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Abstract: The primary objective of this study is to estimate the price elasticity of cigarette demand in 

Montenegro, as an important input for a tax policy targeted to reduce tobacco consumption. The 

estimation was conducted using annual time series aggregate data on cigarette consumption, cigarette 

prices, income, and public policies from 2001 to 2017. The long-run and short-run elasticities of cigarette 

demand with respect to price and income are empirically investigated using a conventional static 

demand model, presented in a linear functional form, by applying Error Correction and ARDL time series 

methodology. Empirical results suggest that in the long and short run the demand for cigarettes in 

Montenegro is affected by changes in prices and that this responsiveness is in range with the results 

obtained in similar studies done in low and middle-income countries. Results indicate that an increase in 

cigarettes prices and effective tobacco tax policy represents important factors that influence the 

reduction of the demand for cigarettes in Montenegro. 

Keywords: tobacco consumption; price; elasticity; income; Montenegro 

 

5.1. Introduction 

 
The primary objective of this part of the study is to estimate the price elasticity of cigarette demand, as 

an important input for a tax policy targeted to reduce tobacco consumption. Estimated price elasticity of 

the demand for cigarettes can serve as valuable and important information for policymakers, to be able 

to assess and simulate the effect of imposing changes in cigarette taxes on cigarette consumption. 

Besides this, estimation of price elasticity also has a significant role for more precise prediction of 

changing government revenues induced by changes in cigarette taxes. Some of recent studies have 

shown that combination of tax increases, informational campaigns, restrictions of smoking in public 

places and other similar measures directed toward reducing tobacco consumption, could reduce 

considerable amount of smoking-related deaths (around 115 million) in low and middle income 

countries by 2050 (Abascal ,W., Esteves , E., Goja, B., et al., 2012). Since tobacco taxes are one of the 

most important and effective measures directed toward reducing tobacco use, researches related to the 

estimation of price elasticity of cigarette quantity demanded are getting growing attention from the 

academy, government, and tobacco industry. 

Methodology for estimating the price elasticity of cigarette demand largely depends on the quality and 

availability of consumption and price data, socioeconomic characteristics of country and characteristics 

of the tobacco market. If we summarize results of a number of studies that deal with the issue of 

estimating the price elasticity of cigarette demand, one can see that price elasticities are higher in 
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developing countries than in developed, due to the higher sensitivity of people to price changes induced 

by relatively lower income. The range of estimated short-run price elasticity in recent conventional 

models done for low and middle-income countries goes from –0.2 to –0.8. Regarding the short-run 

price elasticity for cigarette demand in high-income countries, most estimates ranging from –0.2 to 

–0.6, with long-run elasticity about twice as high (U.S.NCI and WHO, 2016).  

Despite indisputable need and usefulness of such studies and price elasticity estimations, this kind of 

researches for Montenegro and countries in the region are still missing. By this study we will try to 

partially fill that gap, providing price elasticity estimates based on available annual data in period 2001-

2017.  

The econometric model of cigarette demand function that is used in this research is theoretically based 

on the law of demand, and its final specification is done using inputs from analysis of different aspects of 

the market for tobacco products in a Montenegro, given in previous chapters. According to this 

fundamental economic concept, the inverse relationship between price and consumption is expected, so 

that the quantity demanded is negatively associated with an increase in cigarettes price. Besides price, 

quantity demanded can also be influenced by changes in consumer income, prices of substitute and 

complementary products, as well as some other consumers personal characteristics such us, tastes and 

addictive behavior. Due to the lack of data for more complex models, we used a conventional static 

demand model, by which price elasticity is determined within the single period (Wilkins, Yurekli and Hu, 

2004). 

In this research, we focused on the determination of price and income elasticity, as two main factors of 

cigarettes quantity demanded. Besides that, we also examined the influence of the other factors that 

could have an important effect on cigarette demand, such as changes in tax policy, level of education, 

and unemployment rate. A similar approach was used in studies done by Ross H. and Al-Sadat N., 2007;  

Martinez E.,  Mejia R. and Pérez-Stable E., 2015; Rodríguez-Iglesias G, Schoj V, Chaloupka F, Champagne 

B, González-Rozada M., 2017. We employed an Error Correction model to estimate elasticity, while the 

consistency of our results is confirmed by applying an Autoregressive Distributed Lag (ARDL) 

cointegration framework. 

The rest of this chapter is organized as follows. The second section describes the data and their sources. 

The third section presents methodology applied step by step through three subsections: an examination 

of time series properties of data, cointegration testing and specification of cigarette demand function. 

The results of our analysis along with discussion are presented in the fourth section, while the fifth 

section demonstrates the robustness of our estimates. The sixth section concludes this analysis. 

 

5.2. Description and sources of data 

 
To estimate the sensitivity of cigarette demand to price and income changes we used annual time series 

aggregate data from 2001 to 2017 available in Montenegro. Since data in higher frequency were not 

available (and in some cases data for some years were even missing), we conducted our analysis using 

annual data. As a consequence of limitations inherent to small sample analysis, in different versions of 
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the model specification, we restricted the number of independent variables to the maximum of three 

not to lose too many degrees of freedom.  

As the dependent variable, we used the annual cigarette consumption per adult population2 (consum). 

This measure of cigarette consumption was preferred and used in this analysis because, even though 

young people also use tobacco products, adult population presents the dominant majority of smokers, 

on the one hand, and due to an important increase of the adults share in the total population, on the 

other hand. These two facts together make use of tobacco product per capita less useful as a measure of 

tobacco product relative consumption.  

The number of cigarettes per adult is obtained by dividing a total number of cigarettes sold in the 

country by the total number of adults. The number of adults in Montenegro in a particular year was 

obtained from World Bank World Development Indicators (WDI, World Bank, last update 28.06.2018.).  

The total number of cigarettes used in the country in any particular year is approximated by the number 

of cigarettes sold, which is derived from the number of cigarettes excise stamps sold to retailers and 

wholesalers. Data for a number of excise stamps sold in particular years are obtained by aggregating 

monthly data, which are obtained from the Ministry of Finance. One excise stamp is equal to one pack of 

cigarettes or, more precisely, to 20 cigarettes. Note that in Montenegro, same as in other countries in 

the region, almost all kind of cigarettes are packed and sold in packs with 20 cigarettes. To be precise, a 

certain amount of so-called “slim” cigarettes, one with the much smaller quantity of low nicotine 

tobacco, are sold in a pack of 10 cigarettes. However, the amount of “slim” cigarettes sold is almost 

negligible, and we run our estimation by assuming that all stamps are applied to 20 cigarettes packs. So, 

the total consumption is calculated by multiplying the number of excise stamps by 20 cigarettes. This 

calculation is based on the assumption that the number of excise stamp sold is equal to the number of 

pack of cigarettes consumed. This assumption can be misleading and problematic especially at the 

monthly and quarterly level: first excise stamp can be sold and applied on a pack of cigarette sold in one 

period and pack of cigarettes sold in the next period and, second, pack of cigarettes with stamps applied 

can be sold in one period and consumed in the next period. At the yearly level, however, this 

assumption is almost absolutely safe and acceptable. Yearly data are obtained by aggregating monthly 

data which itself vary substantially from one to another month.  

