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Abstract

This paper sets a partial equilibrium model of the determination of price inflation and that of wages. When there is an
incomplete nominal adjustment of these variables, a long run tradeoff between inflation and unemployment arises. An
ARDL version of the proposed model is estimated for the case of México. The estimation strongly rejects complete
nominal adjustment of price inflation and that of wages to foreign inflation and the rate of growth of the minimum
wage. We found a long run tradeoff between inflation and unemployment and also a similar relation between the rate
of growth of the real wage and unemployment. These tradeoffs survive even in the hypothetical case where the rate of
growth of the nominal wage and foreign inflation are perfectly indexed to both of the endogenous types of inflation
described. The Phillips curve in prices is almost horizontal, a modest increase in inflation reduces unemployment
considerably.

Introduction

For many years, macroeconomics has been dominated by the natural rate of unemployment’s hypothesis (Phelps
(1967), Friedman (1968)). For this view, the long run rate of unemployment is independent of inflation. Though in the
short run it is sometimes possible to reduce unemployment increasing inflation'-the so-called Phillips mechanism
(Phillips (1958))-that tradeoff cannot be exploited in the long run. When central banks persist in trying to do that, the
only think that they get is higher inflation and a rate of unemployment that remains relatively constant.

Together with the natural rate hypothesis, Friedman (1968) proposed the accelerationist hypothesis, which states that
the relevant relation is not between inflation and unemployment, but between the acceleration of inflation and
unemployment. When this last figure rises above the natural rate, the acceleration of inflation becomes negative and the
other way around.

Both, the natural rate hypothesis and the acceleration’s, have generated the concept of NAIRU?, defined as the rate of
unemployment that maintains inflation constant or the acceleration of inflation equal to zero.

Between the middle of the eighties and the end of the nineties, world inflation decreased considerably. After that, it has
remained relatively constant in many places. On the other hand, unemployment has varied much more. This apparent
anomaly was perhaps reported for the first time by Akerlof, Dickens and Perry at the end of the nineties (Akerlof et al
(1996) (2000)). Their analysis did not have many repercussions at that time, nonetheless.’

The 2008-2009 financial crisis in the developed world generated a clear situation where a drastic increase in
unemployment was not followed by a remarkable reduction in the acceleration of inflation, as expected by the NAIRU
hypothesis. Inflation fell everywhere, but soon it took levels similar to those before the crisis, while unemployment
remained high for a much longer time. Then, economists that were clearly advocates of NAIRU took notice and started
to do research in the topic. Gali (2011), Blanchard, Cerutti and Summers (2015), Blanchard (2016) (2018) and Galiand

! Neo-Keynesians and new-Keynesians as Romer (2000) and Taylor (2000) believe that it is possible to generate lower
unemployment increasing inflation in the short run. New-classical economists as Lucas (1972) do not believe that this can be
possible at any moment.
¢ Which is the rate of unemployment that does not accelerate inflation.
¥ Graham and Snower (2002) report similar results to those of Akerlof et al (1996) (2000).
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Gambetti (2018) have now challenged NAIRU, suggesting that perhaps the relevant relation for a prolonged period of
time is, after all, one where inflation depends upon negatively on the rate of unemployment, the one that was proposed
by Phillips in 1958.

One question that emerges from this analysis is why the relation between inflation and unemployment could prevail
instead of the accelerationist hypothesis. The critique by Phelps (1967) and Friedman (1968) was reasonable, since they
asserted that people did not care about nominal magnitudes, but real ones. If that were the case, the mere existence of
any Phillips curve, even the accelerationist one, would be at doubt, as new classical economists have argued (Lucas
(1972)).

To answer this question, the works of people like Akerlof become again relevant (see for example Akerlof and Yellen
(1985) or Akerlof et al (2000)). People behave in a different way in environments of high inflation compared to those
of low inflation. Under high inflation there is almost complete nominal adjustment. Consumer and producer prices
adjust in one to one basis to input prices. Also, when that is an option, input prices adjust in one to one way to expected
consumer and/or producer prices. When these practices take place fast, the resultant rate of unemployment is, as the
classical model predicts, completely independent of inflation. When there are lags in these decisions, the accelerationist
Phillips curve may emerge.

Under high inflation, failing to adjust the nominal variables may be too costly. If nominal wages remain constant under
a 100% price inflation, the purchasing power of the real wage falls 50%. However, this is different under low inflation.
A constant nominal wage under 1% price inflation reduces the real wage by a bit less than 1%, something that may pass
even unnoticed. The practice of complete nominal adjustment under low inflation relaxes considerably. Several
economists have shown that with low inflation and expansionary policies the incomplete nominal adjustment of
different prices often generate small changes in relative prices, but large changes in consumption and output. ‘For a
long time, this was an explanation of why active fiscal and monetary policies had real short run effects.

