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Inflation Persistence of Nine Latin American Countries: 

Panel SURKSS Test with a Fourier Function 

 

 

 

Abstract 

This study employs the panel seeming unrelated regression of the Kapetanios-Shin-Snell 

(SURKSS) test with a Fourier function to investigate the inflation persistence in Nine Latin 

American Countries over the period of January 1993-January 2012. The empirical results from the 

univariate unit root and panel-based unit root tests indicate that the inflation rates are 

non-stationary in these nine countries under study. However, the panel SURKSS test with a 

Fourier function rejects the null hypothesis of a unit root in Argentina, Dominica, Grenada, 

Mexico, Saint Lucia and Saint Vincent and the Grenadines, while accepting the non-stationarity in 

other three countries(Chile, Columbia and Costa Rica). We conclude that, among the selected nine 

Latin American countries, inflation rates of Chile, Columbia and Costa Rica demonstrate high 

levels of persistence which implies the permanent influence of external shocks on Chile, Columbia 

and Costa Rica. 

 

Keywords: inflation persistence, panel SURKSS test, Fourier function, Latin American Countries 

I. Introduction 

There has been a great deal of study concerning inflation persistence and its 

properties, because the degree of inflation persistence is very important for monetary 

policy design and monetary transmission mechanism. The theoretical background of 

inflation persistence is the sticky price models (Taylor, 1979, 1980; Calvo, 1983), 

after that a lot of document focused on the empirical performance of inflation 

persistence (Fuhrer and Moore, 1995; Christiano, Eichenbaum, and Evans, 2001; 

Roberts, 2001; Driscoll and Holden, 2004; Coenen and Wieland, 2005; etc.). Some 

research has found that inflation exhibits high persistence in industrial countries, but 

others point out that the above-mentioned results are very sensitive to the statistical 

techniques employed. Another issue which has attracted much attention and research 

is the persistence stability, some authors have found evidence of a decrease in 

inflation persistence in recent years (Taylor, 2000; Cogley and Sargent, 2001; Kim, 

Nelson, and Piger, 2004; Meller, 2012; Gerlach and Tillmann, 2012.etc.), while others 

give support to the opposite conclusion (Batini, 2002; Stock, 2001; Levin and Piger, 

2003; O’Reilly and Whelan, 2004.etc.). At the same time, there are many literature 

focusing on explaining the factors that influence the degree of inflation persistence 

(Amano, 2007; L Benati,2008; Hubrich and Marcellino, 2009; T Davig, T Doh ,2009; 

Conrad, 2012). 

Despite the extensive literature focusing on inflation persistence, most of them are 

concerning about industrial countries. In most developing countries, the inflation 



 

problem is far more serious than that in developed countries and the external shock to 

inflation is occurred more common. This paper is mainly interested in the inflation 

persistence in Latin America, in this developing area the inflation level is high and 

volatile in past several decades. There are a few literature on this issue in Latin 

American, among them Carlos Capistrani(2009) studies the mean and  persistence of 

inflation in the 10 largest Latin American countries for the period 1980–2007; Manuel 

Ramos-Francia, D Chiquiar, AE Noriega, M Ramos-Francia (2010) test a change in 

inflation persistence in Mexico; Nikolaos Giannellisa & Minoas Koukouritakis(2013) 

test the inflation rate persistence in Brazil, Mexico, Uruguay and Venezuela. 

The most often used methodology in empirical research in inflation persistence is 

using I(1) or I(0) to describe the data processes, and using Augmented Dickey Fuller 

(ADF) to test if there is a unit root in it, if there is a unit root, it means that the impact 

of shocks to the data series of inflation is permanent, then the speed of inflation's 

return to its long-run equilibrium value after a shock is slow. The models to describe 

the I(1) or I(0) processes can be AR, ARMA and ARIMA. In these methods, all data 

are supposed to be linear series and not considering the cross-sectional dependence 

and heterogeneity across panel members. This paper analyzes inflation persistence 

using recent work by Wu and Lee (2009) which tests panel unit root of non-linear 

series. This methodology employs the Kapetanios-Shin-Snell(KSS) test based on the 

panel seeming unrelated regression method(SURKSS) with a Fourier function. In 

contrast to conventional univariate unit root test and panel-based unit root test, the 

SURKSS test with a Fourier function is superior in power when the data generating 

process is highly non-linear and when there exists cross-sectional dependence and 

heterogeneity across panel members. 

