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Methodological Appendix 

 

Table A1.  Descriptive Statistics of Data Sets Obtained from the Ministry of 

Economics and Production, Argentina 

*N= number of monthly data points between 1994 and 2010. 

 

Section 1 

Seasonal adjustment and Outliers 

 The variables were seasonally adjusted and also had to be corrected for the 

cigarette consumption variable because there were two additive outliers for the 

months of December 1999 and January 2000. The seasonal adjustment was 

carried out using the X-12 ARIMA and the correction of outliers with the software 

TRAMO. 

Functional form 

 To select the correct functional form we carried out the PE test of 

MacKinnon, White and Davidson described in Verbeek [1] which postulates as the 

Variable N* Mean Std. Dev. Min Max 

Cigarettes per person 

older than 14 years 
204 120.71 9.38 95.77 145.63 

Packs per person older 

than14 years 
204 6.03 0.47 4.78 7.28 

Real retail price 204 2.10 0.46 1.50 3.32 

Real income per capita 204 12,803.75 3,099.50 9,456.50 22,545,76 
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null hypothesis the log-log functional form, which could not be rejected (p = 0.45) 

therefore a linear double-logarithmic form was used in the empirical analysis. 

Endogeneity 

 To be sure that we are estimating the demand for cigarettes rather than the 

supply and to clarify the possible problem of endogeneity of price variable, we 

performed the Durbin, Wu and Hausman test (for this test was used as instrument 

the monthly series of revenue of indirect taxes for cigarettes) which establishes as 

the null hypothesis that the variable (price in our case) is exogenous, an 

hypothesis that was not rejected ( 2 (1)=2.11, p=0.14). 

 

Section 2 

Introduction 

 The long-term equilibrium can be interpreted as a steady state among 

economic variables (existence of co-integration) and allows for the introduction of 

short-term changes or error correction mechanism. This shows how different 

conditions affect the changes in economic variables and thus allows the changes in 

short-term equilibrium over time to be quantified.  

 With this goal, the initial analysis verified the stability of the time series data, 

or that it has a constant mean and variance that are independent of time. Running 

the regression between variables that are not stationary can result in a spurious 

outcome. Time series that are not stationary have unit roots that reflect the 

integration order of the time series. If the variables are not stationary these can be 
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changed to stationary using a simple transformation by taking the difference of 

adjacent time periods (earlier time period is subtracted from the later time period). 

The number of times the series must be transformed corresponds to the number of 

unit roots present in the data generating process underlying the time-series. That 

is, if a series must be transformed d times before it becomes stationary, it contains 

d unit roots and is integrated of order d, denoted as I (d). [2-6] The presence of co-

integration rules out the possibility that the estimated relationship is spurious.  

 Engle and Granger [6] showed that in the presence of co-integration there 

always exists a corresponding error correction representation, which implies that 

changes in the dependent variable are, a function of the level of disequilibrium in 

the co-integrating relationship, captured by the error-correction term, as well as 

changes in other explanatory variables to capture all short-term relations among 

variables. 

Testing Unit Roots 

 Following the method of Campbell and Perron [7] to test whether the time 

series contained unit roots, we estimated the three forms of the augmented 

Dickey–Fuller (ADF) test.[2]: 
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where  , ,t t t tx Qpc RYpc RP .  The 
t  is assumed to be a Gaussian white noise 

random error and Time=1,…,T (the number of observations in the sample) is a 

term for trend. In Eq. (1) there is no constant or trend. Eq. (2) contains a constant 

but no trend. Both a constant and a trend are included in Eq. (3). The number of 

lagged differences, P, is chosen to ensure that the estimated errors are not serially 

correlated. 

 The results from the unit root tests are shown in Table A2. The first three 

rows test the null hypothesis that a series follows a unit root process or random 

walk. This implies it is non-stationary and (possibly) integrated of order one, I (1), 

rather than I (0). The second three rows test the null hypothesis that the first 

difference of a series follows a unit root. If true, one must differentiate the series 

twice to obtain a stationary process. We found that for all series in Table A2 the 

null hypothesis of a unit root in the level cannot be rejected. There is evidence that 

cigarette consumption per capita is stationary, I(0), for the ADF regression 

including a constant and a constant plus trend term (Eqs. 2 and 3). 

 However, further testing suggested that using the model without constant or 

trend was the appropriate choice. The constant term and the slope coefficient of 

the trend term were insignificant. The tests for unit roots in the second differences 

are rejected, implying that the series is I(1) and stationary in their first differences. 
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Table A2. ADF statistics testing for a unit root 

Variable 

Augmented Dickey-Fuller 

Eq-1 Eq-2 Eq-3 

LQpc -0.76 -2.42 -2.73 

LRYpc 3.31 3.28 0.42 

LRP 0.82 -0.47 -2.21 

ΔLQpc -25.03** -25.01** -24.98** 

ΔLRYpc -6.98** -7.57** -14.74** 

ΔLRP -10.96** -11.00** -11.07** 

 

All variables are in natural logarithms. The first three rows present the ADF t-tests 

corresponding to tests for unit roots in the levels of the series. The last three rows 

report the ADF t-test results for testing whether the first difference has a unit root. 

A rejection implies that the first difference of the series is a stationary process. The 

last three columns refer to Equations (1)–(3) above described, which are ADF 

regressions with no constant, a constant and a constant plus trend, respectively. 

The critical values for the t-tests at 5% are y -1.94, -2.88 and -3.44, respectively; at 

1% they are -2.58, -3.48 and -4.04, respectively. Rejections at the 5 and 1% critical 

values are denoted as * and **, respectively. The critical values for this table are 

calculated from MacKinnon [8]. The lag length structure of i of the dependent 

variable tx  is determined using a recursive procedure in the light of a Lagrange 
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multiplier (LM) autocorrelation test (for orders up to 13), which is asymptotically 

distributed as chi-squared distribution and the value of t-statistic of the coefficient 

associated with the last lag in the estimated auto-regression. 

 

 

Section 3 

Co-integration Test 

 To test for co-integration, we used the Johansen-Joselius maximum 

likelihood approach [5] employing both the maximum eigenvalue and trace statistic. 

The results from the co-integration test showed that both maximum eigenvalue and 

trace test statistics imply that there was one co-integration vector among cigarette 

consumption, disposable income and price. 
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Table A3. Johansen-Juselius Co-integration Test 

Trace Statistics       

Null Alternative                Trace 
         0.05          0.01 

Critical Value Critical Value 

 r=0    r>=1**                 99.79        42.44 48.45 

r=<1 r>=2                 24.31        25.32 30.45 

r=<2 r>=3                  7.41        12.25 16.26 

          

Maximun Eigenvalue Statistics 

   

Null Alternative Eigenvalue 
          0.05          0.01 

Critical Value  Critical Value 

 r=0        r=1** 75.48          25.54 30.34 

r=<1 r=2 19.60          18.96 23.65 

r=<2 r=3 7.41          12.25 16.26 

     r indicates the number of co-integrating relationships. **Denotes rejection of the     

hypothesis at the 1% level. 
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Figure A1 

Simulation graph 
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Figure A1: Revenue from alternative rates of cigarette tax and total cigarette consumption
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