Different models at the end of the nineties, and in the first decade of the XXI century, assumed short run incomplete
nominal adjustment to explain large movements in the business cycle. However, the same models set equations of
motion where prices became more flexible in time. The results of active policies in these models were a short run
expansion that faded when time passed. The 2008-2009 financial crisis challenged this view, generating the suggestion
that perhaps the price system did not become more flexible in the long run.’

The main purpose of this paper is to analyze whether there is a long run relation between inflation and unemployment
in México of the kind proposed by Phillips in 1958.

To do that, first the paper sets a simple partial equilibrium model of wage-price adjustment where there are two
endogenous variables: wage inflation and price inflation, and three exogenous ones: foreign inflation, the rate of growth
of the minimum wage and the rate of unemployment. We analyze different cases where there is incomplete nominal
adjustment of the endogenous as well as of the exogenous variables, complete nominal adjustment of all kind of
variables or incomplete nominal adjustment of a set of variables and complete adjustment or the other set of variables.

The second part of the paper is an empirical investigation that estimates the two equations proposed in the theoretical
model foﬁr the last fifteen years in México, a period of low inflation: The wage Phillips curve and the equation of
inflation.

In the third part of the paper we evaluate the long run results of the empirical investigation for México and compare
them with the theoretical model.

I.- A simple theoretical model of the price-wage adjustment

We propose two equations: a wage Phillips curve (Phillips (1958), Tobin (1972), Blanchard (1990)) and an equation of
inflation.

*Akerlof and Yellen (1985), Mankiw (1985).

> See for example McCallum and Nelson (1999), King (2000), Romer (2000), Taylor (2000), Woodford (2001), Koenig
(2008), Blanchard (2008).

® Inflation in México has been not too far from 4% in the last years. It is certainly greater than in developed countries, but
much lower of what is was in the eighties, when on average was around 100%, and in the nineties, when the average was
higher than 20%.
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The first equation relates the rate of growth of nominal wages, wage inflation, negatively to the rate of unemployment.
The equation of inflation relates price inflation in a positive way to wage inflation and to the rate of growth of the
prices of foreign inputs in production, foreign inflation.’

It is normally assumed (Tobin (1972), Blanchard (1990)) that there is a certain degree of indexation ofwage inflation to
price inflation. In countries where there is a minimum wage, there is also a partial indexation of average wages to the
increase in minimum wages, the so-called lighthouse effect (see for example Maloney and Méndez (2004), Campos and
Esquivel (2020)). Therefore, the growth of nominal wages will depend positively on the rate of price inflation and the
rate of growth of the minimum wageand negatively on the rate of unemployment.
AW = f(m, AW,,,u) (1)

af af df

i Caaw O <O
Where W is the log of nominal wage, 7 is the rate of inflation W, is the nominal minimum wage and u is the rate of
unemployment.
= f(AW,AP?) (2)

df af
aaw Y dape

On the other hand, inflation © depends upon the rate of growth of both nominal wages (AW) and the rate of growth of
foreign prices (AP®), being P° the log of the product of the nominal exchange rate and the prices in foreign currency of
imported inputs. The introduction of foreign prices is based in the fact that Mexican imports of foreign inputs accounts
for more than 70% of total imports.®

>0

The linear version of the model conformed by equations (1) and (2) is:
AW = .3011 + .32117-[ + .BSaAWm + B4au (3)
T =Yoo +V2a AW + y3aAPe (4)

B2a is the nominal adjustment of wage inflation to price inflation. B3, is the same concept for the rate of growth of the
minimum wage.

Under incomplete nominal adjustment:
Boa <1; B3qg <1 and g + P34 < 1(5)
Perfect nominal adjustment would imply that the last inequality in equation (3) becomes an equality.

The system formed by equations (3) and (4) may be considered as a model of price-wage spiral (see for example
Blanchard (1986) and Flaschel and Krolzig (2002)). Wage inflation depends upon positively on price inflation and the
other way around.

The parameter Pogin equation (3) may represent changes in productivity that are claimed by workers. It also may
represent the power of unions to increase wages independently of other factors.

Finally, the parameter PB4, is the adjustment of wage inflation to unemployment, which is supposed to be negative.
Higher unemployment reduces wage inflation in the Phillips curve mechanism.

