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Abstract

Considering nonlinearities in the exchange rates{plaugh to domestic prices, this
paper estimates exchange rate pass-through in Me®le examine responses of domestic prices
to a positive one unit exchange rate shock by esing a Threshold Vector Autoregression
(TVAR) model. A monthly rate of inflation of 0.79%cts as a threshold. The exchange rate
pass-through to domestic prices is statisticallynisicant above the threshold level of the

inflation rate and statistically insignificant belat.
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1. Introduction

The credibility of monetary policy to stabilize lafion in the economy determines the
degree of exchange rate pass-through. A way touneasonetary policy’s credibility is the rate
of inflation. Economic agents change inflationarpectations if the rate of inflation is higher
than a threshold level. Firms perceive any increashe cost of production beyond a certain
threshold to be more persistent in the presenchigif inflation rates. Therefore, in a high
inflationary environment, they choose a higher iestpy of price adjustment for a given menu
cost. Firms transfer the effects coming from shamkscosts in order to maintain their mark up.
Other things held constant, the exchange rate thassgh to domestic prices is higher during
high inflationary episodes than low inflationaryissmles. Using micro data for Argentina,
Alvarez et al. (2011) found that the frequency ot adjustment is uncorrelated with current
inflation for inflation rates below 10% and thatsthirequency has an elasticity close to 2/3 for
higher inflation rates.

It is worth noting that the exchange rate passtitinditerature has seen the use of three
econometric techniques i.e., the single equatigression, stationary Vector Autoregression
(VAR) and cointegration. In the univariate proceds domestic prices are assumed to be
exogenously determined by the exchange rate shdbksVAR methodology has the advantage
of measuring simultaneous relationships betweerhange rate and other variables. This
methodology has been widely used to examine th&amge rate pass-throughGiven the

presence of nonlinearities in the exchange rats-ffasugh, linear modelling techniques may

! McCarthy (1999), Choudhri et al. (2005), Takatoahdl Kiyotaka (2007), Zorzit al. (2007). Bhundia (2002),
Leigh and Rossi (2002), Billmeier and Bonato (2004rhonen and Wachtel (2006), and Sek and Kapsealya

(2008).



give imprecise exchange rate pass-through coeiti€ieA more realistic approach would be to
recognize that the inflationary environment alsie@t the responses of economic agents to an
exchange rate shock. It follows that domestic gricery not respond to an exchange rate shock
due to the low and stable inflation. But they regpto the same shocks if the inflation is above
its threshold level. Therefore, in this paper we asmultivariate process, the Threshold Vector
Autoregression (TVAR) model, to study the exchargje pass-through. The TVAR model is in
line with the fact that movements in the exchargfe could alter the responses of economic
agents to those changes and consequently thesensespmay correspond to different regimes
depending on the rate of inflation.

During 1990s, a series of monetary policy reformsl aubsequent transition to new
policy regimes in post-crisis Latin American emaggieconomies increased the importance of
nonlinear models. We estimate a TVAR model consggstif a set of variables that determine the
exchange rate pass-through to domestic prices xiddeln December 1994, Mexico suffered
from a currency crisis and it adopted a floatinglenge rate regime. In 1996, the Central Bank
of Mexico started a gradual transition towardsréfation targeting policy to control inflationary

expectations, and it switched completely to inflattargeting policy in January 1989.

2 Schemidt-Hebbel and Werner (2002), Levin et 206



Figure 1. Annual rate of inflation and inflatiorrgats in Mexico
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Figure 1 shows the rate of inflation in Mexico frd@94 to 2009. The figure also shows
the inflation targets set by the Bank of MexicoeTBank of Mexico set the first inflation target
at 13% in January 1999. Since 2003, the Bank tsaug@eate of inflation at 3% with a variability
interval of +/- 1%. During this time period, sigeéint changes in the rate of inflation in terms of
its volatility and its mean level make Mexico pautarly suitable to examine the exchange rate
pass-through using a TVAR model.

