. Under sticky-prices, i.e. when explicit adjustment
costs occur, pure price level stabilization is not optimal in case when mark-up shocks
or taste shocks occur. Rational inattention thus provides additional reassurance that
central banks having the price level stabilization as their primary objective, e.g. the
Czech National Bank, choose the optimal policy objective.

The presented model provides some intuition for implications for fiscal policy too. The
model we studied, and is formulated in Appendix, is a general setup of responses of inat-
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tentive agents to exogenous shocks. Those shocks can be of non-monetary nature too,
while most results would still hold.

In 2008 and 2009, policy-makers around the world considered what actions to take to
stimulate the output and employment as quickly as possible. Rational inattention im-
plies that while the adjustment of the federal funds rate may be ineffective at turbulent
times, fiscal policy can generate desirable results. This is exactly for the reason that at such
time agents pay more attention, which weakens the effects of monetary policy, but can
strengthen effects of fiscal policy.

Lower taxes go sometimes wasted when public does not notice them. During 2008-2009,
public paid much more attention to business news than usually. This period was thus par-
ticularly receptive to the lowering of income taxes, including the social security payments.
At the same time, higher consumption taxes were the prime candidate to fill the govern-
ment budget. When noticed, higher consumption taxes increase inflation expectations,
which only increases current consumption and thus output too.

On the other hand, increased government spending may be far from being the optimal
action. It is true that effect of such spending would be the quickest, but it might be very
weak. When agents know about the negative nature of the aggregate shock, then they
are better aware of the future budget consequences of the current spending and may
not increase their consumption. In other words, Ricardian equivalence becomes stronger
during such volatile times.

The model presented in Section 2.4 and its extended version in Matéjka (2010b) also pro-
vide a novel framework for quantification of costs of too complicated laws and tax codes.
It has become common knowledge that complicated tax codes are detrimental. We, how-
ever, still do not know what the proper trade-off between the code’s theoretical optimality
and the optimal complexity that can be handled by real citizens. The presented model of
the rationally inattentive consumer has the features needed to tackle the problem: the
consumer (citizen) finds it complicated to understand all details of the pricing strategy
(tax code), so the seller (government) chooses to keep the prices more rigid (simpler tax
code) to accommodate the consumer.

Although, this is mainly a theoretical paper, the potential implications seem important
enough to further study and develop the theory of rational inattention.
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Appendix: Formulation of Models under Rational Inattention

Response strategy under rational inattention. Let g(Y) be the agent’s prior knowl-edge
about Y, k be her information capacity and U (y, z) be the indirect utility function. Her
decision strategy f (Y, Z) is a solution to the following maximization problem.

f(Y,Z) = arg max E[U(Y,Z)] = arg max lint U(y, 2)£'(y, 2)dydz, (11)
¢, £I(,)

subject to
\int f'(z, y)dz = g) Yy (12)
f'ly,2) = 0, Vy,z (13)
1(Y;Z) < «x, (14)

I(Y;Z) is mutual information between Y and Z, defined as
1(Y;Z) = HY)-H{YI|z)=
f(y, z) (15)

= \int f(y, z) log dydz
g(f(z)

(12) requires consistency with prior knowledge, agents can not process more information
simply by forgetting what they knew in advance, and (13) states non-negativity of a prob-
ability distribution. (14) is the information constraint.

The recursive formulation of the seller’s dynamic problem, a RIk version, is as follows.

i
V(x) = max zi;(lot)H(A’ 1.p) =BV f(A, p, p)dAdpdp, (16)
subject to
x' = f(ALlp)(1 -+ 1— f(ALlp) ¢
zZ (17)
(A, wp)dp = g(A ) =gi(A)g (W) (18)
gi(AL) =

X
A, P) = «

f (A, W, p) is ajoint distribution summarizing the seller’s choice of signals and responses in
the given period, (17) is law of motion for knowledge, it generates a prior on A in the fol-
lowing period from a posterior in the current period via a Markov process with the transi-
tion probability t. (18) is the constraint on a prior, pand A are assumed to be independent.
g, (Wis fixed, g, (A ) =x,(19), which implies g,(A,) = 1 — x. (20) is the traditional constraint
on mutual information between the source variables p and A, and a response variable p.
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International Reserves and the Financial Crisis:
Monetary Policy Matters