In the equation of inflation v,, is the nominal adjustment of inflation to wagesand ys3, the same concept for foreign
inflation. As in the case of the Phillips curve in wages

Y2a < 1; Y3a <1 and Y2a +y3a <1 (6)

" Since the publication of the book The Wage Curve by Blanchflower and Oswald (1994) there has been a considerable
discussion on the literature whether the relevant relation is between the level of wages and the rate of unemployment, as these
authors propose, or between wage inflation and unemployment as Phillips (1958), Tobin (1972) and Blanchard (1990) had
proposed before. See for example Blanchard and Katz (1997), Roberts (1997) and Whelan (1997).
® Gordon (1997) (2013) proposes a model of the Phillips curve where price inflation depends upon the growth of some key
prices, for instance oil prices because oil is an important factor of production. In México, imported inputs are important
factors of production.
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The parameter yo, may represent both changes in productivity as well changes in the monopoly power of firms. If
productivity is rising and there is perfect competition, yo would be negative. Instead, if the monopoly power of firms is
increasing, yo would be positive.

Since Bo in the wage Phillips curve and vy, in the equation of inflation may be related to changes in productivity, they
could be related in a negative way.
A perfect nominal adjustment would imply that the last inequality in equation (6) becomes an equality.

I.1.- The relation between inflation and unemployment under incomplete nominal adjustment of all endogenous and
exogenous variables.

If there is incomplete nominal adjustment of the endogenous variables, equations (5) and (6) are strict inequalities. If
furthermore, there is incomplete nominal adjustment of the rate of growth of the nominal minimum wage to wage
inflation and of foreign inflation to domestic inflation, so these variables are relatively independent, figure 1 shows the
wage-price adjustment of equations (3) and (4)

Figure 1. The stable configuration of the wage-price adjustment’s model

T A equation 3

AN >
(= >

The stable configuration requires than in the plane where price inflation is in the vertical axis and wage inflation is in
the horizontal axis, the slope of the equation of inflation is lower than the slope of the Phillips curve in wages.

Given the assumptions, the proposed model is always stable, since
dn 1

dMWpey — Baa

>1 (7)

°In a model with perfect competition suppose that we have the production function Y = AI*L'~* |, where A is factorial
productivity, | represents foreign inputs and L is labor. In this model the real wage w is equal to the marginal product of
labor, which isw = (1 — a)A(%)“. If the ratio of imported inputs to labor remains constant, the growth of the real wage is

equal to the growth of factorial productivity. On the other hand, the same production function may be used to minimize the
cost function WL+P®l, where W is the nominal wage and P° the price of foreign inputs. Again, if there is perfect competition,

ea Wl—a

the nominal price of output is given by the equation P = £ TR where z is a constant. The equation of inflation is T =
—ga + alAlog(P?) + (1 — a)Alogi{W), where ga is the growth of productivity. The equation of inflation is very similar to
the one proposed in this work. At the same time, for a given inflation, the growth of the nominal wage is equal to ga. If that
were the case, in the terminology of this paper Bo,=-Yos=0a.
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dm
T
When the rate of growth of the minimum wage and the same concept for foreign prices are independent of inflation, the
slope of the wage Phillips curve (pcu) is always greater than the slope of the equation of inflation (ei).

In this case, the reduced forms for price and wage inflation are:

—_ V0a+V2aﬁ0a+V2aﬁ3aAWm +V3aAPe+72a:84au
m= 9)
(1_V2aﬁ2a)

BOa'hBZayOa+32ay3aAPe+ﬁ3aAWm +ﬁ4au
AW = 1
(1_V2aﬁ2a) ( O)

Therefore, the rate of growth of real wages is

AW — 1T = (Boa (1=¥24a)=Y0a (1=B24))~¥3a (]&Iﬁf’a)zpe;’ﬂ&l (1=y2a) AW +B 40 (1=y24)ut) (11)
—V2aP2a

Both price inflation and wage inflation depend upon positively on the rate of growth of the nominal minimum wage
and in foreign inflation and negatively on the rate of unemployment. The rate of growth of the real wage depends upon
positively on the rate of growth of the nominal minimum wage and negatively in both foreign inflation and the rate of
unemployment. Reducing inflation through higher unemployment also reduces the rate of growth of the real wage.

Graphically, an increase in the rate of unemployment would shift the wage Phillips curve (equation (3)) to the left in
figure 1, generating a reduction in both wage and price inflation.

