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Abstract

A price-setting mechanism based on a markup over variable costs is
studied for the quite different inflationary experiences of Argentina and
Colombia. The paper pursues a twofold strategy: first, it tests the null
hypothesis of a constant markup against the alternative of a variable one;
second, it checks the sensitivity of the price setting mechanism to strong
shifts in the macroeconomic environment. The model explains price setting
during periods of moderate and high inflation in both countries. However,
it is less powerful for the period of price stability in Argentina. Finally,
markups seem to be constant for all types of inflationary experiences except
hyperinflation. This stands in contrast to a body of literature that has found
a negative relationship between markups and inflation for OECD countries.
The estimations shed light on other interesting issues: productivity has
become a crucial determinant of prices for Argentinian manufacturing firms
during the period of stability and opening of the economy; in contrast, the
results suggest a weak impact of the opening on Colombian firms.

I am grateful to Rodolfo Maino and Daniel Merino of the Central Bank of Argentina for
providing recent data for this country; also to participants in seminars at Banco de la Repiblica
and Fedesarrollo for helpful comments; and to Marcela Eslava for her diligent and professional
research assistance. The opinions expressed do not reflect those of the Banco de la Republica.



1. Introduction

The purpose of this paper is to test a model of price setting in the manufacturing -
industry in Argentina and Colombia. It is supposed that firms enjoy some degree
of market power, which allows them to set a markup over variable costs. This
assumption has been confirmed for these countries by Chica (1983) and Frenkel
(1983). The testing of this model allows a discussion of two issues of interest:
first, the variability of the markup under different inflationary regimes. Markup
variability and its relationship with inflation has been studied for industrialized
economies, and has received growing empirical and theoretical attention (Hall,
1986 and 1988; Bénabou, 1992; Bénabou and Gertner, 1993 Blanchard and Muet,
1993; Kaskarelis, 1993; Tommasi, 1994)'. This literature has focused on low
inflation economies and on a particular method for testing markup variability.
Here the relationship is t&sted for two countries which have exhibited a variety
of inflationary experiences over the last two decades. Argentina experienced high
inflation (up to 300% per year) until 1989, after which it entered a period of
hyperinflation, lasting until 1991. Since the Convertibility Plan of 1991 Argentina

has undergone a thorough adjustment widely regarded as highly successful in

1A related, though separate topic, has received growing attention and deals with the coun-
tercyclical behavior of markups.



virtually eliminating inflation. This paper updates and broadens an econometric
exercise performed by Echeverry and Villanueva (1990); at the time, Argentina
was still in the midst of hyperinflation. Data for the full period of hyperinflation
as well as a long span of price stability has since become available, and is used in
the current work.

Colombia, on the other hand, presents an interesting contrast since it has
exhibited a moderately high and stable rate of inflation (between 20% and 30%)
during the last 25 years. Hence, one of the questions asked in this paper is whether
a price setting behavior that proved to have explanatory power for the high and
variable inflation in Argentina, would fit the moderate and stable inflationary
pattern of Colombia.

Second, the contrast between the two countries is not restricted to different
inflationary experiences; both Argentina and Colombia undertook an opening of
their economies at the beginning of the nineties. It is to be expected that price set-
ting behavior would change once the economy reduces tariffs and competes within
an unrestricted environment with foreign products. Indeed, facing low tariffs and
no quantitative restrictions, domestic producers cannot transmit variations in
costs to final prices as is possible in a highly protected setting. Furthermore,

1t has been claimed that the opening triggered a microeconomic transformation



of the manufacturing industry in Argentina, promoting the improvement of soft
and hard technologies in an important share of firms(Kosacoff, 1996: Bisang et
al. 1996); in contrast, there is informal evidence that the depth of reforms was
lower in Colombia. Thus, the tests performed shed light on a second hypothesis
regarding wether the opening process in these two countries was truly effective in
confronting domestic production with foreign competition.