Abstract

The global financial crisis in 2008 and 2009 renewed interest for the role of international
reserves in preventing and mitigating currency crises. The findings usually support the
view that higher (or excess) reserves provided insurance against currency instability, which
is considered as a good measure for evaluation how successful countries were in interna-
tional comparison. Large depreciation of the currency is even explained as a fear of losing
international reserves. But in case of inflation targeting countries (IT), which during the
crisis witnessed sharp depreciations, this may be of a limited value. This paper enlighten
the importance of monetary policy regime in estimating the level of international reserves
and extends the current literature with the discussion on central bank credibility.

Keywords
foreign exchange reserves, inflation targeting, crisis

JEL Codes
F31,F33

Introduction

The currency crises in late 1990’s in several Asian countries gave rise to investigation which
measures are appropriate to minimize costs and prevent future attacks. One important
finding, not only, from the literature is that reserves may serve as a form of protection
against currency crisis and improvement of external vulnerability. The global financial
crisis in 2008 and 2009 gave a chance to critically review this stance, i.e. if countries with
larger reserves coped better with crisis. Several papers suggest so, but the results strongly
depend on how the eventual success is measured.

This paper expands the current literature at least in two ways. First, it brings back a discus-
sion on the role of monetary policy for international reserves determination and presents
the estimated impact on the level. More, it extends the trilemma framework not only with
the international reserves but the central bank credibility. Based on new findings, it revises

1 This work was supported by Czech National Bank Research Project No. A5/11. All errors and omissions are
mine. The views expressed in the paper are the views of author and do not necessarily represent the view of
the affiliated institution.
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the current understanding of the role of reserves in global financial crisis and proposes
alternative solutions to external vulnerability.

The international reserves belong to standard monetary policy instruments, despite their lim-
ited inclusion in monetary policy framework. All instruments are interlinked and any changes
to goals and the overall settings impacts substantially the role of reserves. So if the role of
reserves should be changed, other monetary policy instruments should gain importance.

The global financial crisis showed that countries are well able to create ad hoc instruments
to improve international liquidity (e.g. swap lines) to substitute standard monetary policy
instruments but their use is rather limited in time and between countries. Of course, this
stream may be developed further on international level.

On country level, the possibilities are rather limited. The experience of the inflation target-
ing countries suggests that central bank credibility can become also a monetary policy
instrument. The empirical evidence supports this view, but of course, appropriate model
is necessary. This task is beyond the scope of this paper.

The remainder of the paper is structured as follows. Section 2 summarizes main findings
from the literature. Section 3 presents the main working framework, the data and estima-
tion results.

Section 4 offers an alternative view on external vulnerability with an empirical assessment.
Finally, section 5 concludes the paper.

1 Literature Review

The literature on determination of international reserves has long tradition dating back
1960s and 1970s. The first studies, which are often called buffer stock, comprise work
of Heller (1966) and Olivera (1969). According to these papers the optimal reserve level
should be determined by balance-of-payments disequilibria, propensity to import and
opportunity cost. In this notion, the reserves serve as a buffer stock to fluctuations in ex-
ternal transaction and so positively effected by the variance of these fluctuations.

With the collapse of Bretton Woods system in 1973 the discussion on international reserves
changed substantially. Capital mobility together with floating exchange rate brought
a new trilemma with no explicit solution for reserves, especially for advanced countries.
Free floating regimes do not require by definition reserves, while liberalized financial ac-
count would minimize the need for reserves to absorb a given set of balance-of-payments
shocks. But free capital movements can generate more instability and certainly monetary
authorities are not indifferent to exchange rate movements.

In fact, currency crisis in developing countries like Mexico (1973-1982) and Argentina
(1978-1981) gave a rise to currency crisis literature. So called first generation models?
show that expansive domestic policies together with fixed exchange rate regime lead to

2 Forliterature review see Flood and Marion (1998).
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currency crises. Higher reserve level can postpone the crisis until the reserves are depleted
and the fixed exchange rate regime abandoned. Second generation models stressed a self-
fulfilling aspect of currency crisis (Obstfeld, 1986, 1996; Morris and Shin, 1998). Here the
reserves can be understood as reflecting fundamentals or commitment to defend the
peg (as in Obstfeld, 1996). If the reserves are not high enough (or commitment is weak)
so the speculators may be able to break the peg, the speculative attack seems a rational
response. In this view, the level of the reserves has a self-fulfilling nature.

