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1 Introduction

Since the late 1990’s the estimation of the New Keynesian Phillips curve (NKPC
for short) derived from Calvo (1983) staggered pricing has been prominent in the
macroeconomic literature. Economists have been interested in the accuracy of the
NKPC to resemble real time data and the information on the structural parameters,
especially the Calvo parameter of nominal rigidity. A major drawback in this
analysis is the low frequency. Usually, a NKPC is estimated applying Hansen’s
(1982) Generalized Method of Moments (GMM) to quarterly observations. As has
been shown by Fuhrer et al. (1995, p. 143), however, GMM suffers from a small
sample bias with the consequence that this method demands a critical amount of
observations to achieve reliable estimates. Lindé (2005, p. 1140) argues that it
takes approximately 1,000 observations for GMM to converge to the true values
when estimating a NKPC. In order to obtain that many observations in a quarterly
setup - with only four observations per year - a time span of 250 years is necessary.
However, going back even only 50 or 100 years covers many different periods
with drastically changing economic conditions such as the Great Depression, the
high inflation period after the oil price shocks, the low inflation period commonly
referred to as the Great Moderation, and the current financial and economic crisis,
i.e. the so called Great Recession. Assuming that behavioral deep parameters
remain constant across such different periods which are characterized by many
structural breaks is certainly implausible.

The contribution of this paper is to allow for the estimation of the Calvo pa-
rameter at a much higher frequency and thereby reducing the risk of small sample
bias and structural breaks imminently. To account for such problems, we ap-
ply the standard GMM approach to estimate the NKPC for a higher frequency.
Subsequently, we are able to transform the estimation results for the daily Calvo
parameter into pseudo-lower-frequency equivalences by simply applying the rules
to derive a high-frequency NKPC, which are described in Franke and Sacht (forth-
coming); i.e. we account for the fact that the frequency-dependent parameters of
the model should be suitably adjusted. In particular we use daily inflation data
ranging from the end of 2007 to the beginning of 2011 provided by the Billion
Prices Project at MIT Sloan. Doing so, our data comprises only three years of
observations, but contains 830 data points. Our high-frequency approach gives
us several advantages over the standard quarterly analysis of the NKPC. First, we
are able to focus on specific events such as the financial and economic crisis and
second, we can estimate the respective Calvo parameter more accurately due to a
large amount of observations. This estimate in daily frequency can be transformed
into their low-frequency equivalences and (in future research) be used to calibrate

!For an empirical investigation see Fernandez-Villaverde and Rubio-Ramirez (2007).



business cycle models on a monthly or quarterly frequency.

This study focuses on Argentina for the following reasons. First, Argentina
is the only country for which daily observations of the consumer price index are
freely available. Second, Argentina is an example par excellence for a country
that suffers from structural breaks. Even in a time span as short as the last two
decades D’ Amato et al. (2007, p. 18) identify two substantial structural breaks
in inflation due to shifts in the Argentine monetary regime. The first structural
break was engendered by the external and financial crisis in 1982, which resulted
in hyperinflation and finally in the establishment of the Convertibility Actin 1991.
The second structural break occurred due to the abandonment of the Convertibility
Act in 2002 as a consequence of the sharp depreciation of the Argentine Peso in
the currency crisis of the early 2000’s.> Obviously estimating a quarterly NKPC
under such extreme circumstances leads to misleading results. Finally, so called
scraped price indices (i.e. indices calculated from online prices as done so for
instance by the Billion Prices Project) report more realistic values for Argentine
inflation compared to official statistics. For instance, from October 2007 to March
2011 the scraped price data annual inflation rate was 20.14% compare to 8.38%
reported by the National Statistics Institute (Cavallo (2012, p. 3)). From our point
of view the results from an estimation of a daily NKPC presented in this paper
help to induce more confidence in the Argentine inflation dynamics.

Applying our method to Argentine data we find averagely fixed prices of ap-
proximately two to three months. These values are well in line with micro evi-
dence for Argentina from Cavallo (2011, p. 30). The results have strong impli-
cations for the modeling of monetary and fiscal policy analysis. First, they imply
that for Argentina the Calvo parameter has to take much lower values going along
with an increase in the frequency of price adjustments compared to the standard
calibrations for the United States or the Euro Area. Second and most important, an
average price stickiness of a little less than or equal to one quarter for Argentina
means that at a quarterly frequency a flexible price model has to be applied to
analyze the effects of policy measures. However, under standard assumptions, the
analysis of monetary policy is redundant in this case. In the same vein, to analyze
monetary policy in a sticky price framework, a monthly model like the equivalent
(augmented) variation of the standard 3-equation New Keynesian model (NKM)
in Franke and Sacht (forthcoming) seems more appropriate.

Modeling the impact of different period lengths on the dynamics of the current
workhorse-model used for monetary and fiscal policy evaluation, the NKM with
sticky prices (and wages), has been done by Flaschel et al. (2008), Anagnostopou-
los and Giannitsarou (2010) as well as Franke and Sacht (forthcoming) in the first
place. The latter show that diverging from the standard assumption of the baseline

2See the corresponding Figure in the Appendix and D’ Amato et al. (2007, p. 20).



period length to be one quarter dramatically changes the dynamic properties of
the model. In particular, the authors state that while determinacy of the model re-
mains unaffected, the impulse response functions can differ in a quantitative and
qualitative significant way just by increasing the frequency of decision making
(i.e. assuming a monthly, weekly or daily length of the period).

Moreover, there is an increasing interest in the literature on the high-frequency
behavior of price changes. In a scanner data study for British supermarkets Ellis
(2009, pp. 10-11) shows that the frequency of price changes is considerably higher
in high-frequency studies compared to the traditional monthly or quarterly con-
sumer price index analysis undertaken by statistical agencies. Furthermore, Ellis
(2009, p. 11) shows that lower frequency data tends to overstate the true price
stickiness. Abe and Tonogi (2010, pp. 725-726)) strongly support this conclusion
for the Japanese market. Additionally, Kehoe and Midrigan (2007, p. 9) find very
short average price stickiness spells for suburban Chicago and Cavallo (2011, p.
30) finds this for Argentina, Brazil, Chile, and Colombia.

The remainder of the paper is organized as follows. In the next section we
derive an open economy version of the high-frequency NKPC which we use for
our empirical investigation. In section 3 we first describe the data as well as the
estimation technique and present the empirical results. We discuss the implica-
tions of our results for monetary and fiscal policy analysis in Argentina. Finally,
section 4 concludes.