We estimate the nonlinear responses of domestieptio an exchange rate shock by
taking into account the threshold levels of the ratt inflation. The contributions of this paper
are threefold. First we estimate a nonlinear matiate model by using the threshold level of
inflation. The threshold level of inflation is det@ned endogenously. To our knowledge there is
no work done in the context of exchange rate passtgh using endogenously determined

threshold level of inflation. Second, we allow tosimultaneous regime switching in our TVAR



model. Third, we allow for the presence of morenth&o regimes and test for the presence of
three regimes.

We review the previous literature to find possitdeises of nonlinear exchange rate pass-
through in the next section. In section 3, we presee TVAR model to estimate the nonlinear
exchange rate pass-through to domestic prices.ebtios 4, we present the estimation
methodology. In section 5, we present the empifiadings. Finally, we set out our conclusions

in section 6. Data definitions and sources are samnzed in the appendix.

2. Nonlinearities in exchange rate pass-through

Previous empirical studies show a positive relation between the exchange rate pass-
through and the inflationary environment. Taylod@Q) found that the responsiveness of prices
to fluctuations in the exchange rate depends pesjtion the level of inflation. He argued that
low exchange rate pass-through in low inflation rdoes is a result of the low inflation
environment. Choudhri et al. (2005) found that ¢daes having high rates of inflation are often
characterised by high exchange rate pass-througtiicients. Baqueiro et al. (2003) examined
the exchange rate pass-through in different coesitby splitting the sample period of each
country into high and low inflation regimes. Theyuhd that the exchange rate pass-through is
higher in high inflationary episodes than in lovlationary episodes. These findings suggest that
the relationship between the degree of exchange pass-through to domestic prices and

inflationary environment is nonlinear.



Figure 2. Exchange rate depreciation and inflatolexico
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Note: The exchange rate depreciation is defindl@snnualized changes in exchange rate indiceggative

index means a depreciation and vice versa.

Figure 2 shows the exchange rate devaluation dtediam in Mexico from 1994 to 2009.
The exchange rate depreciation increased from 4d53August 1998 to -20.2% in December
1998 and the inflation increased from 14.5% to % during the same period. However, the
inflation rose from 5.5% in October 2008 to 5.9% Ntarch 2009 when the exchange rate
depreciation increased from -13.8% to -25.3%. Hiationship between inflation and exchange
rate depreciation is positive in two episodes,thatchange in inflation is negligible in the latter
episode of exchange rate depreciation. Previousiriealp studies explain the nonlinear
relationship between exchange rate and inflatiogeweral ways. Al-Abri and Goodwin (2009)
argued for a significant threshold cointegratiomattenship between the nominal effective
exchange rate and import prices. They showed tieidegree of exchange rate pass-through

improves from the 50% average documented in tlezalitire once a threshold is detected.



Pollard and Coughlin (2004) found that most firrespond asymmetrically to large and small
changes in the exchange rate with pass-throughiyedgirelated to the size of the change. Josip
and Petra (2009) employed the Threshold Autoreyesaodel to estimate the exchange rate
pass-through in Croatia, and showed that a ceteial of devaluation acts as a threshold
between the two regimes. They found that belowthiheshold, there is no exchange rate pass-
through to prices and above the threshold thewe ¢gemplete pass-through to prices. But, the
historical data on exchange rate depreciation afldtion in Mexico shows that the inflation
responds significantly to exchange rate depreciaifidhe rate of inflation only if the rate of
inflation is above certain level. As long as, thgerof inflation is below that level, the response
of inflation to exchange rate depreciation remamnssgnificant. It necessitates the estimation of
the threshold levels of inflation in the first stgnd the analysis of the responses of domestic

prices to exchange rate shocks in different irdladry regimes in the second step.

3. TheThreshold Vector Autoregression (TVAR) model

We estimate the following three regime TVAR model:

a, +A(L)y +&, ifg sy
Y, =1, + A (L)Y, +&, iy <q <), (1)
as+ ALy, +&y if g >y,

where the vector of variableg)(consists of the rate of inflatiom)( the output gap, the nominal
effective exchange rat®lEER) and an indicator of the stance of monetary paflityThe output
gap captures the effects of the real sector onamgdhrate pass-through. We include an indicator
of the stance of monetary policy in the vector afiables to take into account the effects of the
monetary policy on exchange rate pass-through.

y, =[7 Outputgap NEER i]



q,is the threshold variable, arg and y, are the threshold values. We treat the rate tdtinh
as the threshold variable in our mode|, i=1,...,3, is a3x1 is vector of constants while the lag-
polynomial A (L) = A,L+A,L* +..+ A,L" with a 4x4p matrix A;, j=12,...,p; L is the lag
operator.