The rest of this paper is organized as follows: section two presents the data, 

section three describes the methodology framework, section four discusses the 

empirical results of the test, and section five provides the main conclusions. 

 

II.Data 

Monthly data with the time span from January 1993 to January 2012 are employed in 

our empirical study. All consumer price indices, CPI (in local currency, period 

average, over previous year) for the Argentina, Chile, Columbia, Costa Rica 

Dominica, Grenada, Mexico, Saint Lucia and Saint Vincent and the Grenadines are 

taken from (IMF, International Financial Statistics). We calculate inflation rates of 

nine countries by their seasonally adjusted CPI data. Figure 1 plots the inflation rates 

series for Argentina, Chile, Columbia, Costa Rica Dominica, Grenada, Mexico, Saint 

Lucia and Saint Vincent and the Grenadines. From the figure, we do find some 

significant upward or downward trend in the inflation rate series, there seems to be 

some non-linear adjustment patterns. 

 

III. Methodology framework 

 

Panel SURKSS Test with a Fourier Function 



 

 

Breuer et al.(2001)developed a panel unit root test that involves the estimation of the 

ADF regression in a seemingly unrelated regression framework(SURADF) and then 

tests for individual unit roots within the panel members. This procedure also handles 

slope heterogeneous serial correlation across panel members. The SURADF test is 

based on the system of ADF equations which can be expressed as 
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where 1j j    , j is the autoregressive coefficient for series j and t=1,2...,T. 

Wu and Lee(2009) showed that SURADF is not feasible for panel unit root test if the 

data follows a non-linear path. Based on the idea of Kapetanios, Shin and Snell (2003), 

who applying a test（KSS） that is based on a non-linear smooth transition 

autoregressive procedure in which the null is still unit root but the alternative is 

non-linear stationarity in a time series variable, Wu and Lee(2009) develop a 

non-linear unit root test for panel data which is the Kapetanios-Shin-Snell(KSS) test 

based on the panel estimation method of SUR(SURKSS). SURKSS test is the mixture 

of Breuer et al.’s(2001) panel SURADF test and Kapetanios et al.’s(2003) 

According to Wu and Lee(2009),this non-linear panel unit root test is superior in 

power to the Breuer et al.(2001)’s test when the data generating process is highly 

non-linear. In contrast to panel-based unit root tests, which are joint tests of a unit root 

for all panel members and are incapable of determining the mix of I(0)and I(1)series 

in a panel setting, the panel SURKSS tests a separate unit root null hypothesis for 

each individual panel member and, therefore, identifies how many and which series in 

the panel are stationary processes. In applications of SURKSS, we can consider the 

use of Fourier function to characterize the non-linear trend of time series. The 

SURADF test with a Fourier Function is based on the system of ADF equations which 

can be expressed as 
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This system is estimated by the SUR procedure where the null and the alternative 

hypotheses are tested individually as 
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The rationale for selecting[
2 2

sin( ),cos( )
kt kt

T T

 
]is based on the fact that a Fourier 

expression is capable of approximating absolutely integrable functions to any desired 

degree of accuracy. Where k represents the frequency selected for the approximation, 

and ( , )i ic d   measures the amplitude and displacement of the frequency component. It 

also follows that at least one frequency component must be present if there is a 

structural break. Becker et al.(2004),Enders and Lee(2009)and Pascalau(2010)show 

that a Fourier approximation can often capture the behavior of an unknown function 

even if the function itself is not periodic. 

As this test has non-standard distributions, the critical values of the SURADF test 

must be obtained through simulations. To obtain the critical values, the experiments 

were replicated 10,000 times and the critical values of 1 per cent, 5 per cent and 10 

per cent were tailored to each of the panel members. For recent application of the 

panel unit root tests, see for example Chu et al.(2007). 

 

Test for cross-sectional dependence in panels 

 

Before estimating the models above, we first test for cross-sectional dependency. 

Breusch and Pagan (1980) propose the Lagrange Multiplier (LM) statistics 
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for testing cross-sectional dependence. where ij  is the estimated correlation 

coefficient among the residuals obtained from individual OLS estimations. 

Under the null hypothesis of no cross-sectional dependence with a fixed N and T

→∞, BPCD is asymptotically distributed as chi-squared with N(N−1)/2 degrees of 

freedom. 