1.2.- The classical case: complete adjustment of all nominal variables

When the last term of equations (5) and (6) are strict equalities, there is complete nominal adjustment of wage inflation
to price inflation and the rate of growth of the nominal minimum wage in equation (3) and the same concept for price
inflation to wage inflation and foreign inflation in equation (4). If furthermore, the rate of growth of the minimum wage
is equal to wage inflation and foreign inflation is equal to price inflation AW,, = AW; AP¢ = m, equations (3) and (4)
become

AW = 4 ButBaat g9

(1-y34)
— A Y0a 1
=AW+ S (19)
Therefore

YT b (1730)

Equilibrium unemployment is independent of inflation. (14) is an equation of the natural rate of unemployment. Since
the parameter B4a is negative, equilibrium unemployment increases whenever the independent components of the wage
Phillips curve and the equation of inflation rise. Even if B, reflected the growth of productivity and were equal to -yo,
changes in the rate of productivity could still change equilibrium unemployment, since the weights (1-ysa) and (1-Bsa)
are not necessarily equal among them.

1 (1_V3a)/30a+(1_ﬁ3a)}’0a) (14)

1.3.-Incomplete nominal adjustment of endogenous variables with complete nominal adjustment of the exogenous ones.
In this case equations (5) and (6) show strict inequalities. However, there will be complete adjustment of the exogenous
nominal variables to wage inflation and price inflation, in such a way that AW, = AW; AP¢ =m

Therefore, equations (3) and (4) become

_ ﬁ0a+ﬁ2aﬂ+ﬁ4au
AW = (1-P34) (15)

y0a+y2aAW
= M2l (g
(1_y3a) ( 6)

Complete adjustment of the exogenous nominal variables may break the stability of equilibrium,since now in the plane
where price inflation is the vertical axis and wage inflation is in the horizontal one, the slope of the wage Phillips curve
(15) is not necessarily higher than the slope of the equation of inflation (16).
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The slopes of equations (15) and (16) are:

dr (P
dAW pew B2a (17)
dr Y2a (18)

dAWei  (1~¥34)

The fact that By, x=2,3 and yy,; X=2,3 are lower than one does not guarantee any more that the stability condition holds.
If the model is stable, there is a long run tradeoff between inflation and unemployment, which can be seen in figure 2.
Figure 2: An increase in the unemployment rate under stability and perfect indexation

Ar“

AW

»
»

The original equilibrium is in a. An increase in the rate of unemployment shifts the wage Phillips curve to the left. The
final stable equilibrium is in b, with lower inflation and lower increase in wages.

The case where there is complete nominal adjustment of the endogenous variables, but incomplete nominal adjustment
of the nominal exogenous variables, provides similar results to the case where there is incomplete nominal adjustment
in all variables.

I1.- Estimation of the wage Phillips curve and the equation of inflation in México.

This section presents an estimation of equations (3) and (4) in México using quarterly data. In real life the mechanism
of transmission of independent variables to dependent variables is not immediate, it takes time and sometimes
dynamics may be relatively complex. For that reason, we estimate the structural equations (3) and (4) as ARDL
(autorregresive distributive lag) stochastic processes. This econometric technique was originally developed by Pesaran
and Shin (1998) and Pesaran, Shin and Smith (2001). Using it, it is possible to recover the long run effects of
independent variables into dependent ones.

The ARDL version of equation (3), the wage Phillips curve, is
AW, = By + 224 By AW,y + X2 Baitte—i + X2 BaiAWoye i + 22 Baithe—; +1(19)
Where v is a disturbance term that ideally should be normally distributed, with zero mean and constant variance.

The variable in the left side of the correspondent equation depends upon lags of itself and the contemporary value of
independent variables, as well as several lags of them.
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In different econometric packages, for instance in E-Views 11, there is a computational routine to determine the Iags of
both the dependent variable and the independent variables. The aim in this case is to minimize the Akaike criteria.*

The term my is the number of lags of the dependent variable in the equation. m, with x from 2 to 4 shows the number of
lags correspondent to the independent variables.

For the process to be stable, a necessary condition is Y% f;; < 1. That is to say the sum of the coefficients of the lags
of the dependent variable must be lower than one.