2 The high-frequency New-Keynesian Phillips Curve

An extensive analysis of the microfoundation of the (quarterly) NKPC under the
standard assumption of the Calvo (1983) price setting scheme in closed and open
economies can be found e.g. in Gali (2008, Chapter 3) and Walsh (2010, pp.
379-381) among others. The standard purely forward-looking NKPC reads as
follows:>

3 Alternatively to the purely forward-looking NKPC, we could also apply a hybrid version of
the NKPC. This can be brought about either by assuming rule-of-thumb price setters a la Gali and
Gertler (1999) or by assuming that non-reset prices are indexed to inflation as in Christiano et al.
(2005). However, given that price changes are - in general - costly, the assumption of indexation to
daily inflation rates is simply implausible. Furthermore, the estimation of a rule-of-thumb based
hybrid NKPC yields the result that the share of backward-looking agents is not statistically dif-
ferent from zero for each estimation considered in this paper. Thus, the hypothesis of a hybrid
NKPC on a daily basis - in our setting - has to be rejected. The insignificance of lagged inflation
might be due to the result of the low autocorrelation of daily inflation, as can be seen from the
Figure (lower panel) in the Appendix. To support this presumption we perform a serial corre-
lation Lagrange multiplier test on inflation (Godfrey (1978) and Breusch (1979)) for lag lengths
between two days and up to one week. In neither case we find any statistical significant lags at
the 5% confidence level. This result implies that daily inflation is not (or only very marginally)
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T = B(ha)Eiy 1 + K(ha) (U + mecy), )
with
(1-6(ha))(1 = 6(ha)B(ha))

0 (ha)

where m; = p; — p;— denotes the domestic inflation rate. Although the structural
representation of the NKPC does not differ from the one known from the literature
we refer to (1) as a high-frequency NKPC since the domestic price level p;, which
is expressed in domestic goods, is not given in quarterly but in daily magnitudes
instead.*

In contrast to the standard literature we consider the underlying period length
denoted by 0 < h; ; < 1 explicitly where i, j € {d=daily,m=monthly, q=quarterly}.
Hence we generally allow the representative firm to make its decisions and carry
out the corresponding transactions over a period length of 4; relative to the bench-
mark interval which is fixed as a quarter (b, = 1). In particular the values of two
structural parameters are dependent on the frequency of decision making: In or-
der to extract the corresponding discount parameter and the degree of price stick-
iness at a frequency lower than a day these frequency-dependent parameters of
the NKPC have to be suitably adjusted. Regarding equation (1) it follows that the
daily discount parameter and the expectations operator are given by 0 < f(h,) < 1
and E; respectively. The symbol 6(h,) stands for the Calvo price stickiness pa-
rameter, i.e. the price of a representative firm remains unchanged with a proba-
bility 6(hy) within a day. The price markup (due to monopolistic competition) is
given by u and mc} = mc; — p; are real marginal costs.

Generalizing Flaschel et al. (2008, p. 2) and Franke and Sacht (forthcoming)
we claim that for a representative firm, within a period of length 4;, the probability
of resetting the price will be Z—;(l — 0(hy)), where the symbol 6(h,) is retained

Kk(ha) =

for the constituent Calvo price stickiness parameter from the quarterly setting.
The converse probability is then just given by
hi

G(h,-)zl—h—q(l—e(hq)). 2)

autocorrelated. Consequently, we restrict ourselves to the purely forward-looking NKPC.

“#Note that there is no change in the price-setting behavior of the representative firm on a higher
frequency, i.e. it is still the aim of the firm to minimize the (discounted) expected deviations of
all its future optimal prices (defined as the real marginal costs times a mark-up) from the future
market prices. Here the future is not denoted as the next quarter but as the next day instead.

>The following procedure can also be found in the modeling of search and matching processes;
see, e.g. Mortensen (1986) and Rogerson et al. (2005). Anagnostopoulos and Giannitsarou (2010)
analyze local stability under consideration of changes in the period length quite similar to Flaschel
et al. (2008).



Hence given the probability of not resetting the price within a quarter, 6(h,),
the corresponding probability in e.g. daily magnitudes is just 6 (h; = h;) where
h; = hg 1s equal to 1/75 since a quarter consists of 75 days on average (excluding
weekends).® In general, by rearranging the previous formula

O(h;) =1—22(1-06(h)) (3)
1
we are able to extract the value of the frequency-dependent parameter from a
lower frequency (6 (h;)) out of a higher frequency (0 (h;)). For instance, given the
value of the Calvo parameter in daily magnitudes 6 (h; = hy) - as a result of our
estimations in section 3 - e.g. we are interested in the value of the Calvo parameter
in monthly 6(h; = h,,) magnitudes instead. Hence for iy = 1/75 and h,, = 1/3
(for the latter note that a quarter consists of 3 months) the transition from monthly
to daily magnitudes under consideration of the value for 0 (h; = hy) is simply given
by applying equation (3). Furthermore we are interested in the question what the
value of the quarterly Calvo parameter is since in a New Keynesian models the
underlying time period is a quarter by assumption. Keeping equation (3) in mind
we are going to address this issue in section 3.

Finally, the discount factor f3 is also frequency-dependent since e.g. a discount
rate given by p(h; = h,) of 1.01 % per quarter means that a certain asset is dis-
counted by h; = h, times 1.01 % from one day to another. Hence

~1
Bl = (1+3p(1)) @
J

However, while domestic prices are given on daily magnitudes by the Bil-
lion Prices Project at MIT Sloan (a detailed description of the data is provided in
section 3) this does not hold for the real marginal costs mc; and the mark-up u.
Therefore, we consider an open economy version of the NKPC and substitute
and mc; by appropriate proxies which can be expressed in daily magnitudes as
well.” Note again that up to this point the structure of the NKPC does not differ
in closed and open economies (e.g. Gali (2008, p. 163) or Clarida et al. (2002, p.
890)). The last term in (1) can be substituted by the expressions for the domestic

(v¢) and foreign (yf ) output gap. Hence,

7y = B(ha) Exrar + (ha) (0 + M)ye — (00 = 07 ), 5)

®Note that obviously the probability for not changing the price is higher at a higher frequency,
i.e. at a period length of a day relative to a quarter. Furthermore, the stickiness remains the same in
the sense that on average a firm is allowed to reset the price every 1/[1 — 6(h;)] periods of length h;
(say a day) which - independently of h; - means every h;/[1—0(h;)] = h;/[1—1+hi(1—0(hy))] =
1/(1—6(hy)) quarters, respectively.