The problem with a number of excise stamps sold is that Ministry of Finance possesses only data for 

years (and all months) from 2006. Therefore, for the first five years of our time series, we estimated the 

number of cigarettes sold using backward extrapolation based on the rate of growth of the number of 

smokers in Montenegro. Data for a number of smokers is calculated using smoking prevalence data 

given in World Bank WDI (WDI, World Bank, last update 28.06.2018.). Smoking prevalence data are 

available for 2000, 2005, and for all years after 2010. Number of smokers in missing years is therefore 

estimated using interpolation based on the appropriate growth of a number of smokers.  

In all versions of cigarette demand specifications, we included two main independent variables – the 

real tobacco consumer price index (rtobcpi), and income (approximated in the base model by GDP per 
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capita in constant prices (GDPpc), and by the gross national product (GNI) per capita in the alternative 

model testing the robustness of the estimates).  

The real tobacco consumer price index used here is obtained from statistical indexes calculated and 

recorded by MONSTAT (Montenegrin official statistic service) within the regular project of measuring 

Consumer-Price-Index (CPI). This measurement is mainly based on EUROSTAT methodology. According 

to that methodology, CPI is calculated as an average weighted arithmetic index of indexes calculated for 

prices of different products and services (𝐶𝑃𝐼 =
∑ 𝑤𝑘 𝐼𝑘𝑘

∑ 𝑤𝑘  𝑘
⁄ , where 𝑤𝑘 presents weight while 𝐼𝑘 

presents a monthly index of a product k). Weights are supposed to measure share of respected products 

or services in household consumption as estimated in the 2011 year, meaning the that weights are fixed. 

One of these products are cigarettes.  

Tobacco price indexes, as well as other product price index, are calculated as chain index for different 

successive periods (𝐼𝑘 = 𝑝𝑘𝑡 𝑝𝑘0⁄  where 𝑝𝑘𝑡 and 𝑝𝑘0 stands for price of the respective product  at the 

end and at the beginning of the month). On the other hand, cigarette (as well as other products) prices 

in certain periods are calculated as the geometric weighted average price for five cities in Montenegro, 

where weights refers to share of the respected cities in tobacco (or other products) consumption 

(𝑝𝑘𝑡 = ∏ 𝑝𝑘𝑔𝑡

𝑤𝑔

∑ 𝑤𝑔
𝑔 , where 𝑝𝑘𝑔𝑡 presents price of the respected product at period t in the city g while 𝑤𝑔 

stands for weight for the respected city). Average price of the cigarettes (and other products) in 

respected cities, on the other hand, are calculated as the un-weighted geometric average of the 

different brands in respected cities in that period recorded at different stores, i (𝑝𝑘𝑔𝑡 = ∏ 𝑝
𝑖𝑡

1

𝑛
𝑛 ). In 

MONSTAT methodology it is explained that a number of brands for every single product cannot be 

smaller than 3 and higher than 10. Same apply for cigarettes although there is no data either on a 

number of cigarette brands or on the name of brands. Needless to say, however, those are brands most 

commonly used by consumers.  

MONSTAT reports on Consumer-Price-Indexes (CPI) as well as on tobacco consumer price indexes are 

made on the monthly and on a yearly basis. For this econometric analysis, only yearly calculated reports 

are used. Since both kinds of indexes are given as chain indexes, we converted them in cumulative 

(base) indexes with 2001 as a reference year (2001=100%). Finally, in order to get real (or relative) 

tobacco consumer price index we divided tobacco consumer price index with general Consumer-Price-

Index (CPI).  

It is important to note that for period 2001-2006 MONSTAT, instead of using the above-explained 

methodology for producing Consumer Price Indexes for tobacco and general price data, produced data 

based on Cost of Living methodology. The analysis shows that for several years for which both kinds of 

data (CPI and Cost of Living) exist there is almost overlapping of two kinds of indexes. Considering that, 

we used those Cost of Living data as an adequate approximation and substitution for tobacco CPI and 

general CPI in period 2001-2006. 

Data for GDP per capita in constant prices in local currency units have been collected from IMF World 

Economic Outlook Database, and data for gross national income per capita, expressed in PPP constant 
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2011 international dollar, were taken from World Bank World Development Indicators (WDI, World 

Bank, last update 28.06.2018.).  

In a group of control variables, we included other potentially influential factors on cigarette demand 

such us tobacco control policy, enrolment in tertiary education, unemployment percentage, male to 

female ratio, survival to age 65 for male (given as % of cohort) and survival to age 65 female (given as % 

of cohort).  

To capture the influence of the tobacco control environment on tobacco consumption in Montenegro in 

the observed period 2001-2017, we formed a set of policy or event variables. To capture the effect of 

the adoption and later amendments of Law on limiting the use of tobacco products3, we constructed 

four control variables. Henceforth, we will call them as a group of regulatory variables that comprises 

of: 

 Variable reg1, which was constructed to take value 1 for 2004-2011 reflecting the period from 
the adoption of Law until its first amendments4, and the zero value for the remaining years.  

 Variable reg2, that was constructed to take value 1 for period 2011-2016, to take into account 
stricter bans of tobacco advertising, sponsorship, marketing, selling and promotion, as well as 
on tobacco use in public spaces defined by Law amendments in 2011, and the zero value for the 
remaining years. 

 Variable reg3, that was constructed to take value 1 for period 2016-2017, to take into account 
Law changes implemented by last amendments in 2016, and the zero value for the remaining 
years. 

  Variable regulatory, that represent the cumulative effect of these three variables, and measures 
the overall influence of Law on limiting the use of tobacco products on cigarette consumption. 
This variable was constructed to take value 1 for period 2004-2011, value 2 for period 2011-
2016, value 3 for period 2016-2017, and the zero value for the remaining years. 
 

A measure of enrolment in tertiary education represents the education level of a country. It is 
approximated by the ratio of the enrollment in tertiary education (regardless of age) to the population 
of the age group that officially corresponds to tertiary education attendance.  
 
Percentage of unemployment is expressed as a share of the total labor force, while employment is 
expressed as a percentage of total population older than 15 years, and both indicators represent 
International Labor Organization estimate. Survival to age 65 refers to the percentage of a cohort of 
newborn infants that would survive to age 65, if subject to age-specific mortality rates of the specified 
year. This data came from World Bank World Development Indicators (WDI, World Bank, last update 
28.06.2018.).   
 

