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ABSTRACT
Background Bosnia and Herzegovina (B&H) is among
the top 10 countries in the world in terms of number of
smokers. The cigarette prices in B&H are under a direct
impact of state excise tax policy. The specific excise on
cigarettes was introduced in B&H in 2009. Since then
it has been increasing every year thus being the main
driver of cigarette prices growth.
Methods In this paper we estimate price elasticity
of demand for cigarettes following Deaton demand
model and apply it on microdata obtained from the
Household Budget Surveys in B&H conducted in 2011
and 2015. Deaton model uses within-cluster information
to estimate total expenditure elasticities and then uses
between-cluster information to estimate price elasticities.
For B&H, the cluster is defined as a municipality × in the
year t. Our sample contains 14 252 households, divided
into 267 clusters.
Results Our results show that the price elasticity is
statistically significant and amounts to −1.366. This
means that if cigarette prices in B&H are increased by
10%, the demand for cigarettes would decrease by
13.66%.
Conclusions We found a negative price elasticity of
demand for cigarettes of −1.366. These results of the
econometric estimate of elasticity of demand are more
elastic compared with the results of similar surveys
carried out on the sample of low and middle-income
countries. It demonstrates that the demand for cigarettes
responds strongly to the price increase.

Introduction
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A large percentage of Bosnia and Herzegovina
(B&H) citizens is engaged in tobacco consumption.
B&H is among the top 10 countries in the world in
terms of number of smokers.1 According to the official statistics, nearly 40% of the state’s adults (about
1 200 600 persons) consume tobacco products on a
daily basis.2 ‘The study showed that in all of the
households surveyed, approximately 41% had an
individual that smoked cigarettes. On average,
B&H households, which have declared themselves
to consume cigarettes (smoking households) spent
an estimated 5.4% of the monthly budget on cigarettes.’3 There is a strong socioeconomic gradient
in smoking, with more financially secure people in
B&H being less likely to smoke. Tax policy is one of
the most effective means for reduction of tobacco
products consumption as it is confirmed in almost
all relevant studies carried out so far by the leading
researchers in the field of health economics.4–6
In order to determine the effect of cigarette prices
increase, it is necessary to estimate price elasticity.
Evidence from countries of all income levels suggests

that increase in cigarette prices is highly effective in
reducing demand.7 Previous research, conducted in
low and middle-income countries (LMIC), found that
the price elasticity of demand for cigarettes is in the
range of −0.5 to −1.8 This implies that in these countries increase in price of cigarettes can be effective in
reducing demand for cigarettes.
The purpose of our research is to determine the
relationship between increase of cigarette prices
and demand for cigarettes in B&H. In the absence
of sufficiently long-time series data, as it is the situation in B&H, Deaton demand model9 is a more
efficient model for estimating price elasticity of
demand for cigarettes than the econometrics model
based on the macrolevel data. In our methodological approach, we follow Deaton demand model
and apply it on microdata, obtained from Household Budget Surveys (HBS) in B&H. The study is
the first of its kind in B&H.

Data and methods
Data and sample

In this paper, we used HBS data obtained by B&H’s
authorised statistics agencies for years 2011 and
2015. Aforementioned data were used in order to
compile weightings for important macroeconomic
indicators, including consumer price indices, household expenditure on goods and services that give a
picture of living conditions in B&H.10 11 The data
from the survey were broken down by household
characteristics, such as income, socioeconomic
characteristics, size and composition, degree of
urbanisation and similar.
In accordance with the requirements of the Deaton
model, first we define clusters. Our clusters are
defined as a municipality × in the year t. According
to this definition, we generate 271 clusters containing
14 298 households. In each cluster, we have 53
households on average. Among full sample of households, 5859 households are reported as smoking
households. Being a condition in order to estimate
the Deaton model, each cluster must have at least
two households. According to the criteria requested
to apply Deaton model, we drop 42 households
whose total household expenditure is 5 SDs higher
than mean expenditure in the overall sample. Additionally, we drop four clusters which contain only one
household. So, due to the Deaton model estimation
procedure, we reduced the sample and it contains
267 clusters and 14 252 households.