"Note that in addition neither the output gap (as we will discuss below) nor the labor share of
income stand for appropriate proxies since both are also not available in daily magnitudes.
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where 64 = o[l —a+ a(oy+ (1 —a)(ox —1))] ! is a function of the degree
of openness 0 < o < 1 (calibrated to match Argentina’s share of foreign goods
in consumption), the substitutability between domestic and foreign goods from
the viewpoint of the domestic consumer Y, the substitutability between goods
produced in different foreign countries 7, and the inverse intertemporal elasticity
of substitution in consumption of domestic goods ¢ (Gali (2008, p. 163)). The
parameter 1) denotes the substitution elasticity of labor. In order to get an appro-
priate expression for a daily NKPC, we first make use of the (log-linearized) terms
of trade s;, i.e. the terms of trade which is defined by the price of foreign goods
in terms of home goods. Furthermore, we claim that there exists a relationship
between the terms of trade gap and both (domestic and foreign) output gaps
1 . f

Oy (Sf S) =Yt =Y (6)
where § stands for the terms of trade in the steady state (Clarida et al. (2001, pp.
250-251) and Clarida et al. (2002, p. 890)).8 By applying (6) on (5) we are able to
derive an open economy NKPC which depends on the terms of trade and domestic
output gapg:

Cq—O

n,zﬁ<hd>E,m+1+x<hd>( (Sz—s”z)+(n+6)yz), @

Oq
As we can see from (7) the problem concerning the frequency remains since data
on both gap specifications is also not available on a daily basis. Therefore, we
consider the underlying intertemporal optimization problem of the representative
household who seek to maximize its utility function under consideration of the re-
lated budget constraints. We apply optimal control theory on standard expressions
for a money-in-the-utility function, a budget, and a cash-in-advance constraint
known from the literature (see Appendix). The latter is given by

ye =my, 8)

i.e. consumption expenditures are not allowed to exceed the real money holdings
of the household, where the latter is denoted by m;. The optimality condition
regarding money demand depends on the nominal interest rate:

1
my = V_/(G}’z—ﬁ(hd)it)a )

8Under the assumption of complete securities markets, equation (6) implies that relative con-
sumption and hence (in a general equilibrium framework) the output gap relation across countries
is proportional to the terms of trade (see also Lubik and Schorfheide (2007, p. 1072) and Appendix
A of Gali and Monacelli (2005) for a proof). For an empirical discussion see Chari et al. (2002)
among others.

9A related approach to estimate an open-economy NKPC for a quarterly frequency has been
applied by Mihailov et al. (2011a).



where y is the inverse elasticity of money demand. Substituting (8) into (9) and

rearranging leads to
ha) \ .
)’tz(ﬁ( ))lz- (10)
o—-vy
Since data on movements in the terms of trade are also not available on a daily
basis, we consider two types of the high-frequency version of the NKPC. Under
consideration of the (re-arranged) uncovered interest parity

St :Etet+1+i{_it_pt+pfa (11)

where i; (i{ ) denotes the domestic (foreign) nominal interest rate. The correspond-
ing steady state expression is given by:

=&+l —i—pi+pl. (12)
Both lead to the following equation denoted as Type I NKPC:

1 = B(ha)EiT 1+ K (ha) 91 (E:dey 1+ Aif — Air — Ap, +Ap] ) + 6] (13)

with ¢ = G"(";G and ¢p = m%ww(hd). We define a gap by Aaq; = a; — G, with a; =
{es, iy, if , Dt pf } and @, = {&, f,,ff , Pt ﬁf }. Within this specification the driving
forces of domestic inflation are the nominal interest rate, the expected bilateral
nominal exchange rate gap, the domestic nominal and foreign interest rate gaps,
and the domestic and foreign price level gaps. For the latter we follow Monacelli
(2004, p. 201) and set p{ = ﬁf = 0 since in his investigation he assumes “’that only
a negligible small share of domestic goods is consumed in the rest of the world
and therefore foreign inflation is zero.” Note that the NKPC in (13) depends on the
domestic and foreign interest rate gap (and on the terms of trade gap in general)
which defines the relative interest rate gap, i.e. di; = Aif — Ai;. Suppose 0i; > 0.
In this case Aif > Ai; and hence under consideration of the standard Euler equation
which determines domestic and foreign consumption, ¢; and c,f , respectively this
means in a DSGE context that x,f < x; via the real interest channel, where x;
(x{ ) denotes the domestic (foreign) level of output. However, if x; —x{ > 0 the
domestic country is running a trade surplus, i.e. there exists an excess supply
of domestic goods in the international goods market. It follows that domestic
goods must become cheaper for market clearing and this leads to an appreciation
of the terms of trade (As; = s; — §; increases). Since imported goods (used in
the production process of the representative firm) become more expensive the
inflation rate must rise. This interpretation is analogous to the discussion on the
exchange rate channel of monetary policy e.g. by Leitemo and Soderstrom (2005)
and Ireland (2005) among others. Moreover, a direct link between real marginal

8



costs and the terms of trade is shown by Gali and Monacelli (2005, p. 718) since
“changes in the terms of trade has a direct influence on the product wage, for any
given real wage”.

The so called Type II NKPC, which we use for robustness checks, is given by

T = B(ha)Eim 1+ k(hq)[¢1(Ae; — Apy) + o], (14)

where for s; and §; we substitute the definition of the terms of trade s; — ¢; + pf —

pr and the corresponding expression for the steady state §; = & + ﬁ{ — Pr. Once
again, p{ = p~{ = 0 holds. Note that the time series for domestic prices (and,
of course, for the domestic inflation rate), the interest rates and for the bilateral
exchange rate are all available on daily frequencies. Hence both Type I and Type I1
NKPCs can be seen as high-frequency Phillips curves in daily magnitudes. Taking
the formula (3) into account we are able to calculate the values of the monthly and
quarterly Calvo parameters which correspond to the estimated degree of price

stickiness in daily magnitudes.

3 Empirical Analysis

In this section we analyze the empirical implications of the Type I and Type II
high-frequency NKPCs - (13) and (14) - for the adjustment speed of prices on a
daily basis. We define Argentina as the domestic economy. Following D’ Amato
and Garegnani (2009, p. 5) the foreign economy comprises Argentina’s three most
important trading partners Brazil, the Euro Area, and the United States, where
Brazil gets assigned the largest weight in the basket. For robustness, we also
check for bilateral arrangements with both Brazil and the United States being the
foreign economy. The choice for a dominating Brazil can be justified by Brazil’s
relative importance in mutual trade flows arising from the geographical proximity
and the joint membership in the Mercado Comun del Sur, the Southern Common
Market. Being Argentina’s number one trading partner, Brazil accounts for ap-
proximately 22% of exports and roughly one third of all imports. These numbers
strongly outweigh the second most important trading partner the United States,
who account for only 8% of exports and 15% of imports (World Bank (2010,
p- 2)). Nevertheless, to test for robustness, we also report results for the United
States being the foreign country.