As a response to currency crisis in late 1990’s, the economic research turned back at-
tention to the role of reserves in crisis prevention and mitigation. Asian countries were
extremely vulnerable to what Calvo (1998) defines as the sudden stop syndrome: a mas-
sive reversal of capital inflows. A large stream of literature appeared suggesting how to
indicate vulnerable countries and what measures are appropriate to minimize current
costs and future attacks.

The first attempt to propose adequate indicators in International monetary fund (IMF,
1998) suggests that the overvaluation of the real exchange rate, M2-to-reserves ratio
and the growth of domestic credit tended to signal a currency crisis quite well. Based on
more profound research, IMF prepared a set of indicators (reserve adequacy, debt-related)
which are currently used in Staff Reports for the Article IV Consultation. So called External
Vulnerability Indicators play an important role in vulnerability assessment relative to more
detailed country-specific analyses and based on them statistical models to predict future
currency crisis are built. Later work of Berg and others (1999) improved the technical
background and had more success in predicting the crises out of sample.

The ratio of short term debt to reserves is a key indicator of early warning systems and the
level of reserves is required at least to cover the short term debt. The ratio proved to be
important in many studies, e.g. Bussiere and Mulder (1999)3. Similarly, Chang and Velasco
(1999) find that the short term debt should be taken into account when trying to measure
potential illiquidity of the country. They are rather critical to the involvement of IMF in
crisis, as it insists on fiscal austerity as a precondition for lending.

On other hand, Mr. Guidotti argued that reserves should cover scheduled external amorti-
zation for one year. Further, according to Mr. Greenspan, country’s external liquidity posi-
tion should be calculated over wide range of possible outcomes, taking into account full
set of external assets and liabilities (,liquidity at risk”). The adequate level should reflect
probability that external liquidity will be sufficient to avoid new borrowing for one year.

The lesson learned from Asian crisis is straightforward. If the economic fundamentals are
weak and the risk of contagion is high, the policy response can contain built-up of reserves
and/or extension of liquidity by an international body or lender of the last resort.

3 This study also implies that a benchmark of one for the ratio of reserves to short-term debt is broadly appro-
priate. To avoid any impact of contagion, reserves should be such that the reserves to short-term debt ratio
is one plus 5 percent for every percentage point of GDP current account deficit, and an additional 1 percent
for every percent the real effective exchange rate has appreciated in the previous 4 years. In this sense, the
reserves can offset weak fundamentals and prevent crisis spreading.
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But are there any alternatives? Garcia and Soto (2004) tested the importance of accumu-
lation of reserves in crisis prevention compared to measures like the quality of political
institutions and the soundness of the financial system. In this view, the reserve accumula-
tion is rather costly approach; the countries should improve their political and financial
systems.

Despite these findings, the policy makers now see the reserve management as a strong
instrument in crisis mitigation and prevention. In fact, the rise in reserve levels became
a global phenomenon and its impact is substantial. Recently, Mendoza (2010) found that
policy makers in developing countries are now more responsive by holding reserves than
in pre-Asian crisis period. The elasticity of the reserves to several indicators (external debt
and liabilities) increased indicating that the level of reserves became one of the true meas-
ures with regard to crisis prevention.

So last ten years were marked by an increase in international reserves worldwide by far
larger than what “crisis prevention” literature would imply. New theories like “mercantilist
motives” (Aizenman and Lee, 2007) or “financial globalization motives” (Obstfeld et al.,
2008) appeared to explain recent developments.