Theoretical background

Deaton demand model is a model of consumer
behaviour in which households choose both quantity and quality. The expenditure on particular good
in this model is the product of quantity, quality and
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price. Deaton12 provides detailed exposition of the methodology.
Thus, we briefly describe the basic equations and procedure to
estimate the price elasticity using HBS data.
Deaton model uses information within-cluster information to
estimate the total expenditure elasticity and then uses between-
cluster information to estimate price elasticity. Unit values, which
are calculated from the households’ consumption diary, are used
as a proxy for price. In practice, unit values depend on the actual
market prices, but cannot be used as direct substitutes for prices.
Unit values are different from prices because there are measurement errors involved in quantity and variations in quality due to
heterogeneous nature of the commodity.13 For example, in case
of constant household budget, when the cigarette prices change,
the household can decrease its cigarette consumption and stay
with the same brand or redirect to less expensive brand and keep
its consumption at the same level, which is referred to as quality
shading.
Deaton model consists of two regression equations. The first
equation is budget share of cigarettes equation (a proxy for
demand) and the second equation is unit value equation (a proxy
for price):
(
)
whc = α0 + β 0 lnxhc + γ 0 .zhc + θlnpc + fc + u0ch
(1)

	
	

lnvhc = α1 + β 1 lnxhc + γ 1 .zhc + ψlnpc + u1hc

(2)

where indices h and c represent households and clusters,
respectively. Variable whc denotes the share of the household
budget spent on cigarettes (in percentages) and vhc denotes
unit values. Variable xhc is total expenditures of the household
h in cluster c, zhc denotes other household characteristics, pc
is price of the cigarettes in cluster c, while u0ch and u1hc are the
error terms. fc is a cluster fixed effect and treated as an error
in addition to the error term u0ch in equation (1). Due to the
fact that cigarette prices are not reported in the consumption
diary and consequently in HBS, we cannot estimate budget
shares and the unit values described in equations (1) and (2) as
such. Under the assumption that market prices do not vary for a
given commodity within each cluster but vary between clusters
we can include market prices by adding dummy variables for
each cluster and the parameters β 0, β 1, γ 0, γ 1in both equations
can be consistently estimated by standard ordinary least squares.
This is the first stage (household-level regression) of Deaton
model estimation.
In the second stage of Deaton model estimation, we use the
estimates from the first stage and remove the effects of the total
household expenditure and other household characteristics from
the budget shares and the unit values (ie, purging the quality
effects):
	
	

∼0

∼0

∼0

y hc = whc − β lnxhc − γ zhc

∼1

∼1

∼1

y hc = lnvhc − β lnxhc − γ zhc
∼0

(3)
(4)

∼1

The dependent variables (y hc and y hc) in equations (3) and
(4) contain the price information and we use it to create cluster
averages of budget shares and unit values:
	

y0c = α0 + θlnpc + fc + u0c 

(5)

	

y1c = α1 + ψlnpc + u1c 

(6)

2

After creating averages of budget shares and unit values on
the cluster level, we can calculate how cluster-level demand (ie,
cluster budget shares) responds to changes in cluster-level unit
values. Thus, we calculate coefficient on cluster-level unit values
by dividing covariance between cluster-level budget shares and
cluster-level unit values by variance of cluster-level unit value:
	

ϕ̂ =

cov(^
y0c ,^
y1c )−σ̂ 01 /nc
1
var(^
yc ) − σ̂ 11 /nc + 

(7)

where nc is the number of all the households per cluster and
+
nc is the number of households with cigarette purchases.
However, coefficient on cluster-level unit values is not price
elasticity. It is smaller than price elasticity due to the quality
shading. To calculate the price elasticity of demand, in the third
stage of Deaton model estimation, we rely on weak separability
theory of quality and the definition of the budget share as the
product of quantity of cigarettes and unit value divided by the
total expenditures (w=q*v/x). From there it can be shown12 that
the parameter θ can be calculated as:
	