3.1 Data

The data set comprises daily observations for Argentina, Brazil and the United
States from 12-03-2007 to 04-02-2011. For proper identification we present the
mnemonic codes in parentheses after each variables.

9



Argentine inflation is defined as annualized daily percentage change in the
consumer price index (CPI). We resort to the CPI instead of the implicit GDP-
deflator since the former is the conceptually appropriate indicator in a number
of open-economy New-Keynesian models such as Gali and Monacelli (2005, p.
711), D’ Amato and Garegnani (2009, p. 4), Mihailov et al. (2011a, p. 319), and
Mihailov et al. (2011b, p. 66).1°

One might argue that supermarket products just represent 40 percent of all
CPI expenditure (i.e. if services are not considered) and therefore it is misleading
to call the corresponding scraped data index considered in this paper a consumer
price index. In several studies, Cavallo contradicts this statement. He states that
food and household products have been the main driver of Argentine inflation dur-
ing the time period considered here (Cavallo (2010, p. 11, fn 19)). Furthermore,
the author mentions that “’this limitation [of not considering the price of services]
can be overcome as a growing number of firms start posting their prices online”
(Cavallo (2011, p. 6)) especially those for services. Finally and most important,
Cavallo argues that official Argentine inflation statistics have become rather unre-
liable due to the intervention of the Argentine government in the National Statis-
tics Institute since the year 2007 (Cavallo (2012, p. 12)). He shows that online
and official estimates share a similar pattern over time, while there is a high cor-
relation between both indices (Cavallo (2012, p. 13, Figure 3 and Table 2 in his
Appendix)). Cavallo concludes that there exist a difference in the level of inflation
between online and official statistics, but not in the dynamic behavior of inflation
rates (Cavallo (2012, p. 18)). To sum up, studies on Argentine inflation dynamics
- like in this paper - must account for these characteristics which do not certainly
hold for the US or Euro Area.

The consumer price index (indicecanastabasica) is provided by www.inflacion-
verdadera.com, which is a subproject from the Billion Prices Project at MIT
Sloan. The underlying price data is collected on a daily basis from large su-
permarkets in the metropolitan area of Buenos Aires.!! All remaining data is
taken from Datastream®. In particular, we apply the Argentine Peso to EURO and

19Holmberg (2006, p. 10) even shows that CPI data results in more realistic estimates for an open
economy NKPC in Sweden compared to the use of the GDP-deflator. In empirical applications
of the closed economy version of the NKPC this approach is common too due to reasons of data
availability. Recent examples are, among others, Ramos-Francia and Torres (2008, p. 276) and
Yazgan and Yilmazkuday (2005, p. 3). Moreover, Nason and Smith (2008, p. 388) apply both
measures to test for robustness and find the differences in performance to be negligible for the
United States.

"n particular, the prices of 150 products are checked online every day. This methodology
is sufficient since 100 percent of all products in Argentine supermarkets can also be found online
(Cavallo (2011, p. 20)). For a thorough discussion of the methodology of the Billion Prices Project
at MIT Sloan, we refer to Cavallo (2011 and 2012), Cavallo and Rigobon (2011), www.infla-
cionverdadera.com, and www.thebillionpricesproject.com.

10



Table 1: Calibration

c X n Y % a  p(hy)
Escudé (2009) 1.902 0.700 1.175 0.990 1.180 0.139 0.013
Escudé (2007) 4.960 1.000 1.194 3.500 1.563 0.112 0.013

US dollar exchange rates (TEARSSP) and (TDARSSP), respectively. Addition-
ally, we derive the Argentine Peso to Brazilian terms of trade from the exchange
rates for the Argentine Peso to the United States Dollar and the Brazilian Real
to the United States Dollar (TDBRLSP). As home and foreign interest rates, we
apply the Argentine 1-day Buenos Aires Interbank Offer Rate (AGIBK1D) and
the United States Effective Federal Funds Rate (FRFEDFD), respectively. In the
Robustness exercise we also apply the Brazilian Sistema Especial de Liquidag¢ao
e de Custddia (Selic) Base Interest Rate (BROVERN).

For our instrument set we choose an alternative consumer price index from the
Billion Prices Project at MIT Sloan, which comprises solely food and beverages
(indicealimentosybebidas).

3.2 Calibration

We calibrate the real interest rate to 5.2% according to World Development Indica-
tors reported by the World Bank (2009), which yields a quarterly discount factor
p(hy) = 0.013.!2 All remaining parameters are calibrated according to Escudé
(2009, pp. 85-86), who estimates a medium scale open economy DSGE model
for Argentina. Thus, we set the inverse intertemporal elasticity of substitution
for domestic goods ¢ = 1.902 and the inverse intertemporal elasticity of labor
n = 0.7. Domestic and foreign goods are assumed to be imperfect substitutes as
well as are the different varieties produced in the foreign country. The elasticity
of substitution between the former is set to be y = 1.175 while the latter is given
by Y= 0.990. The inverse elasticity of money demand is calibrated to y = 1.18.
Finally, the degree of openness is calibrated to match Argentina’s share of foreign
goods in consumption, i.e. &¢ = 0.134. To test for robustness we juxtapose the
results with an earlier calibration from Escudé (2007, pp. 73-74) for Argentina.
The parameter values are summarized in Table 1.

12 According to equation (4) the discount rate in daily magnitudes is equal to f8(hg) = 1/(1 +
Z—Zp(hq)) =0.999 where iy = 1/75 and hy = 1.
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3.3 Estimation Methodology

The empirical analysis rests on the high-frequency NKPC given by the equa-
tions (13) and (14). By substitution of the day-by-day expectations error & =
B (hg)(E;[m 1] — m41) we obtain a regression equation of the form

(1=0(hg))[1 —6(ha)B(ha)]
0(hg)

with&; = {&1, &} = {91 (Eiberss +Aif — Aig = Ap, ) + i, 91 (Aey — Apy) + i}
McCallum (1976, p. 44) shows that under rational expectations the prediction er-
ror of future inflation & is uncorrelated to the information set available to the fore-
caster z;, which comprises information dated at time ¢ or earlier. This assumption
implies that E; [2,] = 0. Applying this condition to equation (15), we obtain

E; [(6(ha)m — 0(ha) B (ha) M1 — (1= 0(ha)) (1 — 6 (ha) B(ha))E)s) 2] = 0,(16)

with z, being a vector of instruments comprising each three lags of the food and
beverage based consumer price inflation 7/°°¢, food and beverages based con-
sumer price index pf 0od the US three-month interbank interest rate i°™, and the
respective exchange rate e. The instruments (i.e. the variables and their respective
lags) are chosen to satisfy two requirements. First, they strongly correlate with
the regressors in the estimation equation and second, the instrument set passes
Hansen’s (1982) J-test for overidentifying restrictions. Furthermore, we restrict
ourselves to instruments dated time ¢ — 1 or earlier. The intuitive reason is straight-
forward, since not all contemporaneous information might be available by the time
agents form their expectations (Gali et al. (2001), p. 1250). Finally, among the
potential instrument sets we choose the one set with the lowest average J-statistic
over all applied estimations.