A more compact form of the three regim@AR(p) model is as follows:

Yo=lay + ALY+ ALYy +a NG 1)+, + AnL)Y +t Ay (DY + & )l (< < y,)
# (s + ALy ot Ay (DY, * &)1 (6> 12)
where | (.) takes the valug if its argument is satisfied ar@ otherwise.

It is worth noting that whery, = y,, the three regime TVAR model reduces to a twomegi
TVAR model.
Defining 6 =(a,,a,,a,, A, A, ALY, Y,) as the vector of parameters of interest, we use th
ordinary least square (OLS) method to minimisefetlewing function:

Vo=@ + AL Yes +-* AL (DY, + &)1 6 < 1)

b=argmin | ~(@, + Au(LYis ++ A (Do + 2l (2 <6 < 12)
= _(03 + ASl(L)yt—l Tt ASp(L)yt—p +£3t )I (qt > yz)

4. Estimation methodology
4.1  Datadescription
We use monthly seasonally adjusted data from Jgnl@94 to November 2009. The

exchange rate is the nominal effective exchange ecamputed by the Bank for International



Settlements (BIS) We define a shock to the exchange rate as aiymsiariation of the
exchange rate. Thus, a positive variation of theharge rate represents an appreciation of the
domestic currency. The rate of inflation is meadurg the Consumer Price Index (CPI). It is a
widely used indicator by both financial analystsl goolicy makers to examine developing price
trends and is generally considered as an indiaztthe inflationary process in the econofny.
The exchange rate affects import prices which m affect production costs and consequently
the CPI. The output gap is created by taking theatiens of the logarithm of real GDP from the
trend estimatés The overnight interbank rate has been shown ta lgwod indicator of the
monetary policy stanceThe Bank of Mexico has been using the target f@rmight interbank

rate as policy instrument since January 2008.

% We use the broad index of the nominal effectivehange rate. It is calculated as a geometric weihjhverage of
bilateral exchange rates comprising of a baskdRafountries. The weights are based on trade i6-870
“ Briére and Signori (2012); Granville and Mallic2006).

® To calculate the trend estimates, we decomposeetidsDP (yt) into two components; the trend componegt) (

and the cyclical componentc(), i.e.y =g, +c- We extract the trend component by minimizing

Min Z i

o Xbi-ed YN0 - 9) - (9 — 9 -
t=1

=1

t

® Bernanke and Blinder (1992) for United Statesefig2010) for India.



Figure 3: Overnight interbank rate and the monepaticy stance
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Figure 3 shows the overnight interbank rate andtahget for overnight interbank rate.
The overnight interbank rate follows the targeeraience, we use the overnight interbank rate
as an indicator of monetary policy stance.

Before testing for thresholds in the Vector Autoesgion representation of the datae
select the optimal lag order by estimating the dm®AR model. The optimal lag order is
determined by using the Akaike Information CriterifAIC) which is the most widely used
information criterion in the empirical literaturd model selection. The AIC selects 3 as the

optimal lag for the TVAR model.