θ = ϕ/[1 + w − ϕ] where ζ =

1
β
(
)
β 0 +w 1−β 1 

(8)

where β 1and β 0are estimated from the equations (1) and (2),
while w is the average value of the budget share. If β 1is small, ζ
will be small, and so will be the correction to θ in equation (8);
when the income elasticity of quality (β 1) is small, there will be
little shading of unit value in response to price.12
The formula for price elasticity of demand that we calculate
by taking a log and first difference of budget share with respect
of the price is12:
( )
1
θ̂)
θ
ϵp w
− ψ where ψ̂ = 1 − β (ŵ−
(9)
β̂ 0 +ŵ 
	
Although Deaton model is primarily focused on efficient
estimation price elasticities, Deaton proposes the formula for
obtaining estimation of demand expenditure elasticity, which
only uses data from first-stage (household-level) regression12:
( 0)
ϵx = 1 − β 1 + βw
(10)
	

Due to the calculation procedure, SEs for both price and
expenditure elasticity cannot be taken directly from the regression analyses. Instead, we use bootstrapping procedure to calculate the SE in order to determine the statistical significance of the
estimated price and expenditure elasticity. The bootstrapped SE
for the price elasticity is calculated by making 1000 draws from
the cluster (second-stage) data, while SE for expenditure elasticity is calculated by making 1000 draws from the household
(first-stage) data, according to the Deaton estimation procedure.

Measures

Unit value of cigarettes is calculated as a ratio of monthly household expenditure on cigarettes and the number of cigarette
packs purchased by the household during a month. We express
it in logarithmic form. Household expenditure on cigarettes
from illicit market is included in this analysis because households report the total expenses on cigarettes and total cigarette
consumption quantity regardless whether they buy it on official
or illicit market. Budget share of cigarettes is calculated as a
ratio of monthly household expenditure on cigarettes and the
total monthly household expenditure. Both are deflated to their
real values from 2011, by using Consumer Price Index. Other
variables we use to estimate Deaton demand model are total
monthly expenditures (ln), and the wide number of variables
which represent household characteristics. Household variables
include household size (ln), age and gender composition of the
Gligorić D, et al. Tob Control 2020;0:1–6. doi:10.1136/tobaccocontrol-2019-055258
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Figure 1 Average cigarette price, cigarette tax structure and excise burden in the period 2008–2018. Source: Authors’ calculation based on the
Indirect Taxation Authority data, 2019. VAT, value-added tax.
household, as well as the mean and maximum level of education of the household members. Adult ratio is the ratio between
all household members and those older than 14. Maximum
level of education is calculated taking into account all household members regardless of age. Urbanisation settlements are
a dummy variable, which take value 1 if households are from
urban settlements and 0 if households are from rural settlements.
We control for the household type by economic activity, by
taking the ‘maximum’ activity of the household members. The
households are split into four household types: (1) employed, (2)
self-employed, (3) pensioner, and (4) unemployed.14

Results
Descriptive statistics

The price of cigarettes in B&H has increased significantly
over the last 10 years. The introduction of a specific excise in
the second half of 2009 and its increase in the coming period
reflected the increase in the price of a cigarette pack. On introduction, specific excise has increased by about €0.078 every
year, from an initial level of €0.15 per pack to €0.77 per pack
in 2018. Ad valorem excise, calculated on the retail price of
cigarettes, stayed at the same level of 42% retail price. This is
the main reason for the increase in the average prices of cigarette for about 211.6%, in the period 2008–2018. The average
cigarette prices, cigarette tax structure and total excise burden
are presented in figure 1. The total excise burden per pack,