According to McCallum (1976, p. 44) an orthogonality condition of the kind of
(16) can be consistently estimated with an instrument variable technique. The lat-
ter has become standard in the literature since the prominent contribution of Gali
and Gertler (1999). Therefore, we apply Hansen’s (1982) Generalized Method of
Moments to estimate the structural parameter 6 (/).

T = B(ha)m 1 + Sii+ &, (15)

3.4 Results

In this section we discuss the results from the empirical exercise. We focus on
three different scenarios concerning the definition of the foreign country. In the

BFollowing Gali and Gertler (1999), we define deviations from steady state in terms of de-
meaned time series. The results are robust, however, also to the use of the Hodrick-Prescott filter
with A = 6,812,100 for daily observations.

12



first scenario the foreign country is represented by a multi-country-mix of Brazil,
the United States, and the Euro Area as suggested by D’ Amato and Garegnani
(2009, p. 5). As robustness checks, we also report the results from two bilateral
analysis with the Brazil and the United States instead. The point estimates for the
daily Calvo parameter 6 (h,) for all three cases are summarized in the first column
of Table 2.

Note up front that the estimates for 0 (hy) lie remarkably close to each other
in an interval between [0.9855;0.9867], even though the admissible range for eco-
nomically relevant values of 0(h,) is from zero to unity and there are no restric-
tions imposed on this parameter. Since Calvo staggering follows a Poisson pro-
cess, prices are fixed on average for ¥ = #(hd) days. As can be seen from
column 4 in Table 2, depending on the case considered, prices are fixed between
69 and 75 days. The average duration implied by the high frequency NKPC over
all cases considered lies at approximately 73 days for both the Type I and the
Type II high-frequency NKPC. These results are fully in line with microecono-
metric evidence on high-frequency pricing in Argentina. In a microeconometric
analysis of price changes in Argentina, Cavallo (2011, p. 30) reports that prices in
Argentina remain unchanged for about 66 to 83 days.

To test whether or not these results are reliable, Column 7 of Table 2 present
the results of Hansen’s J-test for overidentifying restrictions. The p-values for the
J-statistic indicate that the validity of the overidentifying restrictions cannot be
rejected for any of the specifications estimated in Table 2. Thus, we consider the
instruments being valid.

Even though the overidentifying restrictions are satisfied, the estimation re-
sults might be biased due to weak identification of the model. In order to test
for weak identification we follow Yazgan and Yilmazkuday (2005) and apply the
nonlinear Anderson-Rubin (AR) statistic.!* As has been shown by Stock et al.
(2002) the nonlinear AR-statistic is fully robust even in the case of poorly iden-
tified parameters or weak instruments. The AR statistics test the null hypothesis
that given our instrument set the estimated parameter values are the true parameter
values. Columns 8 and 9 of Table 2 summarize the p-values for two complemen-
tary AR-statistics, given the null hypothesis stated above. For neither specification
in Table 2 the null hypothesis can be rejected, which implies that the parameter es-
timates in Table 2 are admissible to the data. This result holds true independently
of whether the instruments are weak or strong.

One of the major contributions of this paper is that we can use the daily infor-
mation to derive lower frequency information such as weekly, monthly, or quar-

'4For a general discussion of the nonlinear Anderson-Rubin-statistic we refer to Stock et al.
(2002). For applications of this test statistic to the NKPC we refer to Ma (2002), Khalaf and
Kichian (2004), and Yazgan and Yilmazkuday (2005).
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terly by simply employing the daily point estimate to equation (3). The results for
monthly conversions are given in the second and fifth column of Table 2. For an
example of the conversion look at the first line of Table 2 (Type I, multicountry
case). According to equation (3), a daily probability of not being able to reset
the price 6(hy) = 0.9867 is equivalent to a monthly probability of not being able
to reset the price of 6(h,) = 0.6667, which is equivalent to an average duration
of fixed prices of exactly three months. An analogous transformation can also be
applied to the quarterly frequency. In the case of the example just stated above the
quarterly Calvo parameter yields 6(h,) = 0.0002, which implies that prices are
sticky on average for exactly one quarter.

The estimates from Table 2 reveal that the quarterly Calvo parameter might
not always be determinable, as in the case for the United States being the foreign
country. This is due to the fact that the Calvo parameter in general reflects a prob-
ability and therefore is bounded between zero and unity. Given that prices are
fixed on average for about three months implies that, on a quarterly basis, prices
change only once within every period. This, however, is equivalent to a quar-
terly flex-price model. Therefore, to analyze economic policy in Argentina on a
quarterly frequency, a flex-price model would be necessary to mimic the Argen-
tine economy. Note that in this case the analysis of monetary policy measures is
lapsed since in the standard flex-price model money is neutral with respect to real
variables both, in the short and in the long run.! This does not hold true for fiscal
measures, which can easily be analyzed also in flex-price economy. Therefore, in
order to analyze the effects of policy measures in a staggered pricing framework
instead, the model frequency should be no more than monthly.

This result is in stark contrast to the standard results from Taylor (1999, p.
1020) that price changes occur on average once a year and even compared to Bils
and Klenow (2004, p. 953), who find an average duration of fixed prices for a
little more than one quarter. These prominent results are, however, for industri-
alized countries, or to be more specific, the United States. Klenow and Malin
(2010, p. 10) report on micro evidence of price setting from CPI data sets as well
as scanner data and show that there are more frequently price changes in Latin
America and developing countries in general compared to the United States and
the Euro Area. Furthermore, Cavallo (2011 p. 30) applies the methodology of Bils
and Klenow (2004) to daily CPI data for Argentina, Brazil, Chile, and Colombia
and generates supportive evidence of a relatively high price changing frequency
in these countries compared to industrialized countries. In particular, Cavallo
(2011, p. 30) reports an average duration of fixed prices of 66 to 83 days, an inter-

I5This result only holds for the standard flex-price model. Once we take into account for in-
stance non-separable utility between consumption and money in the utility function, shopping time
models, or cash-in-advance constraints, monetary policy is - although in quantitative terms very
little - effective (Walsh (2010), pp. 126-127).
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val which encompasses the results given in Table 2. Therefore, qualitatively and
quantitatively, our high-frequency macroeconometric NKPC procedure generates
comparative results to the microeconometric methods of Bils and Klenow (2004).
Additionally, Ellis (2009, p. 11) points out that studying the frequency of price
changes at lower frequencies, such as quarterly, tends to overstate the true price
stickiness, an argument which is also supported by Abe and Tonogi (2010, pp.
725-726).