Two approaches have been frequently used for computing markups: those
which assume a constant markup, such as Hall (1986, 1988); and those that
estimate short run markup fluctuations from the time series of an input-output
equation. There are some theoretical justification for both types of empirical
exercises (see Naish, 1990 and Bérnabou, 1992).

Naish (1990) justifies a fairly constant markup in the short run that can be
affected by major macroeconomic shocks, such as a change in the monetary regime,
or, as is argued here, by a reform of the competitive environment, emerging from
the opening of the economy. In this paper a twofold strategy is used to test
the behavior of markups: first, the null hypothesis of a constant markup 1s tested
against the alternative of a variable one; and second, the stability of such behavior
with respect to strong shifts in the macroeconomic environment is checked.

The results indicate that the model helps in explaining price setting during



moderate as well as high inflations in both countries. It is less powerful, however,
in characterizing the period of price stability in Argentina. The estimates show
that markups were constant for all types of inflationary experiences except hvper-
inflation. This stands in contrast to the body of literature that has found a nega-
tive relationship between markups and inflation for OECD countries. The results
also shed light in another direction: price setting has changed with the opening
of the economy and the stabilization program in Argentina, making changes in
productivity a crucial determinant of manufactures prices. Finally, the opening of
the economy seems to have had little impact on price setting in Colombian firms,
reflecting the limited depth of the structural reforms in this country.

The paper is organized as follows: the next section presents the methodology
and results of Echeverry and Villanueva. Section three discusses the results for
Argentina when the complete time series for hyperinflation is used, which at the
time of the cited paper was only half complete. It also includes the estimates for
the period of June 1992-June 1995, characterized by a negligible rate of inflation
and an open economy. Section four focuses on Colombia during the 1980-1996 pe-
riod, and explores whether there was a structural change in price setting practices

after the opening of the economy in 1990. The fifth section concludes.



2. Method and Results of Echeverry and Villanueva

The main assumption regarding the price setting behavior of manufacturing firms
was that they enjoyed of some degree of monopoly power in the local market
and were dependent on imported inputs. Thus, it was assumed that prices were
determined in the domestic market, with firms setting them as an ex-ante markup
over expected prime costs. The markup was assumed to depend upon long run
factors, so that it was constant in the short run. This methodology foliowed a
successful exercise by Frenkel (1983) for the Argentine industry prior to 1982.
The paper updated Frenkel ‘s exercise, and tested how hyperinflation affected the
price setting mechanism.

The method for testing markup variability used differs from that of Hall (1986,
1988), Bénabou (1992), Blanchard and Muet (1993) and Kaskarelis (1993). These
authors obtain the markup in a fashion similar to Solow s famous residual; when
the assumption of perfect competition is lifted, changes in output can be at-
tributed to changes in inputs multiplied by the markup. The markup can then be
estimated through regression methods. One possible criticism of that methodol-
ogy, which is particularly relevant to the countries analyzed here, is the availability

of reliable measures of inputs. Indeed, at least for Colombia, there are no good



measures of hours worked, intermediate inputs or capital. For this reason, and
for coherence with the original works of Frenkel, and Echeverry and Villanueva,
the estimation of markup variability was performed using price data.

The working hypothesis was that during hyperinflation the ex-post markup
should be volatile due to the inaccuracy of the entrepreneurs” costs predictions
based on the history of the variables. These prediction errors were caused by a
lack of reliable information about the future evolution of costs, and by the high
rate of change of relative prices. It seemed plausible that under hyperinflation the
history of the variables should no longer be relevant for prediction.

The second hypothesis was that in a highly uncertain environment, like hyper-
inflation, entrepreneurs should use the evolution of the parallel market exchange
rate (PMER) as the best proxy for predicting the rate of change in their costs.
The reason is that the PMER was the best macroeconomic variable that embod-
led relevant information about the evolution of prices, available on a daily basis
and at a low cost.