 Johansen cointegration test shows that the coatiag matrix is a full rank matrix. Thus, variablare stationary,

and a TVAR model is estimated to examine the exgbaate pass-through.
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4.2. Thenonlinearity test

We run a nonlinearity test for a threshold VAR miodgainst a linear VAR model by
using the rate of inflation as threshold varialilee rate of inflation below the threshold level
constitutes a low inflation regime, and above tmeghold level it constitutes a high inflation
regime. The threshold values are the turning pantehich either a significant exchange rate
pass-through takes the place of an insignificacharge rate pass-through, or an insignificant
exchange rate pass-through takes the place ohdisignt exchange rate pass-through. To test
the null hypothesis of linearityn(= 1 regime) against the alternative of nonlingafih = 2, 3
regimes), we use a multivariate extension of thedrity test by Hansen (1999), and Lo and
Zivot (2001). The test makes use of the covariana&ix of each model (models 0 and 1), i.e.,
model 0 is the simple VAR model (under the nullinéarity) and model 1 is the TVAR model

with one and two regimes, respectively. The LR s$gatistic is written as follows:
LR, = T (n(det 3 ,) - In(det( 3,))
where? s the estimated covariance matrix of the modekeutide null hypothesis an, is the

estimated covariance matrix under the alternafivee calculation of the p-value is done by
simulation. The bootstrap distribution is based@ampling the residuals from the null model,
estimating the threshold and computing the test. dlocomputations we use 1000 bootstrap

replications.
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Table 1: LR test results

Panel A: LR test for linearity against 2 regimes

LR Statistic 253.492
p-value [0.000]
Estimated threshold 0.171

Panel B: LR test for linearity against 3 regimes

LR Statistic 405.706
p-value [0.000]
Estimated thresholds 0.171;0.789

Panel C: LR test for 2 regimes against 3 regimes

LR Statistic 138.674
p-value [0.000]
Estimated Threshold 0.171;0.789

Results of the threshold test are reported in TablResults are obtained by using the
middle 70% of sorted observations, based on Haag&896) result that the optimal trimming is
15%.

Results in table 1 show that the simultaneous dycsof the Mexican economy are well
described by a 3-regime TVAR motidHence, we accept the 3-regime TVAR model. Of seur
all the previous analyses examine the exchangepiags-through dynamics by looking at the

coefficient of nominal effective exchange ratehe tnflation equation in different regimes.

8 p-values = 0 in table 1 indicates the rejectiothefnull of linearity.
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Table 2: Estimation results of the TVAR model-variable: =

Regimel: n1(-1) <0.171
Percentage of observations = 187%

Regime 2:0.171< 71(-1) < 0.789
Percentage of observations = 626%

Regime 3: 77(-1) > 0.789
Percentage of observations = 187%

Constant 0.181 0.072 0.702
(0.1455) (0.072) (0.251)**

Output gap (-1) -0.033 0.023 0.008
(0.0289) (0.010)* (0.027)

2(-1) 0.133 0.725 0.277
(0.3800) (0.159)** (0.244)

NEER(-1) -0.005 -0.014 0.001
(0.0120) (0.011) (0.004)

i(-1) 0.051 0.008 0.010
(0.039) (0.017) (0.007)

Output gap (-2) -0.055 0.030 -0.006
(0.033). (0.012)* (0.028)

7 (-2) -0.3684 -0.136 -0.376
(0.222) (0.111) (0.239)

NEER(-2) 0.016 -0.004 -0.0003
(0.014) (0.011) (0.004)

Note: Values in the brackets are the standardsrtaepresents the 1% level of significance, *presents 5% level of significance, *** represer®¥dllevel of

significance
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Table 2:Estimation results of the TVAR model: y —variable: 7 (Continued)

Regimel: n1(-1) < 0.171 Regime 2:0.171< n1(-1) < 0.789 Regime 3: (-1 > 0.789
Percentage of observations=187%  Percentage of observations= 626%  Percentage of observations = 187%
i(-2) -0.112 0.007 -0.002
(0.070) (0.027) (0.010)
Output gap (-3) -0.003 0.012 -0.029
(0.021) (0.011) (0.022)
7 (-3) 0.115 0.011 -0.015
(0.191) (0.097) (0.202)
NEER(-3) -0.015 0.007 -0.009
(0.020) (0.008) (0.004)*
i(-3) 0.065 -0.009 0.001
(0.064) (0.016) (0.007)
AIC 646.625
SC 1157.140
SR 4040.170

Note: Values in the brackets are the standardsrtaepresents the 1% level of significance, *presents 5% level of significance, *** represer®¥dllevel of

significance
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5. Empirical results

Table 2 reports the results of the TVAR model viitl rate of inflation#) as a threshold
variable. Although the econometric tests seledtraet-regime VAR model, the exchange rate
pass-through is negative and statistically sigaificonly in the upper regime& ¢& 0.783) at the
third lag. In the lower regimen(< 0.167) and the middle regime (0.167x<< 0.783), the
exchange rate pass-through is statistically inficamt.