Table 1

calculated as a ratio of retail price and sum of ad valorem and
specific excise per pack, increased from 42% of retail price in
2008 to 72.56% of retail price in 2018.
The descriptive statistics of the variables used in the estimation
of the Deaton model are presented in table 1. The data indicate
that about 40.9% of the households have expenses on cigarettes
(share of available observations on unit value).
The share of smoking households significantly declined
from 48.3% in 2011 to 33.6% in 2015. At the same time, the
number of cigarette packs consumed per household decreased
from 32.32 to 22.75, or by 29.6%. Total monthly expenditures
(monthly household budget) were much lower in non-smoking
households. The difference between smoking and non-smoking
household budgets was €232.61 and €238.51 in 2011 and 2015,
respectively. When we look at both years together, the difference
is about €241.61.
Unit value of cigarettes, representing the changes in cigarette
prices and the changes in the choice of cigarette quality (brands),
increased from €1.21 to €1.87, or about 54.5%. The average
price of cigarettes, which was determined by the national statistical agency, increased from €1.08 to €1.74 or by 60.6%.15 Therefore, increase in unit value was lower than increase in cigarette
prices. This is referred to as ‘quality shading’. When the cigarette
prices increase, due to the budget constraint, households substitute to less expensive brands and try to decrease their consumption as little as possible, that is, households shade down both

Smoking households’ monthly statistics

Year
2011

Household

Households,
n

Total
Household (%) expenditures (€)

Non-s moking

3628

51.7

672.71

Smoking

3396

48.3

905.32

2015

Non-smoking

4796

66.4

629.71

Smoking

2432

33.6

868.22

2011 and 2015

Non-s moking

8424

59.1

648.23

Smoking

5828

40.9

889.84

Consumption of
cigarettes (in pack)

Expenditures on
cigarettes (€)

Unit value of
pack (€)

Budget share on
cigarettes (%)21

32.32

39.08

1.21

5.18

22.75

42.67

1.87

5.71

28.33

40.57

1.49

5.40

Source: Authors’ calculation based on the Household Budget Surveys (HBS) data.
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Table 2

Household-level regression

Descriptive statistics of variables

Variable

Observation

Unit value, cigarettes (ln)

Mean

SD

Min

Max

5828

1.0356

0.2514

0.1823

1.6831

Budget share, cigarettes

14 252

0.0221

0.0381

0.0000

0.6971

Total expenditure (ln)

14 252

7.0811

0.6618

4.0405

8.7960

Household size (ln)

14 252

0.9459

0.5732

0

2.7081

Male ratio

14 252

0.4646

0.2639

0

1

Adult ratio

14 252

0.8560

0.2055

0

1

Mean education

14 252

7.6337

3.6477

0

20

Maximum education

14 252

10.2453

4.0125

0

20

Urban settlements

14 252

0.3819

0.4859

0

1

 Employed

14 252

0.5806

0.4934

0

1

 Self-e mployed

14 252

0.2255

0.4180

0

1

 Pensioners

14 252

0.1410

0.3480

0

1

 Unemployed

14 252

0.0528

0.2236

0

1

Household type

Source: Authors’ calculation based on the Household Budget Surveys (HBS) data.

quality and quantity. Share in expenditures on cigarettes in total
expenditures, among smoking households, has increased from
5.18% in 2011 to 5.71% in 2015, as a result of both increase in
cigarette prices and decrease in total household budgets.
The budget share of cigarettes, among all households, is
presented in table 2 and shows that households spend about
2.2% of their budget on cigarettes. The households have average
male ratio of about 46%, while the children (ie, those aged 14 or
less) represent about 14% of the household members. Mean and
maximum years of education of 7.63 and 10.25 suggest that on
average household members have a very low level of education,
that is, primary level.16
About 38% of the households are from urban areas, while
approximately 58% have at least one person employed, while
22.5% of the households have at least one person self-employed.
Household type ‘pensioner’ makes about 14.1%, while household type ‘unemployed’ makes about 5.3% of the households.