The authors tested a short run markup model with adaptive expectations of

costs, developed by Frenkel (1983). The empirical equation is (see the appendix



for a more detailed explanation of the model):

Pe =0 pi-1+ aw(l — B) cu + an(l — ) Cmt + au(1~ B) (1)

here the ex-post markup, u, results from actual costs, C, and final price, P, =
(1 + u)Cy; hence, in equation (1) p, is the first difference in (the log of) prices:
a,is the rate of change of the price/total variable costs ratio (1 + p, the markup);
ay 1s the share of labor costs; c,; is the rate of change of labor costs {wages,
adjusted by productivity); a,, is the share of the c;)st of (imported) inputs; ¢y is
the increase in prices of (imported) inputs; and 3 represents the degree of inertia.

The conditions which guarantee the validity of the model are:

@y >0, am >0, ay +am =1, a, = 0 for a constant markup, and a, # 0 for
variable markup.

The period of estimation was 1982-1989, which was divided into two subpe-
riods aimed at identifying the effects of hyperinflation on price setting decisions
in this industry. Hyperinflation started in August 1988, and, at the time of the
estimations, only data until November 1989 were available (15 months). Given
the small number of observations for the hyperinflationary period, the strategy

adopted was to compare the results of two regressions: one before hyperinflation



Figure 2.1: Argentinian Annual Inflation Rate 1981 - 1996
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(1988:2-1988:8, see fig. 2.1), and another for the entire period, including hyper-
inﬁation (1988:2-1989:11). The differences in the value and significance of the
coefficients were attributed to hyperinflation.

The model of constant markup (i.e. where the null, a, = 0, could not be

rejected) proved to be valid for the period 1982:1-1988:8, which was characterized



by highly fluctuating inflation, up to 300% yearly (see fig. 1 and table 1, col. 5)2.
In contrast, when hyperinflation was included in the sample the results supported
a variable markup, since the constant term became significantly different from zero
(table 1, col. 6). The interpretation given to this finding was that uncertainty in
forecasting the future evolution of costs led the firms to systematic errors in their
predictions, and hence to variable ex-post markups. The theory developed by
Bénabou (1988) and Bénabou and Gertner (1993) provides another explanation,
according to which higher inflation may trigger search and reduce market power.

Such an explanation depends on the cost of acquiring information.

?Two dummy variables were included in order to account for the biggest two policy shocks
of this period: dl for January 1984, the moment of change to a democratic government; and
d2 for July 1985 for the implementation of the Plan Austral. The dummies were one for these
months and zero for the rest of the sample.
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Table 1.  Price setting equation for Argentina®

New Estimates Echeverry-Villanueva
(1) (2) (3) (4) (5) (6)
82:3-88:8 88:9-91:3* 82:3-91:3* 92:7-95:6 82:1-88:8 &82:1-89:11
inflation  variable hyper var.-hyper stable variable var.-hyper
constant 0.001 -0.04 -0.02 0.001 0.002 -0.35
(0.17) (-2.13) (-3.09) (0.9) {0.29) {(-2.8)
Pe-1) 0.33 0.07 0.09 0.2 0.37 0.114
(5.17) (1.28) (3.05) (1.08) (6.19) (2.7)
Cu(t) 0.24 0.64 0.55 -0.01 0.16 0.37
(4.7) (6.8) (11.4) {(-0.07) (4.5) (5.2)
Cm(t) 0.46 0.49 0.52 0.13 0.47 0.71
(10.5) (7.3) - (14.4) (1.95) (10.8) (13.9)
dls -0.14 -0.12 -0.16 -0.17
(4.6) -1.76 (-5.1) (-1.9)
d2(, -0.16 -0.03 -0.19 -0.56
(-4.3) (-0.48) (-4.95) (-0.61)
R? 0.91 0.95 0.95 0.16 0.902 0.905
E 137.4 2.1 134.8 165.01
DH 2.05 2,11 2.07 2.02 0.358 1.402
p(t value) (-208) (_26)
Gy + G 1.04 1.21 1.17 0.15 1.01 1.24

3 An asterisk means that the regression was corrected for autocorrelation (HILU methodj,
therefore the F-statistic is not reported. t-statistic in parenthesis below the coefficients.
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Echeverry and Villanueva pursued a related investigation, since the finding of
markup variability was assumed to be associated with the costs of acquiring infor-
mation. However, the question posed was of a different type, namely, that facing
an uncertain environment, entrepreneurs chose to peg their prices to the evolution
of the variable which embodied relevant information in the economy at a daily
basis and low cost: the PMER. Granger causality tests supported this prediction.
Indeed, prices were found not to Granger-cause the PMER in either the period
before the hyperinflation, or in the whole period including the hyperinflation, at
significance level of 1%. In contrast, Granger causality was found from the PMER
to the prices, but only for the period including hyperinflation.