To analyze the robustness of our estimates the upper half of Table 3 presents
the results for an alternative calibration from Escudé (2007). For the Type I spec-
ification, the estimated duration of fixed prices decreases a little, while it remains
hardly unchanged for the Type II specification. Still, all values are well in line with
microeconometric evidence. Thus, quantitatively and qualitatively the results are
robust to the results from the standard calibration. Further testing for robustness
includes the variation of the instrument set. Given the base calibration, the lower
half of Table 3 presents the estimated Calvo parameters conditional on three alter-
native instrument sets. Under the alternative instrument sets the price adjustment
speed increases slightly from an average duration of three months to an average
duration of approximately two and one-half months. However, the point estimates
remain in the close neighborhood of our results in Table 2. The p-values of the
J-statistics and the AR-statistics given in columns 5 and 6 once again indicate that
the overidentifying restrictions are satisfied and that the parameter estimates are
data admissible in each of the cases presented. The robustness analysis supports
the assertion that for Argentina a quarterly model would need to be calibrated as a
flex-price model since in all cases (/) is set to to zero, which is its natural lower
bound.

4 Conclusion

This study aims at mitigating the shortcomings of the estimation of the NKPC aris-
ing from small sample bias and structural breaks. To account for such problems,
we apply the standard GMM approach to estimating an open economy NKPC at
daily frequency and transform the results into pseudo-quarterly equivalences. We
show that this kind of methodology is highly sufficient to estimate the Calvo pa-
rameter of price stickiness from the end of 2007 up to now just under the consider-
ation of daily time series data. Applying our method to Argentine data we find the
daily Calvo parameter over all cases considered to lie within the narrow interval
of [0.9798;0.9867], which implies averagely fixed prices of approximately two to
three months. These values are well in line with micro evidence for Argentina
from Cavallo (2011, p. 30). Our results have some implications for the model-
ing of monetary and fiscal policy analysis. First, they imply that the frequency
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Table 3: Robustness Exercises

Result for an Alternative Calibration from Escudé (2007):

Foreign Country ~ Calvo parameter  Average duration in... p(J-stat.) p(AR-stat. x2)
0(hy) 6(hy) ..days  ..months P(AR-stat. F)

Multicountry

Type 1 0.9824  0.5600 57 2.27 09117 0.3758
(0.0240) 0.3778

Type 2 0.9828  0.5696 58 2.32 0.9112 0.3759
(0.0246) 0.3779

Brazil

Type 1 0.9827  0.5667 58 2.31 0.8657 0.3836
(0.0245) 0.3855

Type 2 0.9828 0.5690 58 2.32 0.8655 0.3832
(0.0245) 0.3850

United States

Type 1 0.9807 0.5167 52 2.07 0.4504 0.3922
(0.0215) 0.3940

Type 2 0.9809 0.5227 52 2.10 0.4510 0.3922
(0.0213) 0.3940

Robustness with Respect to the Instrument Set

Set 1 = Z,1 o

Type 1 0.9798 0.4953 50 1.98 0.9018 0.3379
(0.0435) 0.3401

Type 2 0.9800 0.4989 50 2.00 0.9018 0.3379
(0.0437) 0.3401

Set2 =22

Type 1 0.9855 0.6381 69 2.76 0.6563 0.4530
(0.0186) 0.4545

Type 2 0.9858 0.6380 69 2.76 0.6564 0.4530
(0.0187) 0.4545

Set3=2*

Type 1 0.9841 0.6017 63 2.51 0.9386 0.4413
(0.0156) 0.4428

Type 2 0.9841 0.6020 63 2.51 0.9386 0.4413
(0.0156) 0.4429

Notes: The parameter 6 (/) is estimated from the orthogonality conditions given
by (16). The standard errors are given in brackets. We apply a 12-lag Newey-
West covariance matrix. The parameter 0(h,,) is calculated according to 8 (hy,) =
12 (1-0(hg)).

We resort to report the values for 0(h,) as well as the average duration of price
setting in quarters since they are 0 and less than one respectively. This is due to the

fact that in all cases prices change less than once a quarter.
. The alternative instruments are defined as follows:
d d - ; d d .
(AT AP MM Ae i) € 7} for i = 1,2,3; (w7 [0 M e ) €
2

. . food _food 3MUS 3MAR US EU _BR 3 .
z; for i=1,2,3,4; (&5, p; 20 0770 00 el e et) ey for Q=
1,2.
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of price adjustments has to be calibrated much higher for Argentina compared
to the United States or the Euro Area. Second and most important, an average
price stickiness of nearly one quarter means that at a quarterly frequency a flex-
ible price model has to be applied to analyze the effects of policy measures, a
situation, which - under standard assumptions - renders the analysis of monetary
policy redundant. In the same vein, to analyze monetary and fiscal policy in a
sticky price framework, a monthly model like the equivalent (augmented) varia-
tion of the standard 3-equation NKM in Franke and Sacht (forthcoming) seems
more appropriate. Our results turn out to be robust not only to an alternative cali-
bration of the model, but also to variations in the instrument set.

The question arises if the approach presented in this paper is sufficient to re-
produce equivalent results for industrial countries like the US or the Euro area,
where several studies (Bils and Klenow (2004) and Klenow and Malin (2010)
among others) show higher degrees of price stickiness. However this depends of
course on the availability of the data. Moreover in order to compare the impact of
a high-frequency NKPC to its standard low frequency version in an optimal mon-
etary or a fiscal policy experiment a frequency-adjusted two- or multi-country
model is needed. Due to several structural breaks (especially in the case of Ar-
gentina) the estimation of the value of the quarterly Calvo parameter based on the
past 50 years seems to be inappropriate as we have discussed in this paper.