5.3. Methodology  

 

5.3.1. Time series properties of data 
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The first necessary step in the analysis is an examination of the time series properties of each variable, 

in order to be able to choose an adequate econometric model for estimation of tobacco demand 

function. Variables used in this study are most commonly non-stationary. Although this length of the 

time series can be considered quite short for analyzing stationary condition, the presence of unit roots 

was nevertheless tested. To avoid the problem of spurious regression stationarity or nonstationarity of 

variables was tested using an augmented Dickey-Fuller (ADF) test. It should be noted that in small 

samples like this, all of unit root tests could have lower power. 

We perform the sequential procedure of ADF unit root testing at the levels and the first differences of 

the data series. Starting from the broad regression that includes both an intercept and a linear time 

trend (Eq.5.2), we continue unit root testing using regression with only intercept included if the trend is 

insignificant, and finally regression without trend and intercept if intercept insignificance was also 

confirmed (Dragutinovic-Mitrovic, R. and Jovicic M., 2011).  

t

p

i
ititt ytyy   




2
1110        (5.2) 

Different critical values of the Dickey-Fuller statistics are used for testing the hypotheses γ = 0, 

depending on whether an intercept and/or time trend is included ( t ,  and  ). Additionally, we 

applied three Dickey-Fuller F-statistics ( 1 , 2  and 3 ) to test joint hypotheses on the equivalency with 

zero of coefficients of deterministic components and γ (Enders, 2004). Table 5.1 reports only results of 

final ADF test statistics that were obtained at the end of this testing process. More detailed results of 

the other tests are available upon request. A number of used lags were defined using AIC criteria.  

Considering that almost all data showed possible structural breaks (what can be seen for consumption, 

tobacco price, GDP per capita variable given in Figure 5.1, 5.2 and 5.3), we also implemented Zivot-

Andrews Unit Root test allowing for a single break in intercept and/or trend. Zivot and Andrews (1992) is 

an endogenous structural break test which uses the minimal value of t-statistic and its critical value from 

an ADF test of the unit root as an indication of a break date (Byrne, J.P., and Perman, R. 2007)). The 

variables' plots give an indication that non-stationary in levels can be expected. 

Figure 5.1. The annual number of cigarette consumption per adult in Montenegro 2001-2017 

 

Source:  Ministry of Finance Montenegro 

http://eprints.gla.ac.uk/view/author/7074.html
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Figure 5.2. Real tobacco CPI from 2001 to 2017 

 

Source: Statistical Office of Montenegro 

Figure 5.3. GDP per capita in constant prices (LCU) 

 

Source: World Economic Outlook – IMF 

The results of the unit root tests are given in Table 5.1: 

Table 5.1. Results of ADF and Zivot-Andrews unit root test 

 Augmented Dickey-Fuller Zivot-Andrews Decision 
Level/first 

dif. 
Variables  ADF t-test statistic 

H0: variable has a unit root 
 

Determin
istic part 

Minimum t-statistic 
H0: variable has a unit 

root with a structural break 
in the intercept/trend 

 Level Z(t) First dif. Z(t)  Level Z(t) First dif. Z(t)  

Main variable 

Consumption  0.2738 -2.7254** intercept -2.791 -5.625*** I(1)/I(0) 

Real tobacco CPI 0.4641 -2.7324*** intercept -1.891 -4.190* I(1)/I(0) 

GDP per capita -0.6787 -2.4279** intercept -3.013 -9.784*** I(1)/I(0) 

Gross national income -0.3520 -3.0650*** intercept -3.139 -8.962*** I(1)/I(0) 

Control variable 

Regulatory  1.1677 -3.7416*** none -3.816 -4.925** I(1)/I(0) 

Reg1 -1.0741 -3.7416*** none -4.349 -9.661*** I(1)/I(0) 
Reg2 -1.2909 -37416*** none -3.608 -9.926*** I(1)/I(0) 
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Male/female ratio -4.032** -3.3948** Trend/int
ercept 

-6.740*** -5.835*** I(0)/I(0) 

Education 0.5084 0.1077 none -4.505 -4.683 I(1)/I(1) 

Unemployment % -1.8731* -1.9957* none -8.341*** -4.843* I(0)/I(0) 

Employment % 1.0840 -2.1657** none -4.785 -4.714 I(1)/inconcl
usive 

Note: Z(t) is compared with adequate test critical values;*** indicates rejection of H0 at the 1% significance level, 

**5% significance level, and * 10% significance level; critical values of Dickey-Fuller t statistics ( t ,  and   ) and 

F statistics ( 1 , 2  and 3 ) at the 1%, 5%, and 10% significance level is used. Optimal lag length is chosen by using 

Akaike’s information criterion. Source: own calculation 
 

Based on the results reported in Table 5.1, it can be concluded that both tests indicated the presence of 

a stochastic trend in levels of all variables with the exception of male/female ratio unemployment. If we 

look at the first differences of the variables, the stationarity is observed except for Education that is 

stationary only in second difference (Z(t)=-2.3873, p=0.0212). Employment proved to be non-stationary 

at the level, but tests for the first difference are ambiguous. Considering the higher power of Zivot 

Andrews test in case of presence of possible structural breaks, we accept as a final decision that we 

cannot reject the null hypothesis of a unit root for the first difference of employment variable. In 

addition, even the second difference in the employment variable is non-stationary. In addition to 

variables presented in Table 5.1, we additionally tested stationarity of the variables survival to age 65 for 

male (given as % of cohort) and survival to age 65 female (given as % of cohort survival) and found them 

to be integrated at the second order I (2). Correlogram of variables confirmed the results of all 

stationarity tests. 

Given the unit root test results, we use only the Main variables presented in Table 5.1, as well as all 

Regulatory as a control variable for our analysis going forward. To check the robustness of our results, 

we also employ gross national income instead of GDP per capita.  We use some stationary variables 

(male to female ratio and unemployment) as controls in the ARDL model because the model allows for a 

mixed orders integration. The variables with a higher level of non-stationary (e.g., integrated at second 

order I (2) or higher) were not included in the model.  

5.3.2. Cointegration 

 
After the conclusion that we cannot reject the null hypothesis of a unit root for main variables in levels, 

but can reject it for the first difference, we tested the existence of cointegration. We checked whether a 

linear combination of three or more individually non-stationary time series is itself stationary using 

Engle-Granger and Johansen tests. If they are found to be cointegrated, then long-run equilibrium 

relationship among them exists, and long run-elasticity can be derived from the cointegrating relation. 

More precisely, the existence of one vector of cointegration implies that the cigarette demand function 

can be estimated from an Error Correction Model (ECM), which takes into account both long-run 

variables relationship and their short-run dynamics. 