The BPCD  test has a drawback when N is large, implying that it is not applicable 

when N→∞. To overcome this problem, Pesaran (2004) developed a new Lagrange 

multiplier statistic for cross-sectional dependence which is defined as following 
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Under the null hypothesis of no cross-sectional dependence with the first T→∞

and then N→∞, this test statistic is asymptotically distributed as standard normal.  

However, these two tests are likely to exhibit substantial size distortions when N 

is large relative to T. A new test for cross-sectional dependence (hereafter, CD) of 

Pesaran(2004) can be used where N is large and T is small. The CD statistic is 

calculated as follows: 
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Under the null hypothesis of no cross-sectional dependence, the test statistic is 

asymptotically distributed as standard normal. Pesaran(2004)'s approach has 

remarkable positive qualities in samples of practically all relevant sizes and remains 

robust in a variety of settings (see Pesaran, 2004). 

 

Test for slope homogeneity 

 

Second issue before estimating Eqs.(2) is to decide whether the slope coefficients 

are homogenous. In Eqs.(2), the null hypothesis of slope homogeneity-H0: i  ,for 

all i is tested against the alternative hypothesis of heterogeneity-H1: i j  ,for a 

non-zero fraction of pair-wise slopes for i j .In order to test for the null hypothesis, 

Swamy (1970) developed the slope homogeneity test on the dispersion of individual 

slope estimates from a suitable pooled estimator. 
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where i is the pooled OLS estimator, WFE  is the weighted fixed effect pooled 

estimator, M is an identity matrix, and 2

i  is the estimator of error variance, 2

i . 

However, the Swamy’s test requires panel data models where N is small relative to 

T (Pesaran and Yamagata, 2008). Based on Swamy’s test, Pesaran and Yamagata 

(2008) proposed a Delta test which is valid for small sample: 
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where the mean ( )itE z k  and the variance is var( ) 2 ( 1) ( 1)itz k T k T    . 

 

IV. Empirical Results 

Table 1 reports the summary statistics of the data studied. We found that CostaRica 

had the highest monthly inflation rate of 0.894%, and Dominica had the lowest one of 

0.157% over this sample period. The measures of skewness and excess kurtosis show 



 

that the inflation rate series are highly leptokurtic and positively skewed with respect 

to the normal distribution except Grenada, indicating that all inflation rates are 

non-normal distributed. 

 

Table 1    Summary Statistics 

 
Mean 

Media

n 

Maximu

m 

Minimu

m 

Std.De

v 

Skewnes

s 

Kurtosi

s 

Jarque-Ber

a 

Argentina 0.00515 0.00436 0.103886 -0.00752 0.00947 5.722275 54.98565 26918.11*** 

Chile 0.00381 0.00365 0.025738 -0.01302 0.00472 0.522893 5.883842 89.39701*** 

Columbia 0.00800 0.00597 0.040281 -0.00192 0.00781 1.525324 5.650214 155.1359*** 

CostaRica 0.00894 0.00886 0.041928 -0.00421 0.00614 0.950293 6.679188 162.9121*** 

Dominica 0.00157 0.00131 0.036095 -0.0177 0.00550 1.223108 11.79705 792.0349*** 

Grenada 0.00212 0.00157 0.020423 -0.03209 0.00536 -0.46573 10.7581 580.0301*** 

Mexico 0.00796 0.00566 0.079692 -0.00738 0.00971 3.316528 19.60116 3036.163*** 

SaintLucia 0.00220 0.00247 0.032339 -0.02479 0.00878 0.003089 3.892968 7.575587** 

Saint 

Vincent 

and the 

Grenadine

s 

0.00215 0.00115 0.044324 -0.0225 0.0087 1.218015 7.161592 220.9043*** 

Note : **and***indicate significance at the 5% and 1% level , respectively. 

 

Table2    Univariate unit root tests 

 ADF PP 

Argentina -4.860064*** -6.545738*** 

Chile -9.719336*** -9.852887*** 

Columbia -3.868770*** -5.545409*** 

Costa Rica -8.976874*** -9.072233*** 

Dominica -14.459101*** -14.46315*** 

Grenada -13.28161*** -13.47703*** 

Mexico -4.329405*** -4.097993*** 

Saint Lucia -15.96038*** -16.06597*** 

Saint Vincent and  

the Grenadines 
-14.73480*** -15.73985*** 

Note : ***indicates significance at the 1% level. 

 

For comparison, several univariate unit root and panel-based unit root tests are first 

employed to examine the null of a unit root in inflation rates for these nine Latin 

American countries. Table 2 presents the country-by-country for the unit root tests. At 

first sight, the individual unit test statistics seem to show that inflation rates are 

non-stationary for all nine Latin American countries.  