Table 3

Results from the unit value and budget share regression

Variables

Unit value (per pack, ln)

Cigarette budget share (%)

Total expenditure (ln)

0.061***

(0.008)

0.004***

(0.001)

Household size (ln)

0.041***

(0.004)

0.003***

(0.001)

Male ratio

 −0.008

(0.007)

0.016***

(0.001)

Adult ratio

−0.033***

(0.009)

0.005**

(0.002)

Mean education

0.003***

(0.001)

 0.0004**

(0.000)

Maximum education

 0.005

(0.005)

 0.003***

(0.000)

Maximum education*total
expenditure (ln)

−0.0005

(0.001)

−0.001***

(0.000)

 Employed

Omitted

 

 

 Unemployed

−0.023***

(0.008)

 −0.000

(0.002)

 Pensioners

−0.024***

(0.006)

 −0.007***

(0.001)

 Self-e mployed

 −0.006

(0.005)

−0.008***

Cluster dummies

F (260, 5557)
68.997***

 

F (266, 13 975)
3.611***

Constant

0.609***

(0.057)

−0.012***

Observations

5828

 

14.252

 

R2

0.811

 

0.091

 

Household type
 

(0.001)
 
(0.009)

SEs in parentheses; * (first column) indicates multiplication i.e. interaction between two variables;
***p<0.01; **p<0.05.
Source: Authors’ calculation based on the Household Budget Surveys (HBS) data.
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Table 3 presents the results of the household-level regression
(first-stage regression) for unit value and budget shares of cigarettes. The results of the unit values equation show that the coefficient for total expenditure is significant and it indicates that the
quality elasticity of expenditure is about 0.06%. In other words,
households with 10% higher expenditure will buy cigarettes
that are 0.6% more expensive. This result is consistent with the
results from other countries6 and indicates that there is quality
shading in B&H. Thus, we use Deaton model for obtaining an
unbiased estimation of cigarette price elasticity. Coefficient of
the household size from unit value regression has the expected
signs, unit value is lower in larger households. Male ratio is not
statistically significant. Adult ratio is statistically significant and
negative, which means that households with more number of
adults (age 14+) buy cigarettes with lower unit value. Additionally, ‘pensioner’ and ‘unemployed’ household types spend
lower amount of money on the cigarette packs, while the same
does not hold for ‘self-employed’ households. Mean education
has a significant and positive effect on unit value, meaning that
a household whose average education is higher spends more
money on cigarette pack. On the other hand, maximum education variable is not statistically significant, nor a variable representing interaction between total expenditure and maximum
education level. Finally, cluster fixed effects are statistically
significant and relatively large, confirming that spatial/time variation is pronounced.
The estimated coefficients from the budget share equation
show that households with higher levels of expenditure spend
higher budget share on cigarettes. Households with 10%
higher expenditure spend about 0.04% points more budget
on cigarettes. Budget share spent on cigarettes is larger among
larger households, in households with higher shares of men and
adults. Also, budget share spent on cigarettes is higher in the
households where mean and maximum education is higher. It
is interesting to analyse the interaction term between maximum
education level of household and total expenditure, which is
statistically significant and negative. Households, which at
the same time have higher education level and total expenditure, spend lower budget share on cigarettes. Opposite to
unit value equation, cigarette budget share in ‘unemployed’
household type is not statistically different compared with the
‘employed’ household type. ‘Self-employed’ households spend
lower budget share on cigarettes than the ‘employed’ households. Similar to the unit value equation, cluster fixed effects
are significant and indicate substantial variability in the budget
shares between the clusters.