The long run solution for AW in equation (19) is
AW = Boq + BoraT + B3a AWy, + B4au(20), which is exactly equal to the theoretical equation (3).
When the stochastic process (19) is stable:

_ Bo
boa =g, (BU)
Y2 Bai
= S0 (22
Pra -3 1) (22)
D Y EY
Psa = 1-21 B (23)

YT B
= _Z=0P4 oy
Pia -3 g1 (24)

On the other hand, the ARDL version of the equation of inflation (4) is

T =Yg+ Zﬁil V1iTte—; + Z]L'Z:o V2 AW, + Z}iio Y3iAPL; + {(25)

Where (; is again a disturbance term normally distributed with zero mean. The term j; is the number of lags of the
dependent variable in equation (25). The terms j, with x=2,3 represents the number of lags of the independent variables
in the same equation.

As in the case of the wage Phillips curve, in the empirical equation of inflation this one depends upon lags of itself and
the contemporary values and lags of wage and foreign inflation.

The long run solution for 7 is:

T =Yoa + V2u AW + v3,AP¢  (26), which is exactly equal to the theoretical equation (4)

The stochastic process (25) needs the necessary condition for stability Z{fil v < L
If (25) is stable, the long run effects of the independent variables in the dependent one are:

Yo
= (27
Yoo =05 v @D

ZJ-.EVZi
—_Zi='2 ()g
Y2 (1—z§ilyi1)( )

Z]-Ehi
— 2=l (g
V3a =0 v (29)

Equations (19) and (25) conform the model to be estimated. Equations (20) and (26) conform the long run model of
inflation and wages, equal to the theoretical equations (3) and (4).

Equations (19) and (25) are estimated with quarterly data from the first quarter of 2005 to the first quarter of 2020.**
All variables are seasonally adjusted with the method ARIMA X-13. Inflation = is the so-called underlying inflation,
which excludes prices of energy and some prices of food.*?

10The Akaike criteria balances the goodness of fit with the number of parameters. It prizes the goodness of fit and punishes
the number of parameters, reaching an optimal number of lags when the Akaike statisticreaches a minimum value.
1t is not possible to perform the analysis before because there is not information for the rate of unemployment and the
manufacturing wages.
12 In Spanish is called inflaciénsubyacente.
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Wages are those of the manufacturing industry, which are the ones that are published more frequently. Foreign prices
take the nominal exchange rate and the consumer price index of the US that also excludes energy and some prices of
food. Minimum wage is the official one in México and the unemployment rate is national one.

Except from the exchange rate, the minimum wage and the price index of the US, all other variables are published in
the system called BIE of INEGI.* The exchange rate and the minimum wage were obtained in the data system SIE of
Banco de México, the central bank and the price index of US is obtained in the data set of BLS.™

One problem in the estimation is that there is clearly simultaneity in equations (19) and (25). Therefore, a simple
estimation through ordinary least squares (OLS) may yield inconsistent estimators. To avoid this problem, first we
estimate the model under OLS, which is convenient because it provides the dynamic structure of the stochastic
processes, namely the optimal number of lags. Then, using this structure proposed by the OLS estimation, we estimate
a model under the generalized method of moments (GMM), using lags of the independent and dependent variables as
instruments. If the disturbance term is with noise, it should not be correlated with the instruments, then estimations
would be consistent.

Table 1 shows the estimators of the ARDL form of the wage Phillips curve (equation (19)).
Table 1: Estimation of the short run Phillips curve for wages. Equation (19)

Dependent variable AW, quarterly logarithmic change in nominal wages
Quarterly data starting in the first quarter of 2005%
t statistic in parentheses

ARDL (4,0,0,0)*

OLS GMM

Constant g 0.03 0.03
(4.2 6.177)

AW¢1 (B11) -0.17 -0.32
(-1.3) (-267)

AW, (B12) -0.27 -0.19
(-2.57) (-2.37)

AWy (B13) -0.26 -0.28
(-257) (-4.07)

AWis (Bia) -0.15 -0.19
(-1.5) (-2.27)

7 (B2o) 0.82 0.85
(297 (2.27)

AW it (B3o) 0.05 0.08
(1.1) (1.6)

Ut (Bao) -0.004 -0.004
(-3.57) (-5.07)

R 0.35 0.37

F 3.6 -

DW 2.23 2.03

Box Ljung statistic (X*(24)) 36.2 32.5

J  statistic  (probability  of | - 3.0 (0.88)

orthogonality in parentheses)

Sargan instrumental validity test | - 2.2

XX(7)

3 BIE: Banco de Informacién Econémica; INEGI: Instituto Nacional de Estadistica y Geografia.

Y SIE: Sistema de informacion econdmica; BLS: Bureau of Labor Statistics.

1> Given the lags and the instruments, the OLS estimation starts in the second quarter of 2006 and the GMM estimation starts
in the third quarter of 2006.