Figure 4 depicts the accumulated impulse respoofestput gap, domestic prices and
interest rate to a positive one unit exchange shtek. In regimes 1 and 2, a positive one unit
exchange rate shock results in positive output g@@pegime 3, it is negative. However, the
responses of output gap are not statistically S8aamit in any regime.

In regime 1, a positive one unit exchange rate lsheads to a decrease in domestic
prices. In regime 2, domestic prices increase aftpositive one unit exchange rate shock. But
the response of domestic prices is statisticalfigmficant in the two regimes. In regime 3,
domestic prices decline after a positive one uxthange rate shock. The response of domestic
prices is statistically significant in the thirdyime.

The empirical estimates suggest that the exchaate pass-through dynamics are rather
described by two regimes i.e., a lower inflatioginee with statistically insignificant and weak
exchange rate pass-through and a higher inflaggime with statistically significant and strong
exchange rate pass-through. In other words, a rhyon#te of inflation of 0.79% acts as a
threshold between two regim&aVhen the rate of inflation is above the threshielel, the
exchange rate pass-through is significant, and whemnate of inflation is below the threshold

level, the exchange rate pass-through is insigmtic

° A monthly rate of inflation of 0.79% equals an aahrate of inflation of 9.48%
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Figure 4. Accumulated impulse responses of outppt opflation and monetary policy to a positive amét exchange rate shock
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Results of the TVAR model are consistent with tietdnical analysis of exchange rate
depreciation and inflation in Mexico. Shaded an@agure 2 show episodes of exchange rate
depreciation in Mexico. The inflation respondeasgly to first two episodes of exchange rate
depreciation in high inflation regime, but it regpoed weakly to last two episodes of exchange
rate depreciation in low inflation regime.

The central bank eases its monetary policy in nes@pdo a positive one unit exchange
rate shock. The responses of monetary policy atesstally significant only in regimes 2 and 3.
A monthly rate of inflation of 0.17% acts as a #ireld between two regimes. The response of
monetary policy to an exchange rate shock is infsegmt in the lower regime and significant in

the middle and high regime, respectively.

6. Conclusion

The presence of menu costs and the adjustmentoéf prargins alters the reaction of
economic agents to an exchange rate shock aboveedod a certain threshold level of the rate
of inflation. We examine the exchange rate passdjin to domestic prices in Mexico by
estimating a threshold vector autoregression (TVARpel. The nonlinearity test for a TVAR
model against a linear VAR model suggests the poesef three regimes with two threshold
values of inflation. The threshold values of infiat are estimated endogenously. Based on the
estimates of the TVAR model, we reduce three regimi¢gh two threshold values of inflation to
two regimes with one threshold value of inflatidime monthly rate of inflation of 0.79% acts as
a threshold level between two regimes. We find tluahestic prices in Mexico react strongly to

a positive one unit exchange rate shock only alleee¢hreshold level of the rate of inflation.

17



This empirical analysis provides important implioas for policy makers and financial
analysts. First, the Central Bank of Mexico shokd@p the inflation below 9.48% to insulate
domestic prices from exchange rate shocks. Seciwed expected inflation is an important
determinant of investment in securities marketflation regimes in the TVAR model serve as
leading indicator of exchange rate pass-througiotoestic prices. As long as the annual rate of
inflation is less than 9.48%, the response of tidffato exchange rate shocks will be statistically

insignificant. So, the expected inflation will ndtange significantly, ceteris paribus.
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Appendix. Data sour ces

Data on the Consumer Price Index (CPI) and thestmid production index are taken from the
International Financial Statistics, Internationabétary Fund. The data on the nominal effective
exchange rate (NEER) are taken from the Bank feerihational Settlements (BIS). Data on

overnight money market rate are taken from datastea
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