As we know, univariate unit root tests might have lower power when they are applied 



 

to a finite sample. In this situation, the panel-based unit root tests are found to be of 

great help provided that they allow for an increase in the power of the integration 

analysis order by combining the cross section and temporal dimensions. Tables 3 

reports the results for the panel-based unit root tests. All the statistics yield the same 

results indicating that inflation rates are non-stationary in these nine Latin American 

countries. However, there exists a serious drawback of the panel-based unit root 

tests ,i.e. they do not take the cross-sectional dependence into account . 

 

Table3    Results for panel unit root tests 

 Test Statistic P-value 

LLC（2002） -1.56997 0.0582 

IPS（2003） -4.52108 0.0000 

ADF（fisher chi-square） 57.4170 0.0000 

ADF（choi z-stat） -4.42441 0.0000 

PP（fisher chi-square） 48.1997 0.0000 

PP（choi z-stat） -3.65870 0.0000 

 

To investigate the existence of cross-sectional dependence, we carried out 

Pesaran(2004) CD test and illustrated results in Table 4. It is clear that the null 

hypothesis of no cross-sectional dependence across the members of panel is strongly 

rejected at 1% level of significance, revealing that the SUR method is more 

appropriate than country-by-country OLS estimation. The cross-sectional dependence 

tests confirm that strong economic links exist between the nine Latin American 

countries. Table 4 also reports the results from the slope homogeneity test of Pesaran 

and Yamagata(2008).The test rejects the null hypothesis of the slope homogeneity 

hypothesis, supporting the country-specific heterogeneity. The rejection of slope 

homogeneity implies that the panel causality analysis by imposing homogeneity 

restriction on the variable of interest results in misleading inferences.  

 

Table 4    Results for cross-sectional dependence tests and homogeneity. 

 
Test Statistic 

CD adj  

P=1 33.6250*** 82.0875*** 

P=2 17.3207*** 67.9144*** 

P=3 4.4823*** 38.0727*** 

Note: p为ADF（p）中的滞后阶数. ***indicate rejection of the null hypothesis at 1percent level of significance. 

 

As we stated earlier, The SURADF test with a Fourier Function is feasible for panel 

unit root test if the inflation rates follow a non-linear path, and there are 

cross-sectional dependence and heterogeneity across the inflation rates of Latin 

American Countries. 

Therefore, we proceed to test the inflation rates by using the panel SURKSS test with 

a Fourier function to investigate a separate unit root null hypothesis for each 



 

individual panel member. In so doing, we can clearly identify how many and which 

series in the panel are stationary processes. 

 

Table 5    SURKSS with Fourier unit root test of Nine Latin American Countries 

country   SURKSS 
Critical value 

1% 5% 10% 

Argentina -0.037227352 -4.21739*** -4.056819 -3.494235 -3.176510 

Chile -0.036936771 -2.87585 -4.060632 -3.515570 -3.207930 

Columbia -0.010014422 -1.47929 -4.061511 -3.438295 -3.126100 

Costa Rica -0.032781372 -2.58764 -4.039888 -3.469480 -3.155420 

Dominica -0.171070699 -5.29931*** -4.063909 -3.394325 -3.081360 

Grenada -0.088994954 -3.93567** -4.181344 -3.557790 -3.245040 

Mexico -0.027104655 -4.45899*** -3.809723 -3.190805 -2.877930 

 Saint Lucia -0.117168899 -3.74141** -4.029505 -3.483555 -3.180100 

Saint Vincent and 

the Grenadines 
-0.112236050 -3.65555** -4.138113 -3.546505 -3.234610 

Note: ** and *** indicate significance at the 5% and 1% level, respectively. Critical values are 

calculated by Monte Carlo simulation with 10,000 draws, tailored to the present sample size. 

 

Table 5 reports the results from the panel SURKSS test with a Fourier function. To 

avoid the small sample size bias, we estimate the 1%, 5% and 10% critical values, 

obtained from simulations based on observations for each series and 10,000 

replications using the lag and covariance structure from the panel of inflation rates for 

each of the nine panel members. These are also presented in Table 5. Substantially, 

Panel SURKSS with a Fourier function rejected the unit root null in inflation rates for 

six of these nine Latin African countries (i.e. Argentina, Dominica, Grenada, Mexico, 

Saint Lucia and Saint Vincent and the Grenadines), which means that there exists 

stationarity in inflation rates for the six Latin African countries. The results suggest 

that Argentina, Dominica, Grenada, Mexico, Saint Lucia and Saint Vincent and the 

Grenadines don’t show a significant degree of inflation persistence, the deviation 

from the long-run value following a shock is transitory.  