Engle-Granger procedure implies testing of stationarity of model’s residuals employing the ADF test. 

Results of the test for different specification are given in Table 5.3. Tests confirm the stationarity of 

residuals for all five given a long-term linear combination of variables, at the 1% to 5% significance level. 
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To confirm results, and check number of the cointegrating equation, we also applied the Johansen 

cointegration test. Table 5.2 reports results of Johansen cointegration test for variables in two preferred 

models - Model I (that includes two independent variables- real tobacco CPI and GDP per capita) and 

Model IV (that also includes second regulatory variable – reg2) given in Table 5.3.  

Table 5.2. Results of Johansen co-integration tests. 

Model I 

Null 
Hypoteses Eigenvalue 

Trace 
Statistic 

0.05 
Critical 
Value 

Prob.* Max-Eigen 
0.05 

Critical 
Value 

Prob.* 

H0: (R=0)*  0.793637  30.15040  24.27596  0.0081  25.24991  17.79730  0.0032 

H0: (R≤1)  0.213771  4.900492  12.32090  0.5815  3.848109  11.22480  0.6527 

H0: (R≤2)  0.063658  1.052383  4.129906  0.3544  1.052383  4.129906  0.3544 

Model IV 

H0: (R=0)*  0.906872  47.60411  40.17493  0.0076  37.98046  24.15921  0.0004 

H0: (R≤1)  0.330817  9.623647  24.27596  0.8763  6.427171  17.79730  0.8631 

H0: (R≤2)  0.175564  3.196476  12.32090  0.8226  3.088894  11.22480  0.7739 

**MacKinnon-Haug-Michelis (1999) p-values; R is the number of the cointegrating equation. *indicates the 
rejection of the null hypothesis at the 5% level. Optimal lag length is chosen by using Akaike’s information criterion 
Source: own calculation 

It can be seen, from results of Max-Eigen and Trace statistics, that the null hypothesis of no 

cointegration vector can be rejected and that test indicates one cointegration equation at the 5% 

significance level. Besides these tests, correlogram of residuals also indicates their stationarity. 

5.3.3. Cigarette demand function specification  

 
Considering that the observed main data series represent an integrated process of the first order I (1), 

that they are cointegrated and that there is one vector of cointegration, we can proceed to estimate the 

long-run and short-run relationship between variables. We estimate cigarette demand function using 

the Engle-Granger two-step method (Engle &Granger, 1987). In the first step, the long-run equilibrium 

function is estimated. The following linear functional form for the long-run equilibrium cigarette 

demand function was employed: 

ttttt ZIPY   210          (5.2) 

Where tY is the aggregate consumption of cigarettes per adult population; tP is real tobacco CPI; tI

represent income defined as a GDP per capita in constant prices, tZ is a vector of different control 

variables including tobacco policy changes and t is a stationary error with zero means. We derived 

long-run price and income elasticity from the 0  and 1 coefficients. Because our model is specified in 

the lin-lin functional form, price (income) elasticity is calculated by multiplying the estimated price 

(income) coefficient in Eq.5.2 by the fitted values of price (income) and divided by fitted values of 

consumption quantity. Time trend is not included because of the economic nature of tobacco 

consumption, and the results of previously done tests (Wilkins, Yurekli and Hu, 2004). 
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In the short-run variables can be out of steady state, but it is expected that if they are cointegrated, they 

will restore themselves to their long-run equilibrium in the following period whenever some deviations 

and misalignment occurs. The existence of cointegration allows us to estimate the second step of the 

Engle-Granger method - Error correction model (ECM). As ECM is a short-run model, all variables must 

be stationary. Therefore, we used the first-differenced variables (main and control) and lagged residuals 

from the long-run equilibrium cigarette demand function from the first step. General representation of 

short-run ECM model is as follows (Mladenovic, Z and Nojkovic, A., 2012): 

tktktktkt

ktktktkttt

ZZII

PPYYuY

141413131

2121111110

........

........











  

 

where k is the numbers of lags; Δ is the difference operator;  ’s are parameters to be estimated; t1 is 

the error term; 1tu  is error correction term that represents residuals from the long-run equation while 

its coefficient 0 measures the speed of adjustment toward equilibrium in the long-run. In order to 

restore a steady state speed of adjustment coefficient should be less than zero (Eltony, M.N., 1995). An 

optimal number of lags can be determined using one of the information criteria (Pantula et al.), but 

considering that our sample is small and frequency of data is annual, we choose to use one lag in the 

specification of ECM, to avoid losing too many degrees of freedom. 

tttttt ZIPuY 114131210           (5.3) 

We derived short-run price and income elasticities from the 2  and 3 coefficients, using procedure 

similar to the one explained for the long – run model. 

 
5.4. Results and discussion - the ECM model 

 
Results of the long-run estimated coefficients for different versions of cigarette demand function are 

given in Table 5.3. The first column represents Model I, which includes all main variables: consumption 

as a dependent variable, real tobacco CPI and GDP per capita as an independent. In the second column, 

we reported the estimated coefficients of a cigarette demand function extended to incorporate the 

influence of all regulatory changes. The remaining columns from 3 to 5 represent estimated coefficients 

from models in one regulatory variable at a time.  

Table 5.3. Long-run cigarette demand function  

 (1) (2) (3) (4) (5) 
VARIABLES consumption consumption consumption consumption consumption 

      
rtobcpi -18.2502*** -17.5453** -12.0288* -16.0494*** -21.1202*** 
 [-4.31348] [-2.82932] [-1.95286] [-3.91479] [-4.41991] 
GDPpc -1.2197*** -1.1487* -1.4702*** -1.1464*** -1.2644*** 
 [-3.81840] [-2.08069] [-4.07150] [-3.84033] [-3.99958] 
Regulatory  -67.2297    
  [-0.16081]    
Reg1   471.9384   
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   [1.35595]   
Reg2    -495.9591*  
    [-1.82364]  
Reg3     582.0451 
     [1.21987] 
Constant 10,557.88*** 10,280.19*** 10,372.01*** 10,104.84*** 11,081.23*** 
 [11.89662] [5.25387] [11.88280] [11.76956] [11.39837] 
Observations 17 17 17 17 17 
R-squared 0.88443 0.88466 0.89875 0.90797 0.89630 
Adj. R-squared 0.868 0.858 0.875 0.887 0.872 

Dickey-Fuller test for 
unit root - residuals 

Test statistic 
Z(t)= -2.416 

Test statistic 
Z(t)=-2.403 

Test statistic 
Z(t)= -2.912 

 

Test statistic 
Z(t)= -3.018 

 

Test statistic 
Z(t)= -2.868 

 