Cluster level and price elasticity estimates

The primary interest of Deaton procedure is to estimate price
elasticity at the cluster level using cluster-level budget shares and
cluster-level unit value stripped of all other factors. So, in this
stage, we purge the effects of the total household expenditure
and other household characteristics from the budget shares and
the unit values, and then averaging across cluster. According to
the procedure described in theoretical explanation of the Deaton
model, this allowed us to estimate how cluster-level demand
responds to change in cluster-level unit value and then price
elasticity.
Results indicate a negative price elasticity of −1.366. This
means that if cigarette prices in B&H increase by 10%, demand
for cigarettes would decrease by 13.66%. SE of the elasticity
indicates that the value of the price elasticity is significantly
Gligorić D, et al. Tob Control 2020;0:1–6. doi:10.1136/tobaccocontrol-2019-055258
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different from and lower than zero (ξ=−1.366; SEξ=0.1741,
t=−7.846).
Although Deaton model is not so efficient in estimation of
expenditure elasticity, as it is in case of price elasticity, still
Deaton procedure offers the possibility of obtaining this coefficient as well. The estimated value of total expenditure elasticity,
calculated according to the procedure described in theoretical
background of Deaton model, is in line with the expectations
positive and estimates at 1.129. SE of the expenditure elasticity
indicates that the value of expenditure elasticity is statistically
different and higher than zero (SE=0.0788, t=14.330). In other
words, if total expenditure of households is 10% higher, the
demand for cigarettes will be higher for 11.29%.

Discussion and conclusions

In this paper we used the HBS data for 2011 and 2015 as well
as Deaton demand model to estimate the price elasticity of cigarette consumption in B&H. The estimated price elasticity of
demand for cigarette is statistically significant at the level of 1%,
and amounts to −1.366. This implies that a rise in the price
of cigarettes by 10% leads to a fall in demand for cigarettes
by 13.6%, while all other factors remain constant. The results
of the econometric estimate of elasticity of demand are more
elastic compared with the results of similar surveys carried out
on the sample of LMICs where the price elasticity of demand for
tobacco products ranges from −0.2 to −0.8.4 17 It demonstrates
that the demand for cigarettes is highly responsive to its prices
and that increase in cigarette prices could reduce demand for
cigarettes in B&H.18 Taking into account that the main driver of
cigarette price increase in B&H is increase in excise, high degree
of responsiveness of cigarette demand to price increase suggests
that the increase in excise is efficient tobacco control policy. To
fully estimate the impact of cigarette price increase in excise
on cigarette consumption, the future research should focus on
estimation how the tobacco industry would react to changes in
tobacco tax policy.
The paper provides a solid foundation for further research
on tobacco industry and tobacco use in order to create and
implement effective tobacco taxation policies in B&H. As a
result of the high levels of tobacco usage, B&H faces significant health and economic consequences. Premature deaths
attributable to smoking are projected to be as high as 600 000 in
B&H of about 1.2 million smokers alive today.19 Furthermore,

What this paper adds
►► Our study provides important empirical evidence of a

relationship between values of the elasticity of cigarette
demand in relation to the change in prices. We found out
that the estimated value of the elasticity of cigarette demand
in relation to the change in prices is statistically significant
at the level of 1%, and amounts to −1.366. This implies
that a rise in the price of cigarettes by 10% leads to a fall
in demand for cigarettes by 13.66%, while all other factors
remain constant.
►► To the best of our knowledge, no existing studies in Bosnia
and Herzegovina (B&H) have analysed the elasticity of
demand for cigarettes in relation to the change in prices
using Deaton demand model. It demonstrates that the
demand for cigarette is responsive to its prices and that
increase in cigarette prices could reduce the demand for
cigarettes in B&H.
Gligorić D, et al. Tob Control 2020;0:1–6. doi:10.1136/tobaccocontrol-2019-055258

non-
communicable diseases account for 45% of deaths in
B&H.20 It is believed that if tobacco control policies are fully
implemented, they would reverse those negative health trends.
B&H, like other LMICs, does not commission regular national
surveys to collect data on smoking parameters and does not have
a system for recording health outcomes.

Limitations

B&H does not have a household study on annual basis. So far,
household studies have been carried out four times in 2004,
2007, 2011 and 2015. The first two studies could not be taken
into account because the excise policy of increasing tobacco
and tobacco products’ prices is only being applied in B&H
since 2009. However, the results of our survey are confirmed
by earlier research in the LMICs. Justification of implementing
policy on increasing of tobacco and tobacco product prices is
being confirmed too by obvious benefits on the decrease of cigarette demand in B&H.
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