1° The nomenclature of ARDL models is ARDL (X3, X, ...Xn), Where X, is the number of lags of the dependent variable and
x;, from j 2 to n represents the number of lags of the independent variables.
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*Significant at 90% of confidence

** Significant at 95% of confidence

*** Significant at 99% of confidence

R?% Coefficient of determination
F: Fischer statistic

OLS: Ordinary least squares method

GMM: Generalized method of moments method

DW: Durbin-Watson statistic

Box-Ljung statistic of the correlogram
J statistic of the orthogonality of residuals and instruments in the GMM estimation

Instruments for the GMM estimation: AWy, X: 1 t0 5; AWt X: 1,2,5; mey: X2 1,4,5,7,8; Upq

On the other hand, table 2 shows the estimated long run effects of the independent variables on the dependent one.
Table 2: Long run values of the wage Phillips curve. Equation (3) and (20)

t statistic in parentheses

Quarterly data
t statistic in parentheses
OoLS GMM
Constant (Boa) 0.016 0.016
(5.67) (527
7 (Baa) 0.44 0.43
(3.2 (2.67)
AW, (Bsa) 0.03 0.04
(1.2 (1.6)
u (Bsa) -0.002 -0.002
4.1 (-4.477)
Wald t test for the classical | -4.0 35
assumption of Boa+Pz=1
Pesaran, Shin, Smith’s F statistic | 8.1 -

*Significant at 90% of confidence

** Significant at 95% of confidence

*** Significant at 99% of confidence

OLS: Ordinary least squares method

GMM: Generalized method of moments method

Table 3 shows the estimators of the equation of inflation (equation (25))

Table 3: Estimation of the equation of inflation. Equation (25)

Dependent variable: Price inflation in quarterly terms

t statistic in parentheses

Quarterly data starting in the first quarter of 2005 finishing in the first quarter 2020’

t statistic in parentheses

ARDL (4,0,2)
OLS GMM
Constant v 0.002 0.002
(2.0) (1.6)
Tt-1 (Yll) 0.63*** 0.61***
(5.2 ) (5.8 )
-2 (712) -0.12 -0.19

17 Given the lags and the instruments the OLS estimation starts in the second quarter of 2005 and the GMM estimation starts

in the fourth quarter of 2007.
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(-0.9) (-2.47)

-3 (’Ylg) 0.43 0.44
(3.27) (507

T4 (’Y14) -0.33 -0.25
(-2.77) (-2.47)

AWt (’Yz()) 0.1 0.2
77 (2.37)

AP¢ (y30) -0.004 -0.008
(-0.8) (-1.0)

AP1° (y31) 0.007 0.009
(1.5) (3.27)

R’ 0.56 0.64

F 9.5 -

DW 1.89 1.79

Box Ljung statistic (X°(24)) 28.4 24.3

J  statistic  (probability  of | - 3.3(0.86)

orthogonality in parentheses)

Sargan instrumental validity test | - 3.8

X4(7)

*Significant at 90% of confidence
** Significant at 95% of confidence
*** Significant at 99% of confidence
R?: Coefficient of determination

F: Fischer statistic

OLS: Ordinary least squares method

GMM: Generalized method of moments method

DW: Durbin-Watson statistic

Box-Ljung statistic of the correlogram
J statistic of the orthogonality of residuals and instruments in the GMM estimation

Instruments for the GMM equation: mt-x: x: 1 to 4; AP, x: 1, 2; AWy, X: 1t0 7 and 10
Finally, table 4 shows the long run effects of the independent variables of the equation of inflation on this variable.

Table 4: Long run values of the equation of inflation. Equation (4) and (26)

t statistic in parentheses

Quarterly data from the second quarter of 2006 to the first quarter of 2020

t statistic in parentheses

OLS GMM
Constant (Yo,) 0.006 0.004
(377 (1.9%)
AW (v22) 0.25 0.38
(2.17) (2.1*%)
AP® (y3a) 0.008 0.005
(0.5) (0.3)
Wald t for the classical | -6.1 327
assumption ya+yza=1
Pesaran, Shin, Smith’s F statistic | 4.7 -

*Significant at 90% of confidence
** Significant at 95% of confidence
*** Significant at 99% of confidence
OLS: Ordinary least squares method

GMM: Generalized method of moments method
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Many of the estimators generated by OLS are similar to the estimators produced by GMM. In tables 2 and 4 the
Pesaran, Shin, Smith’s F statistic show that at least in the OLS estimations it is possible to reject the null hypothesis
that the variables involved in the regression do not generate a long run relation.