Hausman test 
m-statistic 

       -------- m=0.103 m=91.106 m=1.88 m=0.98 

Note: t-statistics in brackets;*** p<0.01, ** p<0.05, * p<0.1; Interpolated Dickey-Fuller: 1% critical values is -2.66, 

5% critical values is -1.950, 10% critical values is -1.600; Source: own calculation 

To test the possible endogeneity of the price variable, with the aim to avoid biased OLS estimates, we 

used the Hausman test. From calculated m test statistic given in the last row of Table 5.3, we can 

conclude that null hypothesis that price is exogenous cannot be rejected, considering that calculated 

statistic is below the critical value of 6.63. Only in case of Model III exogeneity is rejected. Due to a low 

number of variables we were not able to test endogeneity of price for Model I. Besides models shown in 

Table 5.3, we also estimated models with a male to female ratio and unemployment as a control 

variable, despite stationary at the level of these variables. Results are not reported, because in a model 

with a male to female ratio price exogeneity is rejected (Hausman m statistic is 15.807), and in a model, 

with included unemployment variable we detected high multicollinearity between the unemployment 

rate and GDP per capita (mean VIF=17.67).  

The results given in Table 5.3 show that regardless of the method used, there is a negative and 

statistically significant impact of both independent variables of main interest in our analysis, real 

tobacco CPI (rtobcpi) and GDP per capita (GDPpc ), on cigarette demand, with slight variations in 

coefficient value. The coefficient of the regulatory variable in Model IV (reg2), which represents tobacco 

control regulations in place from 2011 to 2016, is statistically significant at the 10% and negative, 

suggesting that these regulations had a negative impact on cigarette consumption.  Taking these results 

into account, we restricted our further elasticity determination on reported models I, II and IV. Models I 

and IV were chosen based on the significant influence of all independent variables on consumption. We 

also kept Model II, because this model controls for the sum of all regulatory changes at once.  

Based on the results given in Table 5.3 we calculated the long-run price and income elasticity. We also 

derived bootstrapped confidence intervals for our price and income coefficient, using 500 replications. 

The results are given in Table 5.4. 

 Table 5.4. Long-run price and income elasticity of demand for cigarettes 

Long-run Model I Model II Model IV 

Price elasticity -0.81627*** -0.78474** -0.71783*** 

Price elasticity bootstrapped (500 -0.82326 -0.80572 -0.68115 
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replication) (±0.022)*** (±0.020)** (±0.021)*** 

Income elasticity -1.3676*** -1.28799* -1.28546*** 

Income elasticity bootstrapped (500 
replication) 

-1.3949 
(±0.035)*** 

-1.35809 
(±0.059)* 

-1.29661 
(0.036)*** 

Note: *** p<0.01, ** p<0.05, * p<0.1; Source: Own calculation 

From the results reported in Table 5.4, we can see that the values of price elasticity ranging from -0.71 

to -0.82.  The model I does not control for policy changes, so estimated elasticity is higher. If we consider 

the bootstrapped values, we can conclude that lower and higher bound of price elasticity are -0.68 and -

0.82. This means that other things equal, 1% increase in price will lead to a 0.68% decline in cigarette 

demand. The income elasticity of cigarette demand is negative ranging from -1.28 to -1.36 (or -1.29 to -

1.39 if we take the bootstrapped values).  

Comparing the results of estimated long-run price elasticity with similar studies, we can conclude that 

our estimates are in line with the estimates obtained from a sample of developing countries. Early 

studies (appeared in the 1990s) of low and medium income countries, showed a wide range of long-run 

price elasticity (from –0.37 to –1.52). Research in recent years (the 2000s) indicates that range of price 

elasticity estimates narrowed somewhat, but still suggesting that cigarette demand in developing 

countries is much more responsive to price than cigarette demand in high-income countries. (U.S.NCI 

and WHO, 2016). 

The estimated negative income elasticity of cigarette demand is not unusual the more developed a 

country is. It is also in line with some of the recent studies using data from developing countries, where 

the significance and the sign of income elasticity were ambiguous, ranging from a statistically significant 

positive to statistically significant negative impact of income on tobacco consumption. (Wilkins, Yurekli 

and Hu, 2004). If income elasticity has a negative sign, as it is the case in our models, then tobacco is 

considered an “inferior” good, with poor people consuming more than rich people. (U.S.NCI and WHO, 

2016).  More precisely, negative sign of income elasticity may refer to non-linear relationship between 

income and consumption - at the lower level of income, increase in income increases consumption 

(although, it may not mean increase in the number of sticks, but upward substitution to more expensive 

cigarettes), but once income reaches certain turning point, higher income starts means a healthier life-

style and negative relationship with tobacco consumption. 

On the other side, it is also likely that negative sign of income elasticity is due to the fact that the income 

variable, in the long run, is capturing the impact of other variables omitted from the model that we 

could not include due to both the length of the time series and the stationarity tests for possible 

controls. An additional possible reason for a negative sign of income elasticity is that we do not control 

in our models for cross-border trade and illicit trade in tobacco products. 

Results of short-run coefficients for three chosen models, along with the post-estimation test, are given 

in Table 5.5 

Table 5.5. Short-run cigarette demand function 

 Model I Model II Model IV 

VARIABLES D.consumption           D.consumption         D.consumption 
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D.rtobcpi  -11.6823** -11.4189** -10.4048** 

 [-3.0060] [-2.8529] [-2.2670] 

D.GDPpc 1.6024*** 1.6212*** 1.4639** 

 [3.7562] [3.6473] [2.9808] 

D.regulatory   22.2825  

  [0.1586]  

D.reg2   -315.0525 

   [-1.7817] 

L.Residuals -0.4877*** -0.4813*** -0.5186** 

 [-3.7870] [-3.5481] [-2.9722] 

Constant -312.1770*** -320.1762*** -296.3014*** 

 [-3.8798] [-3.7256] [-3.1343] 