The main implications drawn from such results were: i. a hyperinflationary
process breaks down the information system underlying the price setting deci-
sions of the industry. In such an environment it is easy to make costly mistakes
when predicting the relevant variables for the firms; ii. this leads to a shift in
the Information structure used by the entrepreneurs to construct their expecta-
tions, favoring variables which embody most of the relevant information, readily

availlable and at a low cost; and iii. the PMER played such role.
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3. Estimates for the Hyperinflation and Stable Prices Peri-

ods (1988:9 - 1995:6)

Two types of evidence can be used now that were not available at the time of
the cited paper: first, estimation for the whole period of hyperinfiation can be
undertaken independently. Second, the model can be tested for the period of
price stability, 1992-1995. The results of these new tests appear in table 1. The
estimates for hyperinflation (August 1989 to February 1991) appear in column
2. The major difference with Echeverry and Villanueva (col. 6)* is that the
coefficient of the lagged dependent variable is not significant: the other results are
quite similax: the markup is variable {i.e. the constant is significantly different
from zero), the cost coeflicients are positive and significant, the R? is higher than
0.9, and the sum of the share of wages and imported inputs (a,+an) is close to the
one obtained previously, and slightly higher than one. The warning regarding the
interpretation of the a,, and a,, estimates made in the previous work is still valid:
expectations during hyperinflation were formed using other type of information,

not included in the information set considered by the model; this tends to increase

41t should be noted that results of the new estimations for the period 1982-1988 differ from
those of Echeverry and Villanueva due to the fact that a number of series used in that paper
were not available for recent years.



the value of these coefficients. Altogether, these results validate the approach of
Echeverry-Villanueva (1991) and confirm the conclusions drawn for hyperinflation.
The results for the period of stable inflation are less satisfactory (1992:7-
1995:6)° since the model performs poorly, indicating a whole new environment
and suggesting a new price setting mechanism. Column 4 of table 1 shows that
the R? drops to 0.16 and the sum of input shares is only 0.15. The coeflicients
are not significant and the sign of wage increases is negative. The only promising
indication that emerges from the estimation is that imported inputs seem still to
be part of the explanation of prices (the significance of the t-statistic is 6%).
Since the major problem is in wage costs, a similar regression was run separat-
ing the two components of this variable, increases in nominal wages and produc-
tivity, aiming to identify if either of them was responsible for the change in the
model. The results appear in Table 2 in what is called the "labor cost participa-
tion equation”. Notice that this regression cannot be interpreted in the same way
as those in table 1. Here (a, + a,,) does not have the same meaning as before,

and the intercept cannot be interpreted as the markup. Nevertheless, the purpose

SIn the period of stability the regressions were run starting in 1992:7, because the period
between 1991:4 and 1992: 6 appears to be characterized by an adjustment process. For instance,
including this period in the price stability span, the markup appears to be variable. A plausible
explanation can be that agents were still adjusting to the new environment and the economic
policy was gaining credibility. The special character of this period is confirmed by the account
of the post-stabilization period given by Bisang et al (1996, p.196)

14



is to shed light on the origin of the break in the model documented in table 1.
Column 1 of table 2 shows that the results are almost identical to those of col-
umn. 1 of table 1; the only difference is that here the labor cost component is split
between changes in wages and in productivity. The coefficient and significance of
the Aw(t) variable is the same as the one for ¢, (t) for the same period, which
indicates that changes in wages and not in productivity were crucial for deter-
mining prices for the period of high and variable inflation. A similar conclusion
carries to the period of hyperinflation (col. 2).