Therefore, it is not possible to reject that there is a long run relation between these variables. In general, this implies
that the equations follow a stable process.

There are several striking results:

In both the wage Phillips curve and the equation of inflation it is possible to reject the classical assumption of complete
nominal adjustment (see the Wald t test of tables 2 and 4). Moreover, in the wage Phillips curve it is not possible to
reject that the lighthouse effect is zero (see table 2 4"row). The punctual effect of the rate of growth of the nominal
minimum wage over wage inflation is between 3% to 4%. Instead, price inflation has a positive and significant effect
on wage inflation (punctually around 44%), but the effect is much lower than one (see table 2).

In the equation of inflation, the effect of foreign inflation has the correct sign, but it is completely insignificant. It is not
possible to reject that between 2005 and 2020 the so-called passthrough of foreign prices to domestic prices in México
is zero, or close to that number.*® On the other hand, the long run effect of wageinflation to price inflation is positive
and significant but relatively low, between 25% and 40% (see table 4).

Unemployment has a long run negative and significant effect on wage inflation, as theoretical models propose. The
effect is low, nonetheless. A reduction of 1 percentage point in the rate of unemployment increases wage inflation by
0.2% in quarterly terms, which would be around 0.8% in annual terms (see table 2).

Perhaps the most important result of the empirical estimation is that the nominal adjustment of wage and price inflation
to their determinants is incomplete, which quite possibly will generate a long run tradeoff between inflation and the rate
of growth of real wages with unemployment.

I11.- The long run price-wage adjustment mechanism in México.

The two estimated equations for México in the long run,which emerge from tables 2 and 4 in the GMM estimation are:
AW = 0.016 + 0.431 + 0.04AW,, — 0.002u Phillips curve in wages (30)

m = 0.004 + 0.38AW + 0.005AP¢ Equation for inflation (31)

According to the theoretical section | of this work, the estimated model is stable since:

dm

T8y = 233 32)
dn

aaw,, = 0-38(33)

In the plane where price inflation is in the vertical axis and wage inflation is in the horizontal one, the slope of the wage
Phillips curve (32) is much higher than the slope of the equation of inflation (33).

The reduced forms for the system of equations (30) and (31) are:
AW = 0.0211 + 0.048AW,, + 0.0025AP¢ — 0.0024u (34)
m =0.012 4+ 0.018AW,,, + 0.006AP¢ — 0.00091u (35)

Equation (35) could be considered as a type of Phillips curve of prices, where inflation is negatively related to
unemployment.

Using (34) and (35) it is possible to get the reduced form for the rate of growth of the real wage
AW — 1 = 0.0091 + 0.03AW,, — 0.0035AP¢ — 0.0015u (36)

An increase in one point in the rate of unemployment reduces inflation by 0.091 percentage points in quarterly terms,
which is approximately 0.36 percentage points per year. It reduces the rate of growth of the real wage in 0.6 percentage
points also in annual terms. Real wages and inflation seem to be both quite rigid, which means an almost horizontal
Phillips curvein prices.

Different studies have demonstrated that the passthrough of the exchange rate to prices in México has declined considerably
(see for example Cortés Espada (2013) and Tunc (2017)).
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An interesting case to study, considering the incomplete nominal adjustment found, is the one where there is a complete
nominal adjustment of the rate of growth of the nominal minimum wage to wage inflation and of foreign inflation to
price inflation, in such a way that AW,,, = AW; AP¢ =m.

In this case, the structural form of the model in equations (30) and (31) becomes:
AW = 0.01666 + 0.448m — 0.0021u (37)
7 = 0.004 + 0.382AW(38)

Where (37) is the wage Phillips curve under perfect indexation of the exogenous variables of the model and (38) is the
equation of inflation under the same circumstances.

It is possible to corroborate that this model is stable, since in the plane where price inflation is in the vertical axis and
wage inflation is in the horizontal one, the slope of the wage Phillips curve(37) is greater than the same concept for the
equation of inflation (see equation (39))

dm dm
oty = 223> Ga,, = 0382 (39)

In this case, the reduced forms for price and wage inflation are

AW = 0.0223 — 0.0025u (40)

m = 0.0125— 0.00097u (41)

And therefore, the reduced form for the rate of growth of the real wage is
AW — 1 = 0.0098 — 0.00153u(42)

As we have seen in the theoretical section of this work, when the model is stable, there is a long run tradeoff of
inflation and the rate of growth of real wages with unemployment. Banco de México, the central bank of the country,
has a 3% annual target of inflation. However, in the last years the average inflation has been greater, near to 4%. Using
the reduced system under perfect indexation of the exogenous nominal variables of the model, conformed of equations
(40) to (42), it is possible to see than reaching the targeted inflation in México would generate an equilibrium
unemployment of 5.2% and an annual rate of growth of real wages of around 0.7%.