Finally, the global financial crisis in 2008 and 2009 renewed interest in the role of reserves,
i.e.if countries with higher reserves coped better with crisis. Obstfeld et al. (2009) showed
that countries holding more reserves relative to M2 (relative to a measure of predicted
reserves based on financial motives) have tended to appreciate in the crisis. Aizenman
a Sun (2010) studied how emerging markets reacted on liquidity stress and they found
that countries sensitive to trade shocks used their reserves up to no more than one third
of their level, to mitigate currency movements. In case of countries, where financial fac-
tors play important role in determining the level of reserves, the depletion of reserves was
limited. As they conclude, “the adjustment of EMs was constrained more by their fear of
losing IR [international reserves] than by their fear of floating”

If we take a closer look on actual data, it becomes evident that Aizenman and Sun (2010),
in their evaluation of the global financial crisis impact, underestimated the role of mon-
etary policy setting. In fact, as Table 1 in Appendix shows 17 countries were hit by large
currency depreciation (more than 35% between March 2008 and 2009, with limited im-
pact on reserves), out of which 13 were inflation targeting. Inflation targeting countries
do not use FX interventions as a standard instrument, although temporary interventions
may occur to reduce volatility. These findings suggest that monetary policy settings may
drive the actual development of the reserves and so called fear of losing reserves may be
of a limited relevance. Therefore, | will continue the discussion on the role of the reserves
in global financial crisis with regard to monetary policy.

2 International Reserves and the Role of Monetary Policy

This chapter will present the link between monetary policy and international reserves,
including empirical analysis and critical reviews.
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2.1 Trilemma, Quadrilemma and the Role of Monetary Policy Regimes

In order to understand the link between monetary policy and international reserves we
can start with simple Mundell-Flemming model of impossible trinity. This framework (see
fig. 1) shows that in any point of time the country may choose two but not three of policy
goals: monetary independence, exchange rate stability and financial integration. For ex-
ample, to gain exchange rate stability and financial integration euro area countries had to
give up monetary independence.

Figure 1: Mundell-Flemming’s Trilemma framework

Policy choice:
Closed financial markets
Policy goal: Policy goal:
Monetary Exchange rate
independence stability
Policy choice: Policy choice:
Floating exchange Give up monetary
rate independence
Policy goal:
Financial integration

Aizenman, Chinn and Ito (2008) investigated empirically this issue. Their testing showed
that higher flexibility of the exchange rates in recent decades was accompanied by reserve
accumulation, which is in contrary to what the simple Mundell-Flemming model shows.
So they suggested an extension of this classical framework with financial stability issues
and international reserves. Globalization and financial integration worldwide may force
developing countries to improve their financial stability by accumulation of the reserves,
as their exposure to capital flights and deleveraging crises increased. So, the financial inte-
gration was followed by accumulation of the reserves as a self protection against financial
turbulences. In this sense, the new dimension of the triangle includes financial stability,
which proved to be highly topical in recent years.

Therefore the first step in my analysis comprises the evaluation of the relationship be-
tween reserves and different monetary policy settings after 19994 1 will use the hints from
the trilemma, e.g. countries with desire to keep exchange rate stable and financial markets
integrated will improve their position in the triangle using accumulation of the reserves.
The accumulation of the reserves worldwide may than well reflect only changing structure
of the moentary policy settings.

4 Most of the studies use the data from 1990’s.
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2.2 Model and Data

In empirical estimation | followed Obstfeld et al. (2008) with the traditional and financial
stability model estimated on large panel of countries during 1990’s. Here the dependent
variable is the (natural) log of the reserves to GDP ratio.

The panel dataset covers 123 countries during 1999 and 2009 and the summary (as well
as sources) is in Table 1. The basic explanatory variables are population, trade openness
(exports and imports to GDP), GDP per capita (in current prices, USD), all expressed in
log. The inclusion of trade and capital account openness is motivated by findings from
the literature; these indicators are used to capture external vulnerability of the country®.
GDP per capita should measure the relative wealth so richer countries can afford to keep
larger reserves. As an alternative, | included a dummy for advanced countries as they are
defined by IMF.

More, it contains the share of the country on the world net exports as these countries
may prefer to hold larger international reserves to ensure stable oil revenues in domestic

currency and even transfer part of the revenues to reserves.

Table 1: Summary statistics

Variable Observations Mean Std. Dev. Min Max

Reserves on GDP 1353 0.189 0.189 0.001 1.583
Population (mil) 1353 46.329 157.117 0.250 1345.750
GDP per capita 1353 11.606 15916 0.086 117.955
Trade openess 1353 0.933 0.564 0.190 4.381
Capital account openess 1353 0.864 1.577 -1.844 2478
Oil exports 1353 0.673 2.266 0.000 19.030
HIM 1305 0.764 0.109 0.000 0.954
M2 to GDP 1353 0.788 0.818 0.067 6.639
Banking crisis 1353 0.061 0.239 0.000 1.000

Source: author’s calculation from World Development Indicators (Worldbank), IFS IMF (April
2011), Economic Intelligence Unit (for several data missing), Heritage Foundation website and
Laeven and Valencia (2010) database.