The main difference emerges in estimating the model for the period of price
stability. Column 4 of table 2 shows that the lagged dependent variable is not
significant, indicating the absence of inertial factors, which were important before
hyperinflation; ¢, (t) is significant and has the right sign, confirming that this still
is 2 determinant of prices, although the coefficient is half of that obtained before
hyperinflation. The most important piece of evidence is the non-significance of
nominal wage increases, and the significance of the shifts in productivity. As
expected an improvement in productivity negatively affects prices. Finally, The
R? more than doubles that of column. 4 in table 1 indicating that separating out
productivity increases the explanatory power of the regression.

Summing up, the model presented apparently provides a flawed explanation for

15



price setting during the period of price stability. However, a transformed version
partly indicates the source of the problem: under the new environment changes in
wages cannot be transmitted to prices; whereas productivity shifts, non-significant
before hyperinflation, become a crucial determinant during price stability. This
observation is coherent with the fact that the Argentine economy was opened
to international competition during the nineties. Hence, the story can be that
firms which previously enjoyed protection from outside competition, and which
therefore could ask for prices higher than those prevailing in the international
economy, faced a new environment in which they could no longer transmit wage

Increases into prices, and had to depend on productivity gains for competitiveness.

16



Table 2. Labor cost participation equation for Argentina®

(1) (2) (3) (4)
82:3 - 88:8 88:9 - 91:3* 82:3 - 91:3*  92:7 - 95:6
inflation variable hyper variable- hyper stable
Constant 0.05 -0.44 -0.14 011
(0.55) (-1.04) (-1.06) (3.35)
P(t-1) 0.32 0.06 0.09 0.03
(5.1) (1.25) (3.03) (0.17)
Crm(t) 0.45 0.50 0.52 0.21
(10.3) (7.4) (14.5) (3.3)
Awyy, 0.24 0.64 0.55 0.06
(4.6) (6.8) (11.5) (0.31)
A productivityg, -4.8 7 38.78 11.26 -10.13
(-0.57) .092 (0.86) (-3.3)
dl -0.14 -(0.12
(4.6) -1.74
A2 -0.17 -0.02
(-4.3) (-0.32)
R? 0.91 0.95 0.95 0.38
F 1134 4.8
DwW 2.05 2,14 2.08 2.19
p(t value) (-2.27) (-2.7)

8 An asterisk means that the regression was corrected for autocorrelation (HILU method),
therefore the F-statistic is not reported. Columus 1 to 5 have the t-statistic in parenthesis below
the coefficients.
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4. Price Setting in Colombia ‘s Manufacturing Industry

The model estimated for Argentina was used for Colombia taking into considera-
tion that a similar industrial organization holds for manufacturing in Colombia, at
least until the beginning of the nineties; namely, some degree of market power and
a protectionist environment. The sample (1980:1-1996:8) was split in September
1989, the start of the opening process’. In terms of inflation, the two periods
do not differ greatly, since the pattern of fluctuations within a 20% - 30% band
characterizes both of them, and is still in place (see fig. 4.1).

Table 3 shows the model s estimates. The first indication of trouble is given
by the R* and (ay + am) term; in particular the sum of the shares of inputs
is much lower than one, indicating that some inputs are left out. Another fact
that emerges is that the coefficients of ¢,, and ¢, seem to be independently and

jointly significant for the period after 1989:9, whereas the opposite occurs for

1980:1-198%:8.

7 A consensus favoring the opening of the economy had been gained during the term period of
president Barco (1986-1990). During 1989 policy-makers implemented a faster pace of nominal
devaluation, aimed at temporarily compensating for tariff reductions. The goal was to prevent
a drastic impact on domestic production and exports. This policy was continued during the
Gaviria presidency (1990-94). The exchange rate regime in place between 1967 and 1991 was a
crawling peg, after which a target zone was implemented for the nominal exchange rate.