Observations 16 16 16 

R-squared 0.7648 0.7674 0.7265 

Adj. R-squared 0.706 0.683 0.627 

Breusch-Pagan/ Cook-Weisberg test 
for heteroskedasticity 
Ho: Constant variance 

chi2(1) = 0.78 
Prob > chi2  =   0.3761 

chi2(1) = 0.92 
Prob > chi2  =   0.3363 

chi2(1) = 1.53 
Prob > chi2  =   0.2156 

Durbin's alternative test for 
autocorrelation 
H0: no serial correlation 

Prob > chi2  =   0.9648 
chi2(1) = 0.002 
Lags 1 

Prob > chi2  =0.9589 
chi2(1) = 0.003 
Lags 1 

Prob > chi2  =0.577 
chi2(1)= 0.447 
Lags 1 

Breusch-Godfrey LM test for 
autocorrelation 
H0: no serial correlation 

Prob > chi2  =   0.9576 
chi2(1) = 0.003 
Lags 1 

Prob > chi2  = 0.9480 
chi2(1)=0.004 
Lags 1 

Prob > chi2  = 0.874 
chi2(1)= 0.3500 
Lags 1 

Ramsey RESET test 
Ho:  model has no omitted variables 

F(3, 9) = 2.30 
Prob > F =0.1460 

F(3, 9) = 2.05 
Prob > F =0.1852 

F(3, 9) = 3.41 
Prob > F =0.0734 

Skewness/Kurtosis tests for Normality 
Ho: normality 

adj chi2(2)= 0.44 
Prob>chi2= 0.8025 

adj chi2(2)= 0.51 
Prob>chi2=  0.7760 

adj chi2(2)= 1.96 
Prob>chi2= 0.0734 

Jarque-Bera normality test 
Ho: normality 

Chi(2)= 0.5193 
Prob>chi2= 0.7713 

Chi(2)= 0 .5464 
Prob>chi2= 0.7609 

Chi(2)= 0.6319 
Prob>chi2=  0.7291 

Mean VIF 1.22 1.19 1.31 

Note: t-statistics in brackets;*** p<0.01, ** p<0.05, * p<0.1; Source: Own calculation 

The results in Table 5.5 show a negative and significant impact of cigarette price on consumption 

meaning that even in the short run higher price will have a negative effect on cigarette consumption. 

Income coefficient is positive and significant implying that in a short-run an increase of GDP per capita 

leads to higher cigarette consumption. None of the coefficients of the regulatory variables are 

statistically significant (Model II and IV). 

The coefficient of lagged residuals from long-run equation represents the error correction coefficient 

that measures the speed of adjustment toward the equilibrium. Estimates of this coefficient in all 

reported models are significant, negative and less than 1 in absolute value, indicating that after a short 

run response to a change, consumption monotonically converges back towards its long-run equilibrium. 

The result that the speed of adjustment is statistically different from zero can serve as one more proof 

that cointegration exists (Granger, 1986). The adjustment parameters in our preferred Models I and IV 

are respectively  - 0.48 and -0.51, which yields a half-life estimate5 of 1.43 and 1.35 periods, which 

                                                           
5
 Calculation of half-life is done using following equation: t=-ln2/adjustment coefficient. 
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means that time needed in order to eliminate 50% of the deviation from the equilibrium is a little bit 

below year and a half. Also, it can be interpreted that 48% to 51% of deviation from the equilibrium 

value is eliminated in the following year. 

To check validity of our models, we employed also post-estimation diagnostic tests to analyze each 

model’s residuals for the potential presence of heteroskedasticity (Breusch-Pagan/ Cook-Weisberg test), 

autocorrelation (Durbin's alternative and Breusch-Godfrey LM test), multicollinearity (men variance 

inflation – mean VIF) and misspecification of functional form (Ramsey RESET test). We also employed 

two tests to check residual normality - Jarque-Bera and Skewness/Kurtosis tests that offer two 

adjustments for sample size (Royston, P. 1991; D’Agostino, R. B., A. J. Belanger, and R. B. D’Agostino, Jr. 

1990). From the test statistics and their probabilities presented in Table 5.5, it can be concluded that all 

our models passed all diagnostic and specification test implemented. 

Estimated short-run price and income elasticities are given in Table 5.6. We were not able to compute 

bootstrap standard errors for the short run elasticity estimates due to an insufficient number of 

observations. We used the same approach to calculate the short-run price and income elasticities as we 

did in case of a long run (Wilkins, Yurekli and Hu, 2004), and those results are reported in Table 5.6. 

Table 5.6. Short-run price and income elasticity of demand for cigarettes 

Short-run Model I Model II Model IV 

Price elasticity -0.5225109** -0.5107284** -0.465373** 

Income elasticity 1.796682*** 1.817772*** 1.641414** 

Note: *** p<0.01, ** p<0.05, * p<0.1; Source: Own calculation 

Short-run price elasticity ranges from -0.46 to -0.52 and, as expected, it is lower compared to the long- 

run elasticity. This result confirms that cigarettes are an addictive product. The short-run income 

elasticity is positive and ranges from 1.64 to 1.79, showing that in the short run higher income leads to 

higher cigarette consumption. The sign of short-run income elasticity is opposite to one for the long run, 

which suggests that most people do not become health aware and switch to a healthy life style in the 

short-term, but more likely in the long term. 

 

5.5. Robustness  

 
We conducted two sensitivity checks to study the robustness of our estimates. More precisely, we 

checked the sensitivity of the results using an alternative income variable, as well as employing a 

different estimating methodology.  

First, we employed the gross national product (GNI) per capita instead of GDP per capita as our income 

variable. The results were similar in terms of the signs and statistical significance with the long-run and 

the short-run price elasticities ranging from -0.65 to -0.75 and from -0.54 to -0.61, respectively. The 

income elasticity was slightly larger in the long-run, but a bit smaller in the short-run when compared to 

baseline estimation. All details regarding specification procedure along with diagnostic tests and tables 

with estimated elasticities can be found in Annex A. Thus we can conclude that our model is moderately 

sensitive to using a different proxy for income. 
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As the second robustness test, we applied the ARDL model to estimate responsiveness of cigarette 

consumption to income and price changes. The advantages of this methodology are that it can be 

employed regardless of whether the variables are, or are not, integrated of the same order. The method 

uses bounds tests to check for the presence of cointegration, which eliminates the uncertainty related 

to testing the order of integration. Another advantage of this method is its better performance with 

small samples (Narayan, 2004).  First, we estimated model ARDL1, ARDL2, and ARDL4, which correspond 

to the ECM Model I, II and IV, respectively. Resulting long-run and short-run price and income elasticities 

are reported in Table 5.7. 

Table 5.7. ARDL estimation: Long-run and short-run income and price elasticity of demand for cigarettes 

 Price elasticity Income elasticity 

ARDL1 

Long-run -0.64038*** -2.05759*** 

Short-run -0.44301** 1.57941*** 

ARDL2 

Long-run -0.6472** -2.074*** 

Short-run -0.3668** 1.9157** 

ARDL4 

Long-run -0.9628*** -1.9254*** 

Short-run -0.4459*** 1.57*** 

Source: Own calculation 

 Results for price elasticity in ARDL1 (that represents basic model without control variables) and ARDL2 

(which is ARDL1 model augmented with regulatory variable) are almost equal and slightly lower 

compared to the respective ECM models. Price elasticity estimated in ARDL4 model (which is ARDL1 

model augmented with reg2 variable) is higher than elasticity estimated in respective ECM model but 

still negative and statistically significant.  More in-depth analysis of post-estimation diagnostic tests of 

ARDL4 model has shown that problem of autocorrelation exist when two lags are included in LM test 

(Prob. Chi-Square(2) = 0.0456), what can be a possible cause of upward bias of price coefficient6. Short-

run price elasticity ranges from -0.36 to -0.44 and, as expected, it is lower compared to the long-run 

elasticity, and also slightly lower compared to the ECM model. The sign of the long run and short run 

income elasticity is the same as in the ECM models, with somewhat higher value. None of the 

coefficients of the regulatory variables in long-run are statistically significant (ARDL2 and ARDL4). 