The equilibrium unemployment found under the targeted inflation is higher than the average rate of unemployment of
the last years, which is around 4.0%. The rate of growth of real wages under the targeted inflation is lower than the
observed one in the last fifteen years, which is around 1.0%.

If instead of targeting inflation at 3% unemployment were targeted in 4%, equilibrium inflation would be 3.5% and the
rate of growth of wages would be more than the double of the one when inflation is targeted in 3% (1.5%). That would
be a small increase in inflation but would avoid almost 700000 additional people unemployed and in 10 years would
increase the real wage 7.5% above the figure when inflation is targeted in 3%.

The reason why these results emerge is because the estimated long run Phillips curve is quite flat, which implies that
with a very small increase in inflation the rate of unemployment may fall in a considerable way, which also generates a
substantial increase in the rate of growth of real wages.

Finally, we show two graphs with observable data:

Graph 1 shows a simple diagram where annual inflation is in the vertical axis and unemployment is in the horizontal
one. The regression line is quite flat. The simple correlation between these variables is -0.11 and in fact it is not
significant.

Graph 1: The relation between inflation and unemployment in México

Annual inflation in the vertical axis. Rate of unemployment in the horizontal axis
First quarter in 2006 to first quarter of 2020
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|On the other hand, graph 2 shows the relation between the growth of the real wage also in annual terms and the rate of
unemployment. The observed relation shows a very significant negative relation with these two variables, where the
linear correlation is -0.65

Graph 2: The relation between the growth of the real wage in the manufacturing industry and the rate of unemployment
in México
Annual growth of the real wage in vertical axis. Rate of unemployment in the horizontal axis

CRECSALREALAAN

3.0 3.5 4.0 4.5 5.0 5.5 6.0

UNEMSA1
Source: BIE-INEGI

23



ISSN 2375-0766 (Print), 2375-0774 (Online) ©Center for Promoting ldeas, USA www.jbepnet.com

Conclusions

Several studies in the last twenty years have concluded that the behavior of people under low inflation is different that
under high inflation. For this reason, in a low inflation environment the old inflation-unemployment tradeoff proposed
by Phillips in 1958 might re-emerge even as a long run relation.*®

This paper proposes a partial equilibrium model where wage and price inflation are determined endogenously. The
model predicts that under imperfect nominal adjustment of the endogenous variables and the same concept for the
exogenous nominal variables (the rate of growth of the nominal minimum wage and foreign inflation) there will be a
long run tradeoff between inflation and unemployment of the type proposed by Phillips (1958). The same model shows
that when there is incomplete nominal adjustment of the endogenous variables, but perfect indexation of the exogenous
nominal variables to the endogenous, the described long run tradeoff may still survive.

An empirical estimation of ARDL versions of the equations of the theoretical model for México for the last fifteen
years, strongly rejects the null hypothesis of complete nominal adjustment of wage and price inflation to the rate of
growth of the nominal minimum wage and foreign inflation. Therefore, we cannot reject a long run tradeoff between
inflation and unemployment in that country nowadays.

The empirical study shows another important long run tradeoff, which operates between the rate of growth of the real
wage and the rate of unemployment. Given the empirical results, both tradeoffs described survive even in the extreme
case of perfect indexation of the rate of growth of the nominal minimum wage to average wage inflation, and of foreign
inflation to domestic price inflation.

The estimated model predicts that if Banco de México, the central bank of this country, reaches its targeted inflation of
3% , it will generate a long run rate of unemployment higher than 5% and an increase in real wages of about 0.7% in
annual terms. However, in the last years the rate of unemployment has been near to 4% and the rate of growth of real
wages has been around 1.0% per year. Reaching the central bank target would have a considerable cost in terms of a
loss of welfare for many workers in the country.

The results of this paper are similar to those of Akerlof et al (2000), Blanchard, Cerutti and Summers (2015) and Gali
and Gambetti(2018) for the US and pose a question on the role of monetary policy and, specifically, over inflation
targeting. If the long run Phillips curve is as flat as these works show, wouldnt be better for central banks to target
unemployment instead of inflation? That is an open question. Perhapsin the near future other works will challenge the
results of this article. In any case | would be delighted if there is a serious discussion on the topic.
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