18
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Table 3. Price setting equation for Colombia

Imported inputs (cim(;))

(1) (2) (3)
80:1 - 96:8 80:1 - 89:8 89:9 - 96:8
Constant 0.01 0.01 0.01
(4.4) (3.3) {3.05)
D(-1) 0.23 0.21 0.21
{(3.4) (2.2) (2.1
Crmis) 0.34 0.16 0.51
(4.6) (1.18) (4.7
Cw(t) 0.01 0.01 0.02
(2.03) (0.79) (2.3)
R? 0.17 0.05 0.34
F 13.57 2.03 13.08
DW 1.94 1.94 1.67
Aoy + Ay 0.45 0.22 0.67
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The model was reestimated replacing imported with total inputs, in order to
improve the fit; the component of intermediate goods of the Producer Price Index
{(PPT) was used as proxy of total inputs. The results of these estimations appear in
table 4, and show that the R? of all regressions rise, and the (a,,+a,,) term is close
to one indicating the appropriateness of this choice and the good behavior of the
model. In contrast to table 3, here the markup is constant for all regressions. The
main change lies in the significance of labor costs, which do not help explaining
prices before 1989:8, but do following the opening of the economy. In sum, the
model fits the data for the period of opening of the economy, but it does so less
successtully for the previous period. It is interesting that the mark up is constant

in both periods.
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Table 4. Price setting equation for Colombia

Total inputs (CT(t))

(1) (2) (3)
80:1 - 96:8 80:1 - 89:8 89:9 - 96:8
Constant 0.002 0.001 0.001
(1.43) (0.73) (1.21)
(3.6) (2.5) (2.6)
CT(t) 0.79 0.82 0.76
(15.7) (10.2) (10.3)
(1.7) (0.89) (2.63)
R? 0.597 0.507 0.71
F 95.9 37.8 63.3
DW 1.96 1.93 1.81
Ay + Am 0.96 0.99 (.94

A final exercise was performed using the labor cost equation already utilized
for Argentina, aimed at identifying if either the wages or productivity compo-
nents of labor costs were separately significant. According to table 5 the result
1s completely different to that of Argentina; in Colombia neither wages nor pro-
ductivity are significant when taken separately. Colombia s manufacturing prices

seem not to have been affected by a shift in productivity after the opening of
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the economy. Since this is considered to be one of the major impacts of opening
domestic production to foreign competition, its lack of significance is interpreted
as an indication that the opening strategy was timid, with little effect on labor
productivity in the manufacturing industry.

"This statements needs to be qualified. Price setting did change after the trade
opening, and the shift was related to the labor component. However, it was the
relationship between the evolution of wages vis-a-vis that of productivity, rather
than productivity itself, what started to affect prices. Both components have the

right sign, but neither of them enters significantly in the regression.
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Table 5.

Labor cost participation equation for Colombia

(1) (2) (3)
80:1 - 96:8 80:1 - 89:8 89:9 - 96:8

Constant 0.002 0.002 0.002
(1.38) (0.82) (1.14)

Pa-1) 0.19 0.21 0.18
(3.8) (2.8) (2.4)

Cm(t) 0.79 0.8 0.76
(15.58) (9.79) (12.2)

Awg, -0.003 -0.02 0.02
(-0.31) (-1.09) (0.72)

A productivity, -0.02 -0.02 -0.02
(-1.81) (-1.2) (-1.47)

R? 0.6 0.51 0.71
F 72.4 28.9 46.97
DW 2.01 1.98 1.83

5. Conclusions

The results obtained indicate that except under the extreme conditions of hy-
perinflation, markups were constant. This was the case even for Argentina under
high and variable inflation rates. For Colombia, under moderately high and stable
inflation they also appear to be constant. If ex-post markups are variable because

firms make mistakes when predicting variable costs, such an effect is only clear un-
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der the extreme inflationary conditions . Otherwise, price and costs expectations
are less vulnerable to inflation than is normally thought.