Coefficient of the reg2 variable is the only regulatory variable that is statistically significant in the short 

run. 

Taking all these results into account, we consider the lower bound of the price elasticity -0.68 as the 

most reliable ECM estimate, because it corresponds to our robustness check. Detailed results of the 

ARDL specification along with diagnostic tests are given in tables in Annex B. The presence of 

cointegration was confirmed by the bounds tests (calculated F statistic is higher than critical values of F 

statistic at the 5% significance), the CUSUM test shows no significant evidence of coefficient instability, 

                                                           
6 Estimation of model with more lags included could not resolve this problem. 
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and models passed post-estimation diagnostic tests. Estimate of the speed of adjustment is statistically 

significant, negative and less than 1 in absolute value in all three models. To determinate optimal lag 

length using Akaike’s information criterion, we restricted a maximum number of lags for independent 

variables on 1, which was enough not to reject the hypothesis of no first-order serial correlation, and to 

conserve the degrees of freedom at the same time.  

We also took advantage of the ARDL model to be able to handle variables regardless of the order of 

integration and augmented the basic ARDL 1 model with stationary control variables. More precisely, we 

estimated models with a male to female ratio and unemployment as control variables including them 

one by one. However, the model with a male to female ratio (ARDL m/f) failed the cointegration test, 

and the model with unemployment suffered from high multicollinearity. Detailed results for ARDL m/f 

model, along with diagnostic tests, are given in tables in Annex B. 

 

5.6. Concluding remarks 

 
This study examined the responsiveness of cigarette demand to cigarette price changes in Montenegro 

employing annual aggregate data over the period 2001–2017. Considering that variables proved to be 

cointegrated and that one vector of cointegration exists, we applied the Engle-Granger two-step 

methodology to estimate both the long-run and the short-run price and income elasticities of demand 

for cigarettes.  After conducting several robustness checks, the coefficients for cigarette price and 

income variables proved as significant across all specifications, with the magnitude of coefficients that 

are only marginally dependent on the presence or absence of other control variables, and methodology 

applied. 

Empirical results suggest that in the long run the demand for cigarettes in Montenegro is affected by 

changes in prices and that this responsiveness is in range with the results obtained in similar studies 

done in middle-income countries. The value of price elasticity ranges from -0.68 to -0.82 using the ECM 

model. After checking this results using an alternative methodology and augmenting the basic model 

with control variables, we can conclude that estimated lower bound of price elasticity (-0.68) can be 

taken as the most reliable ECM estimate, which is closer to results of the robustness check. Price 

elasticity in the short-run is estimated in a range from – 0.46 to -0.52.  

The ECM model and the sensitivity analysis show that in the long run income has a negative and 

significant impact on cigarette demand, while in the short run the impact of income is the opposite. It is 

likely that the income variable, in the long run, is capturing the impact of other variables omitted from 

the model that we could not include due to both the length of the time series and the stationarity tests 

for possible controls. An additional possible reason for a negative sign of income elasticity is that we do 

not control in our models for cross-border trade and illicit trade in tobacco products. 

Although this study provides valuable insights, it has limitations that must be noted. In this study, we 

relied on officially available annual aggregate data, what restricted the length of our time series to 16 

years. This fact could lead to typical problems of lower power of applied statistical test in case of small 

samples and the potential influence of the sample size on the bias of estimated coefficients. Also, this 

small sample limitation prevented us from using some additional statistical tests (such as coefficient 
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stability), as well as made it impossible to observe the joint influence of several significant variables at 

once. Relying on official data, we did not take into account the possible influence of the illicit trade in 

tobacco products. This can be an avenue for further research. 

 

ANNEX A 

Table A1. Long-run cigarette demand using GNI as income variable 

 Model I Model II Model IV 

VARIABLES consum consum consum 

    

rtobcpi -16.92569*** -14.97223** -14.64919*** 

 [-3.50545] [-2.40543] [-3.15468] 

GNI -0.37529*** -0.30525 -0.35346*** 

 [-3.46076] [-1.74518] [-3.49411] 

regulatory  -212.55979  

  [-0.51938]  

reg2   -518.66722* 

   [-1.82156] 

Constant 10,991.53160*** 10,025.38534*** 10,505.91946*** 

 [10.21725] [4.63359] [10.18517] 

Observations 17 17 17 

R-squared 0.87285 0.87544 0.89870 

Adj. R-squared 0.855 0.847 0.875 

Dickey-Fuller test for unit root 

- residuals 

Test statistic 

Z(t)= -2.365 

Test statistic 

Z(t)= -2.351 

Test statistic 

Z(t)= -3.018 

 

Hausman test 

m-statistic 

       -------- m=0.554 m=2.189 

Note: t-statistics in brackets;*** p<0.01, ** p<0.05, * p<0.1; Source: Own calculation  

 

 

 

Table A2. Long-run price and income elasticity of demand for cigarettes (using GNI as income variable) 

Long-run Model I Model II Model IV 

Price elasticity -0.7570295*** -0.75702** -0.655209*** 

Income elasticity -1.557654*** -1.55765 -1.467026*** 

Note: *** p<0.01, ** p<0.05, * p<0.1; Source: Own calculation  

 

Table A3. Short-run cigarette demand function using GNI as an income variable and post-estimation test 

 Model I Model II Model IV 

VARIABLES D.consum D.consum D.consum 

D.rtobcpi -13.66149** -13.04339** -12.12670** 

 [-2.98855] [-2.80669] [-2.54455] 

D.GNI 0.30431** 0.31905** 0.30492** 
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 [2.46929] [2.50463] [2.38528] 

D.regulatory  29.80828  

  [0.17210]  

D.reg2   -388.87966* 

   [-1.95640] 

D.Residuals -0.42577** -0.41596** -0.50034** 

 [-2.82584] [-2.62428] [-2.71426] 

Constant -236.91335** -251.98281** -238.67095** 

 [-2.68068] [-2.64077] [-2.57096] 