Finally for a better understanding of the implications of our results for con-
ducting optimal monetary (and fiscal) policy one might consider a model in which
firms adjust their prices fully flexibly to firm-specific (idiosyncratic) shocks but
sluggishly to aggregate shocks. The former captures strategic motives e.g. the
(re)filling of stations where the latter stands for policy or other exogenous shocks
which effect the overall economic conditions. The question arises, whether we
observe price changes on a day-to-day basis due to idiosyncratic or aggregate
shocks? Furthermore which of these shocks appear more frequently? Using a
model where it is assumed that aggregate shocks occur rarely while idiosyncratic
shocks happen frequently, might help to understand the information content of
daily and of quarterly data. Klenow and Malin (2010, p. 29) report that micro
price changes in the Euro Area and the United States do not keep up with overall
inflation. The authors claim that this could be explained most probably by the
dominance of idiosyncratic over aggregate shocks. In this respect the approach
of Svensson and Woodford (2003) could be helpful. The authors discuss optimal
monetary policy in a NKM under the assumption of a symmetric partial infor-
mation distribution between agents. In particular, they account for uncertainty
regarding the level of the potential output and the cost-push shock which are un-
observable and partially observable respectively. Following Svensson and Wood-
ford (2003) by considering a measurement equation that accounts (in our case) for
data with different frequencies could shed light on the importance of idiosyncratic
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or aggregate shocks. We leave these aspects to further research.

References

Abe, N. and Tonogi, A. (2010), Micro and Macro Price Dynamics in Daily Data,
Journal of Monetary Economics, Vol. 57, pp. 716-728.

Anagnostopoulos, A. and Giannitsarou, C. (2010), Modeling Time and Macroeco-
nomic Dynamics, CEPR Discussion Paper no. 8050, Centre for Economic Policy
Research, London.

Bils, M. and Klenow, P.J. (2004), Some Evidence on the Importance of Sticky
Prices, Journal of Political Economy, Vol. 112(5), pp. 947-985.

Breusch, T.S. (1979), Testing for Autocorrelation in Dynamic Linear Models,
Australian Economic Papers, Vol. 17(31), pp. 334-355.

Calvo, G.A. (1983), Staggered Prices in a Utility-Maximizing Framework, Jour-
nal of Monetary Economics, Vol. 12(3), pp. 383-398.

Cavallo, A. (2010), Scraped Data and Sticky Prices: Frequency, Hazards, and
Synchronization, MIT Sloan, Working Paper.

Cavallo, A. (2011), Scraped Data and Sticky Prices, MIT Sloan, Working Paper.

Cavallo, A. (2012), Online and Official Price Indexes: Measuring Argentina’s In-
flation, MIT Sloan, Working Paper.

Cavallo, A. and Rigobon, R. (2011), The Distribution of the Size of Price Changes,
NBER Working Papers No. 16760, National Bureau of Economic Research, Inc.

Chari, V.V., Kehoe, PJ., and McGrattan, E.R. (2002), Can Sticky Price Mod-
els Generate Volatile and Persistent Real Exchange Rates?, Review of Economic
Studies, Vol. 69 (3), pp. 533-563.

Christinao, L.J., Eichenbaum, M., and Evans, C.L. (2005), Nominal Rigidities and

the Dynamic Effects of a Shock to Monetary Policy, Journal of Political Economy,
Vol. 113, pp. 1-45.

19



Clarida, R., Gali, J. and Gertler, M. (2001), Optimal Monetary Policy in Open
versus Closed Economies: An Integrated Approach, The American Economic Re-
view, Vol. 91(2), pp. 248-252.

Clarida, R., Gali, J. and Gertler, M. (2002), A Simple Framework for International
Monetary Policy Analysis, Journal of Monetary Economics, Vol. 49, pp. 879-904.

D’ Amato, L., Garegnani, M.L. and Sotes Paladino, J.M. (2007), Inflation Persis-
tence and Changes in the Monetary Regime: The Argentine Case, Working Paper
2007123, Banco Central de la Republica Argentina.

D’Amato and L., Garegnani, M.L. (2009), Studying the Short-Run Dynamics
of Inflation: Estimating a Hybrid New-Keynesian Phillips Curve for Argentina
(1993.2007), Working Paper 2009140, Banco Central de la Republica Argentina.

Ellis, C. (2009), Do Supermarket Prices Change from Week to Week?, Bank of
England Working Paper No. 378, Bank of England.

Escudé, G.J. (2007), ARGEM: A DSGE Model with Banks and Monetary Pol-
icy Regimes with two Feedback Rules, Calibrated for Argentina, Working Paper
2007121, Banco Central de la Republica Argentina.

Escudé, G.J. (2009), ARGEMmy: An Intermediate DSGE Calibrated/Estimated
for Argentina: Two Policy Rules are Often Better than One, Working Paper 2009142,
Banco Central de la Republica Argentina.

Fernandez-Villaverde, J. and Rubio-Ramirez, J.F. (2007), How Structural Are
Structural Parameters?, NBER Working Papers 13166, National Bureau of Eco-
nomic Research, Inc.

Flaschel, P., Franke, R., and Proafio, C.R. (2008), On Equilibrium Determinacy in
New Keynesian Models with Staggered Wage and Price Setting, The B.E. Journal
of Macroeconomics: Vol. 8: Iss. 1 (Topics), Article 31.

Franke, R. and Sacht, S. (forthcoming), Some Observations in the High-Frequency
Versions of a Standard New-Keynesian Model, Bulletin of Economic Research,
forthcoming.

Fuhrer, J.C., Moore, G.R., and Schuh, S. D. (1995), Estimating the Linear-Quadratic

Inventory Model Maximum Likelihood Versus Generalized Method of Moments,
Journal of Monetary Economics, Vol. 35(1), pp. 115-157.

20



Gali, J. (2008), Monetary Policy, Inflation and the Business Cycle: An Introduc-
tion to the New Keynesian Framework, Princeton University Press.

Gali, J. and Gertler, M. (1999), Inflation Dynamics: A Structural Econometric
Analysis, Journal of Monetary Economics, Vol. 44(2), pp. 195-222.

Gali, J., Gertler, M., and Lopez-Salido, J.D. (2001), European Inflation Dynam-
ics, European Economic Review, Vol. 45(7), pp. 1237-1270.

Gali, J. and Monacelli, T. (2005), Monetary Policy and Exchange Rate Volatility
in a Small Open Economy, Review of Economic Studies, Vol. 72(3), pp. 707-734.

Godfrey, L.G. (1978), Testing Against General Autoregressive and Moving Av-
erage Error Models when the Regressors Include Lagged Dependent Variables,
Econometrica, Vol. 46(6), pp. 1293-1301.

Hansen, L.P. (1982), Large Sample Properties of Generalized Method of Moments
Estimators, Econometrica, Vol. 50, pp. 1029-54.

Holmberg, K. (2006), Derivation and Estimation of a New Keynesian Phillips
Curve in a Small Open Economy, Sveriges Riksbank Working Paper Series 197.