This result stands in contrast to a body of literature that has identified variable
markups for countries with low rates of inflation. Indeed, Bénabou (1992) Blan-
chard and Muet (1993) and Kaskarelis (1993) have obtained that upward changes
in inflation, in low inflation countries, may lead to a reduction in markups, and
therefore to an increase in welfare. However, given the findings reported here it
1s hard to maintain that for Argentina hyperinflation was welfare improving be-
cause it led to markup reductions. And for Colombia, markups seem not to have
changed at all.

In the determination of prices, changes in wages and not in productivity were
crucial in Argentina for the period of high and variable inflation. The model
présented apparently provides a flawed explanation for price setting during the
period of price stability after the convertibility reform of 1991. However, a trans-
formed version indicates a plausible source of the problem: in an environment of
competition with foreign products and price stability, wage costs cannot be trans-
ferred to prices, whereas productivity shifts, non-significant before hyperinflation,
become a crucial determinant. Hence, the story may be that firms, which previ-

ously enjoyed protection from outside competition, and which therefore could ask
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for prices higher than those prevailing in the international economy, faced a new
environment after 1992, in which they could no longer transmit wage increases
to prices. They were forced to depend on productivity gains for competitiveness.
A new microeconomic behavior appears to be in place after the opening of the
economy 1n the nineties.

For Colombia total inputs replaced imported ones in the price setting equation
in order to obtain a good fit of the model. The opening of the economy did not
lead to the behavior identified in Argentina. Productivity gains seem not to be a
separate force behind prices during the nineties. Wages and productivity together
are part of the price setting mechanism; this result leads to the conclusion that
Colombia’s opening of the economy lacked depth, at least in comparison with

Argentina’s.
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A. Appendix 1

Here the model of Frenkel (1983), as used by Echeverry and Villanueva (1990) is
presented. Prices, F;, are modeled as an ex-ante markup, p*, over the expected
cost, Cf:

Pi= (14 4)Cs (A1)
the ex-post markup, u, results from actual costs, Cy:

Pt = (1 +M)C¢

Cost expectations are formed adaptively, and the discrepancy between actual
and expected costs is &;, the error the entrepreneur makes when estimating costs.
Prices are set taking into consideration the main components of firm costs, namely,

labor costs and intermediate (domestic and/or foreign, avoiding time subscripts):

P=(1+y) [W (g) + P, (%{)] (A2)

Where P is the price in the manufacturing sector, z is the markup rate, W
1s the nominal wage, L/Q is the unit labor requirement, M is the quantity of
the imported input and F,, its price expressed in terms of the domestic currency.

Differentiating (A2) with respect to time and dividing it by P the following ex-
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pression is obtained:

}g':p:a»p'}"amliﬁm"‘MA/Q“+aw|:ﬁ\/+L?Q] (A3)

where a hat over a variable represents its rate of change; a, = du/(1 + 1) is the
rate of growth of (1 4 u) and represents the rate of change of the ratio of price to
total variable costs (markup),

G = T /g‘f}/,fg MDY is the share of wages costs in total costs,

Qm = [W(L/%")%i Q(?M’ 7ay » the share of the cost of (imported) inputs.

A
In the short run it is assumed that (M/Q) is constant. Thus, ¢,, = F,,: also
A A
cw =W + L/Q , c,, being the rate of change of wages, adjusted by productivity.

Hence, the price setting equation is:

P = AmCm + GuCy + Oy (Ad4)

Since the evolution of the cost variables is uncertain, prices are set taking into

consideration expected values:
P =0nkcy, +aybe, + a, +¢€ (A5)

where F is the expectations operator, and a disturbance ¢ is included to allow
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for an accidental over- or undershooting in the achievement of the price target.
Expectations of a variable X are formed as a weighted average of its current and

past realizations:

EX =(1-7) i B X, (A6)
i=o

where [ represents the degree of inertia. Through a Koyck Transformation equa-
tion (A6) becomes the empirical equation to be estimated, equation (1) in the

text (including time subscripts):

Pe =0 pi-1+ au(l ~ B) cur + am(l — B) eme +au(1 — 3) + = (A7)
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