Newly | added a set of variables representing the angles of the trilemma triangle. To capture
financial market integration | used a measure of financial openness - Chinn-Ito capital
market openness index which measures a country’s degree of capital account openness,
namely restrictions on cross-border financial transactions reported in the IMF's Annual
Report on Exchange Arrangements and Exchange Restrictions (AREAER)®.

5 As literature shows, one of the most important indicators of external vulnerability is the ratio of short term
debt to GDP. Due to limited data availability it is not included in this study.
6 See http://web.pdx.edu/~ito/Chinn-Ito_website.htm.
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Monetary independence, or how successful countries were in monetary policy conduct,
will be represented by Heritage monetary freedom index’ (HMFI), defined as follows:

HI _M,=100-a,/0,7, + 6,7, , +07, , —PC,
!

where mis inflation, PCis an adjustment for price controls, i stands for country and t time.
Eventually, it is a weighted average of the inflation over last three years adjusted for price
controls. Higher value of the index indicates monetary independence, as it shows that
the financial authority was successful in achieving and maintaining price stability. As an
alternative | included a dummy variable from monetary policy arrangement according to
IMF (data available after 2001). We may expect that countries with no monetary independ-
ence (like currency unions) will have lower reserves. This classification has 5 categories,
but | added one more for countries with monetary union. These are: Inflation targeting
(1), Monetary aggregate targeting (2), Fund-supported or other monetary program (3),
Exchange rate anchor (4), Other® (5), Monetary union (6).

Newly | added variables capturing differences in exchange rate arrangements®. A dummy
variable for exchange rate regime is according two classifications:

«  IMF classification of exchange rate arrangements, de facto after 1997'°, available from
AREAER annually. It has 7 categories from “no separate legal tender” to “independ-
ently floating", as shows Table 2.

«  defacto classification according to Reinhart and Rogoff (2004), which used historical
chronologies and data on market-determined parallel exchange rates. There are two
kinds of classification schemes - one consists of 14 types of arrangements and the
other with aggregated 5 categories (so called coarse grid). It allows form much finer
grid and newly it adds a category of “freely falling” with inflation over 40 %. While the
coarse grid in Table 3, the fine one you can find in the appendix (Table 2).

7 ltis rather a rough measure of independente. Data are possible to download from HI website: http://www.
heritage.org/index/monetary-freedom

8 The country has no explicitly stated nominal anchor, but rather monitors various indicators in conducting
monetary policy.

9 Theimpact of exchange rate regimes on international reserves was estimated also by Choi, Ch. and Baek, S.
(2004): Exchange rate regimes and the international reserves, unpublished, but this study used a different
specification with large potential bias and Reinhart and Rogoff (2004) classification only.

10 Before 1997 IMF used classification based on official Exchange rate arrangement, which was in several cases
quite different from de facto development. Therefore the revision brought a new methodology and the stud-
ies showed that differences between the classification schemes now became much lower than in 1990’s.
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Table 2: Exchange rate system classified by IMF

Exchange arrangement with no separate legal tender
Currency board arrangement

Conventional pegged arrangement

Pegged exchange rate within horizontal bands
Crawling peg

Crawling band

Managed floating with no predetermined path
Independently floating

Source: IMF.

—_
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Table 3: Exchange rate system classified by Reinhart and Rogoff (2004) - coarse grid

No separate legal tender; Pre announced peg or currency board arrangement; Pre announced
horizontal band that is narrower than or equal to +/-2%; De facto peg

—

[\®]

crawling peg and band that is narrower than or equal to +/-2%

Pre announced crawling band that is wider than or equal to +/-2%; De facto crawling band that is
3 [narrower than or equal to +/-5%; Moving band that is narrower than or equal to +/-2%; Managed
4|Freely floating

5|Freely falling

6]|Dual market in which parallel market data is missing.

Source: Reinhart and Rogoff (2004).