Ireland, P.N. (2005), The Monetary Transmission Mechanism, Working Papers
No. 06-1, Federal Reserve Bank of Boston.

Khalaf L. and Kichian, M. (2004), Estimating New Keynesian Phillips Curves Us-
ing Exact Methods, Bank of Canada Working Papers, No. 04-11, Bank of Canada.

Kehoe, P.J. and Midrigan, V. (2007), Sales and the Real Effects of Monetary Pol-
icy, Working Papers No. 652, Federal Reserve Bank of Minneapolis.

Klenow, P.J. and Malin, B.A. (2010), Microeconomic Evidence on Price-Setting,
NBER Working Papers 15826, National Bureau of Economic Research, Inc.

Leitemo, K. and Séderstrom, U. (2005), Simple Monetary Policy Rules and Ex-
change Rate Uncertainty, Journal of International Money and Finance, Vol. 24(3),

pp. 481-507.

Lindé, J. (2005), Estimating New-Keynesian Phillips curves: A Full Information
Maximum Likelihood Approach, Journal of Monetary Economics, Vol. 52(6), pp.

21



1135-1149.

Lubik, T. and Schorfheide, F. (2007), Do Central Banks Respond to Exchange
Rate Movements? A Structural Investigation, Journal of Monetary Economics,
Vol. 54, pp. 1069-1087.

Ma, A. (2002), GMM Estimation of the New Phillips Curve, Economics Letters,
Vol. 76(3), pp. 411-417.

McCallum, B.T. (1976), Rational Expectations and the Natural Rate Hypothesis:
Some Consistent Estimates, Econometrica, Vol. 44(1), pp. 43-52.

Mihailov, A., Rumler, F., and Scharler, J. (2011a), The Small Open-Economy New
Keynesian Phillips Curve: Empirical Evidence and Implied Inflation Dynamics,
Open Economies Review, Vol. 22(2), pp. 317-337.

Mihailov, A., Rumler, F., and Scharler, J. (2011b), Inflation Dynamics in the New
EU Member States: How Relevant Are External Factors?, Review of International
Economics, Vol. 19(1), pp. 65-76.

Monacelli, T. (2004), Into the Mussa Puzzle: Monetary Policy Regimes and the
Real Exchange Rate in a Small Open Economy, Journal of International Eco-
nomics, Vol. 62, pp. 191-217.

Mortensen, D.T. (1986), Job Search and Labor Market Analysis, Handbook of la-
bor economics, Vol. 2, chapter 15, Elsevier.

Nason, M.N. and Smith, G.W. (2008), The New Keynesian Phillips Curve: Lessons
From Single-Equation Econometric Estimation, Economic Quarterly, Vol. 94(4),
pp- 361-395.

Ramos-Francia, M. and Torres, A. (2008), Inflation Dynamics in Mexico: A Char-
acterization Using the New Phillips curve, The North American Journal of Eco-
nomics and Finance, Vol. 19(3), pp. 274-289.

Rogerson, R., Shimer R., and Wright, R. (2005), Search-Theoretic Models of the
Labor Market: A Survey, Journal of Economic Literature, Vol. 43, pp. 959-988.

Stock, J.H., Wright, J.H., and Yogo, M. (2002), A Survey of Weak Instruments
and Weak Identification in Generalized Method of Moments, Journal of Business

and Economic Statistics, Vol. 20(4), pp. 518-529.

22



Svensson, L.E.O. and Woodford, M. (2003), Indicator Variables for Optimal Pol-
icy, Journal of Monetary Economics, Vol. 50, pp. 691-720.

Taylor, J.B., (1999), Staggered Price and Wage Setting in Macroeconomics, Hand-
book of Macroeconomics, in: J. B. Taylor and M. Woodford (ed.), Handbook of
Macroeconomics, 1st ed., Vol. 1, chapter 15, pp. 1009-1050.

Walsh, C. (2010), Monetary Theory and Policy, 3rd ed., The MIT Press.

World Bank (2009), World Development Indicators.

World Bank (2010), Argentina Trade Brief, World Trade Indicators 2009/10:
Country Trade Briefs, Washington DC, World Bank.

Yazgan, M.E. and Yilmazkuday, H. (2005), Inflation Dynamics of Turkey: A

Structural Estimation, Studies in Nonlinear Dynamics & Econometrics, Vol.9(1),
pp- 1-15.

23



Appendix

Time Series for the Argentine consumer price index (CPI)
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Figure 1: The upper panel depicts the development in the Argentine CPI in guar-
terly magnitudes from 1995Q1 until 2010Q4. The lower panel depicts the Ar-
gentine CPI in daily magnitudes (scraped data index) from 2007Q4 until 2010Q4.
Quarterly data is taken from Datastream®. Daily data is provided by www.infla-
cionverdadera.com.
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Household’s Optimization Problem

Following Woodford (2003, Chapter 6) and Gali (2008, Chapter 4) we consider
a standard intertemporal utility function of a representative household, which is
additive separable in consumption C;, in real money holding M, /P, (where P, is the
price level) and in leisure (labor supply N;, respectively) subject to the underlying
frequency in daily magnitudes:

I e, 1 (M 1o
U =EY B(hy)*|——C! 0+—( ) -——NT an

! tkz‘b ( ) 1—o 'tk 1—y \ Pk 1+n 14k
where ¢ > 0 represents the inverse intertemporal elasticity of substitution between
present and future consumption of domestic goods. 11 > 0 is the inverse of the sub-
stitution elasticity of labor. ¥ > 0 stands for the inverse of the elasticity of money
demand. B(h;) > 0 is the discount factor. E; stands for the expectations operator.

The period-by-period budget constraint is characterized by money and bond
holding of the representative household and is given in real terms by

By  AMiy Wik

Cr=— + Nitk
a Pk Pir | Pyx
B T"
+ (i)~ 40T+ (18)
Pk B

where M, (B;) is the household’s nominal holding of money (one-period bonds).
Bonds pay a nominal interest rate i;. 14 i; represents the gross nominal interest
rate. Real profits received from firms are equal to IIf. 7" are nominal lump-sum
taxes or transfers. Note that AM,;  , = M, — M, holds.

The household seeks to maximize (17) subject to (18) and the following cash-
in advance constraint:

Pk Gk = My (19)

i.e. nominal consumption expenditures are not allowed to exceed the nominal
money holdings of the household. This expression is given in real terms and under
consideration of y; = ¢; in section 2. In can be easily shown that the optimality
condition for the demand of real money holdings (in daily magnitudes) is given
by:

M, 1 .
m=—= E(Gyt — B (ha)iy) (20)
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