Observations 16 16 16 

R-squared 0.64628 0.65098 0.67061 

Adj. R-squared 0.558 0.524 0.551 

Breusch-Pagan/ Cook-

Weisberg test for 

heteroskedasticity 

Ho: Constant variance 

chi2(1) = 2.99 

Prob > chi2  =    0.0839 

chi2(1) = 3.13 

Prob > chi2  =   0.0770 

chi2(1) = 2.00 

Prob > chi2  =   0.1569 

Durbin's alternative test for 

autocorrelation 

H0: no serial correlation 

Prob > chi2  =   0.8976 

chi2(1) = 0.017 

Lags 1 

Prob > chi2  =0.8447 

chi2(1) = 0.038 

Lags 1 

Prob > chi2  =0.6818 

chi2(1)= 0.168 

Lags 1 

Breusch-Godfrey LM test for 

autocorrelation 

H0: no serial correlation 

Prob > chi2  =   0.8767 

chi2(1) = 0.024 

Lags 1 

Prob > chi2  = 0.8047 

chi2(1)=0.061 

Lags 1 

Prob > chi2  = 0.264 

chi2(1)= 0.6071 

Lags 1 

Ramsey RESET test 

Ho:  model has no omitted 

variables 

F(3, 9) = 3.31 

Prob > F =0.0711 

F(3, 9) = 3.75 

Prob > F =0.0598 

F(3, 9) = 4.06 

Prob > F =0.0501 

Skewness/Kurtosis tests for 

Normality 

Ho: normality 

adj chi2(2)= 0.33 

Prob>chi2= 0.7545 

adj chi2(2)= 0.56 

Prob>chi2=  0.7760 

adj chi2(2)= 2.99 

Prob>chi2= 0.2247 

Jarque-Bera normality test 

Ho: normality 

Chi(2)= 0.5949  

Prob>chi2=  0.7427 

Chi(2)= 0 .5464 

Prob>chi2= 0.7609 

Chi(2)= 1.067 

Prob>chi2=  0.5864 

Mean VIF 1.13 1.19 1.28 

Note: t-statistics in brackets;*** p<0.01, ** p<0.05, * p<0.1; Source: Own calculation  

 

Table A4. Short-run price and income elasticity of demand for cigarettes (using GNI as income variable) 

Short-run Model I Model II Model IV 

Price elasticity -0.61103** -0.58339** -0.54239** 

Income elasticity 1.263045** 1.324224** 1.265577** 

Note: *** p<0.01, ** p<0.05, * p<0.1; Source: Own calculation  

 

 

ANNEX B 

 

Table B1.  The long and short-run effects of prices and income on tobacco consumption - ARDL 

 ARDL 1 ARDL2 ARDL4 ARDL m/f 
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VARIABLES d.consumption d.consumption d.consum d.consumption 

Long-run     

L.rtobcpi  -14.3177*** -14.47180** -21.52836*** -11.9397*** 

 [-3.3045] [-2.49922] [-5.42846] [-3.52039] 

L.GDPpc -1.8351*** -1.85220*** -2.00945*** -2.02749*** 

 [-5.4791] [-3.48732] [-5.70229] [-7.31749] 

L. regulatory  15.15595   

  [0.04314]   

L.reg2   642.99255  

   [1.42490]  

L.male/female    17.33686* 

    [1.89733] 

ADJ     

L.consum -0.46603*** -0.46549*** -0.38101*** -0.6324*** 

 [-4.02572] [-3.79593] [-3.83485] [-4.52171] 

Short-run     

D. rtobcpi  -9.9049** -9.97052** -8.20255*** -7.55082** 

 [-2.78034] [-2.46199] [-4.31720] [-2.97071] 

D.GDPpc 1.40863*** 1.40094** 1.70861*** 1.21821** 

 [3.51986] [3.05946] [6.15018] [2.30696] 

D.regulatory  7.05501   

  [0.04319]   

D.reg2   -199.65364*  

   [-1.94621]  

D.male/female    3.33516 

    [0.58873] 

Constant 5,403.67*** 5,427.67*** 4,877.31672*** 6,506.98*** 

 [4.24187] [3.73526] [4.88736] [4.98814] 

     

Observations 16 16 16 16 

R-squared 0.84407 0.84410 0.93189 0.87169 

Adj. R-squared 0.766 0.740 0.886 0.786 

Breusch-Pagan/ 

Cook-Weisberg test 

for 

heteroskedasticity 

Ho: Constant 

variance 

chi2(1) = 0.10 

Prob > chi2 = 0.7539 

chi2(1) = 0.09 

Prob > chi2 = 0.7667 

chi2(1) = 1.23 

Prob > chi2 = 0.2684 

chi2(1) = 0.11 

Prob > chi2  =   

0.7396 

Durbin's alternative 

test for 

autocorrelation 

H0: no serial 

correlation 

Prob > chi2 = 0.1556 

chi2(1) = 2.017 

Lags 1 

Prob > chi2 = 0.1288 

chi2(1) = 2.307 

Lags 1 

Prob > chi2 = 0.2562 

chi2(1) = 1.289 

Lags 1 

Prob > chi2  

=0.1767 

chi2(1) = 1.825 

Lags 1 

Breusch-Godfrey 

LM test for 

Prob > chi2 = 0.0870 

chi2(1) = 2.929 

Prob > chi2 = 0.0584 

chi2(1) = 3.581 

Prob > chi2 = 0.1362 

chi2(1) = 2.221 

Prob > chi2  = 

0.0847 
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autocorrelation 

H0: no serial 

correlation 

Lags 1 Lags 1 Lags 1 chi2(1)=2.972 

Lags 1 

Ramsey RESET test 

Ho:  model has no 

omitted variables 

F(3, 9) = 2.01 

Prob > F =0.2013 

F(3, 9) = 1.77 

Prob > F =0.2529 

F(3, 9) = 2.75 

Prob > F =0.1350 

F(3, 9) = 2.09 

Prob > F =0.2036 

Jarque-Bera 

normality test 

Ho: normality 

Chi(2)= 1.5574  

Prob>chi2= 0.4590 

Chi(2)= 1.5203  

Prob>chi2= 0.4675 

Chi(2)= 0.2349  

Prob>chi2= 0.8891 

Chi(2)= 2.8259 

Prob>chi2= 0.2434 

Mean VIF 3.93 5.38 4.74 6.73 

Note: t-statistics in brackets;*** p<0.01, ** p<0.05, * p<0.1; Source: Own calculation  

 

Table B2. ARDL Bounds test 

 F-statistic Critical values F statistic (5% significance) 

  I (0) Bound  I(1) Bound 

ARDL 1 7.705 3.79 4.85 

ARDL 2 5.37 3.23 4.35 

ARDL 4 10.15 3.23 4.35 

ARDL m/f 3.172 3.23 4.35 

Source: Own calculation  

 

Figure B1. Plots of the CUSUM – ARDL1 
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Figure B2. Plots of the CUSUM – ARDL2 
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Figure B3. Plots of the CUSUM – ARDL4 

 

 

Source: Own calculation 
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