Finally, financial stability dimension will be represented by the ratio of M2 to GDP, which
represents a potential domestic capital flight. It can be originated from internal reasons
as banking sector crisis (so called internal vulnerability). More generally, it can represent
liquidity conditions in the country. As literature showed, the level can differ between
countries due to their local conditions, but any shock to liquidity like the global financial
crisis will be reflected in the indicator. As a novelty | tested directly if the realization of the
banking crisis has impact on the level of reserves. The banking crisis dummy used in this
paper come from Laeven and Valencia (2010) database’.

2.3 Trends in Reserve Accumulation after 1999

Before presenting the estimation results, | will describe shortly the overall development
of the variables, as most of the studies cover only 1990’s. The overall trend in increase of
reserves (scaled by GDP) after 2000 continued, mainly in case of emerging countries. It
was accompanied both by increase in trade and capital account openness. The global
financial crisis brought a sharp interruption due to liquidity slump, which is particularly
evident in case of M2 on GDP. The reserves lowered as well because many countries were
hit by depreciation in 2008 or even used reserves to provide foreign liquidity temporarily.
Monetary freedom index grew until 2004, while the global rise of prices (e.g. for commodi-
ties) lowered the indicator in the following years.

11 The data can be downloaded from author’s website: http://www.luclaeven.com/Data.htm

032 ACTA VSFS, 1/2012, vol. 6




Figure 2: Trends in explanatory variables (average over cross-section)
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Source: author’s calculation.

As for the exchange rate systems, we cannot see a trend of growing flexibility as described
in literature for 1990’s. Both classification schemes indicate a return to more fixed arrange-
ment in recent years; for example the share of countries with fixed or pegged regime
(categories 1-3 according to IMF) increased from 37 % in 2000 to 48 % in 2008 (see Figure 1
in appendix). This evidence is supported also by data Reinhart and Rogoff (2004) and also
the share of countries with exchange rate anchor increased (Figure 2 in appendix).

Also looking at monetary policy arrangements, again there is no clear trend towards more
flexibility. The number of countries in monetary union increased, due to enlargement of
the euro area, as well as the number of countries with exchange rate anchor. Inflation
targeting as a monetary arrangement has gained a lot of attention in recent years and the
number of countries in my sample increased from 16 to 26 between 2001 and 2008.

2.4 Estimation Results

Using pooled data | estimated an equation using OLS (ordinary least squares) and with
fixed effects, although scaling reserves by GDP make the time series stationary. More, the
standard errors are clustered by country to allow for heteroscedasticity across countries.
The first estimate gives us more details on cross-country aspects, so it is a preferred choice
also in the literature. Still, the fixed effects (capturing more time dimension) are significant
and not to be omitted. The correlation matrix is in Table 3 of the appendix.

In line with previous findings | estimated first a standard model including all basic macr-
oeconomic variables and the results are shown in Table 4.

As expected, countries more open to external transactions have higher reserves as a buff-
er to fluctuations and this effect is still large. Similarly, oil exporters tend to have larger
reserves. On the other hand, GDP per capita has negative sign, while previous studies
found positive or insignificant coefficient. This may be due to inverted-U relationship with
reserve holdings. Middle income countries tend to have larger reserve than high- and
low-income, and as a number of countries with high income grows, the overall effect
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becomes negative. So | included a dummy for advanced countries directly (equation 1)
and its impact is substantial.

Table 4: Estimation results - baseline

1 11 111
Traditional model With advanced country With interaction term
Fixed Fixed Fixed
Pooled OLS  effects Pooled OLS effects Pooled OLS effects
Population -0.067 0.475
0.049 0.441
GDP per capita -0.195%** 0.074
0.052 0.084
Trade openess 0.579** 0.614%**  0.575%%%  0.702*¥**  0.604***  (.73]***
0.224 0.151 0.204 0.145 0.198 0.144
Capital account openess -0.071 -0.075 -0.019 0.004
0.045 0.055 0.044 0.051
Net oil export 0.083*** 0.19%** 0.041** 0.194%*%  (.048%** 0.19%**
0.020 0.056 0.016 0.062 0.017 0.063
Advanced country -1.154%*% - _1.696%**  -0.858%F*F -] 457**
dummy 0.240 0.565 0.242 0.601
Interaction term -0.049** -0.048*
0.024 0.026
Constant S1.555%FEF 3184k ] 725FEKE _].696%** -] .688%FF  -].62]%**
0.128 0.922 0.088 0.130 0.085 0.136
R-sq (overall/within) 0.218 0.076 0.315 0.144 0.329 0.159
Obs 1353 1353 1353 1353 1353 1353

Note: author’s calculations. Robust standard errors in italics, ***, **, * denote statistical signifi-
cance at 1%, 5% a 10% levels, respectively.