Panel SURKSS with a Fourier function do not reject the unit root null in inflation 

rates for Chile, Columbia and Costa Rica., indicating that there exists high inflation 

persistence and inflation rate cannot converge towards its long-run value following 

external shocks in these three countries. 

Figure 1 presents the time paths of the inflation rate for the nine Latin American 

countries. We can clearly observe the fluctuations in these series. Accordingly, there 

exists significant non-stationarity in some countries, such as Columbia, which is 

consistent with our SURKSS results. It is also indicated in these time series that the 

inflation rates of all nine countries are non-linear. Thus a Fourier function is applied 

to estimate initial time paths. The estimated time series of the time-varying intercepts 



 

are also shown in Figure 1. A further examination of the figures shows that even if 

there are structural breaks, all the Fourier approximations seem reasonable and 

support the notion of long swings in inflation rates. 

 

Figure 1. Time paths of inflation rate and fitted non-linearities for nine Latin American 

countries 
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Table 6 reports the estimation results of inflation persistence duration. It is clear that 

the inflation persistence in the nine Latin American countries demonstrate relatively 

high levels of duration. Among these countries, the inflation rate of Dominica takes 

the shortest average time length, i.e. 5.8 months, to return to its equilibrium level after 

external shocks, followed by Saint Lucia and Saint Vincent and the Grenadines, with 

8.5 months and 8.9 months respectively. While Columbia requires the longest average 

time length, i.e. 99.9 months, to return to its equilibrium level after external shocks. 

From the perspective of the countries’ central banks and governments, these results 

are of great significance for the formulation of inflation control policies. Columbia 

has the largest inflation persistence duration, indicating that it will take 8 years or 

even longer for the inflation rate of Columbia to return to its equilibrium level if there 

is no intervention of monetary policy or administrative means. The inflation rate of 

Columbia declined gradually before 2009, suggesting that the economic situation was 

worse year by year. However, since 2010 the inflation rate of Columbia has been 

rising and the economy has been growing fast. Under such circumstances, Columbia 

authorities successively raised the benchmark interest rate twice to force the economic 

growth to slow down, but the effect was not obvious. Therefore, the local government 

can take monetary policy combining credit type and interest rate type to control 



 

inflation more effectively. In contrast to Columbia, Dominica takes only 6 months to 

recover from the influence of external shocks, so the monetary policy can be 

relatively moderate. 

 

Table 6  Estimation of the duration of inflation persistence   

Country   Duration  t- statistic p-statistic 

Argentina -0.037227352 26.86197 -4.21739 0.00002471 

Chile -0.036936771 27.07329 -2.87585 0.00402936 

Columbia -0.010014422 99.85599 -1.47929 0.13906183 

Costa Rica -0.032781372 30.50513 -2.58764 0.00966367 

Dominica -0.171070699 5.845536 -5.29931 0.00000012 

Grenada -0.088994954 11.23659 -3.93567 0.00008297 

Mexico -0.027104655 36.89403 -4.45899 0.00000823 

Saint Lucia -0.117168899 8.534688 -3.74141 0.00018299 

Saint Vincent and 

the Grenadines 
-0.112236050 8.909793 -3.65555 0.00025663 

 

V. Conclusion 

The aim of this paper is to investigate inflation persistence in Nine Latin American 

countries over the period of January 1993–January 2012. We employ panel SURKSS 

unit root test with a Fourier function to assess the inflation persistence in Nine Latin 

American countries. Empirical results from our panel SURKSS test with a Fourier 

function indicate that a unit root in inflation rates is flatly rejected for Argentina, 

Dominica, Grenada, Mexico, Saint Lucia and Saint Vincent and the Grenadines, 

which suggest that Argentina, Dominica, Grenada, Mexico, Saint Lucia and Saint 

Vincent and the Grenadines don’t show a significant degree of inflation persistence, 

the deviation from the long-run value following a shock is transitory. On the other 

hand, Chile, Columbia and Costa Rica demonstrate high levels of inflation persistence, 

inflation rate cannot converge towards its long-run value following external shocks in 

these three countries.  
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