This variable was intended to proxy the creditworthiness and ability to issue debt (and
access swap lines in case of liquidity crisis). Country’s long-term credit rating is another
indicator and plotting it against reserves brings forward that again countries with middle
rating feel more vulnerable and accumulate reserves.

Figure 3: Long-term rating (Fitch) and reserves on GDP in 2003
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Note: author’s calculations.
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This is closely related to a topic of capital account openness (see equation Ill). Its sign
is negative and insignificant, so | tried an interaction term between GDP per capita and
KAOPEN. In fact, a small country with fully open capital account may feel much vulner-
able to external shocks than a big country. Opening capital account was a very dynamic
process in 1990's, while after 2000 it slowed down and/or the indicator is less suitable for
this analysis.

Table 5: Estimation results — exchange rate arrangements

1 11 111
IMF classification Intermediate regimes Reinhart anfi Rogoff
coarse classification
Fixed Fixed Fixed
Pooled OLS  effects Pooled OLS effects Pooled OLS effects
Trade openess 0.504*** 0.874*** 0.509%** 0.878*** 0.696*** 0.826%**
0.163 0.156 0.162 0.155 0.187 0.154
CO interaction term -0.048* -0.066*** -0.046* -0.063%%% -0, 127***  .(0.096***
0.024 0.020 0.023 0.020 0.025 0.028
Net oil export 0.028* 0.2]12%** 0.027* 0.213%** 0.061*** 0.183%**
0.015 0.062 0.015 0.060 0.018 0.060
Regime 1 -1.39%** -1.405%%  -1.401%**%  -1.485%* 0.059 -0.242
0.301 0.554 0.298 0.587 0.395 0.248
Regime 2 0.475%* 0.327* 0.471** 0.322 0.331 0.008
0.219 0.196 0.216 0.198 0.358 0.180
Regime 3 0.493%** 0.043 0.495%** 0.065 0.511 -0.114
0.157 0.136 0.157 0.128 0.378 0.171
Regime 4 0.402%* 0.275
0.163 0.218
Regime 5 0.192 -0.143 -0.938%** -0.485%**
0214 0.180 0.2% 0.054 0.370 0.196
Regime 6 0.071 0.022 0.113 0.068 0.492 -0.029
0.235 0.121 0.500 0.256
Regime 7 0.183 0.052
0.123 0.070
Constant -1.999%%%  _[.824%** D 002%**  _].820%** 1 967*** ] T55%**
0.116 0.121 0.116 0.121 0.349 0.184
R-sq (overall/within) 0.472 0.191 0.470 0.185 0.352 0.150
Obs 1230 1230 1230 1230 1137 1137

Note: Author’s calculations. Robust standard errors in italics, ***, **, * denote statistical sig-
nificance at 1%, 5% a 10% levels, respectively.

The next step will be the results for equation with exchange rate arrangements (Table 5).
As a benchmark | chose freely floating regimes, as two classifications differ in categories
(but broadly they are from fix to float). Of course, the results for OLS estimations yield
more information as dummy variables are usually time variant to a limited extend. It can
be summarized, that compared to freely floating regimes, countries in monetary union
or no separate legal tender hold less reserves. Most reserves are held by de facto pegs. In
appendix (Table 4), there are also results for fine grid and they support the results for IMF
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de facto classification'. This inverted-U relationship may indicate that growing number of
countries with pegged regimes gave rise to enormous accumulation of the reserves while
regional monetary union can be a way to reach more exchange rate stability. The reason,
why managed floating regimes hold the same amount of reserves as free floaters, can be
that the latter may claim not to intervene on the markets but they eventually do. Finally,
freely falling regimes have lower reserves, as their economies are transition or developing
with large fiscal deficits, external indebtedness and political instability.

With regar