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Introduction

Tobacco is commonly considered a commodity which is subject to addiction, like alcohol,
coffein, and drugs. This addiction, reflecting, inter alia, past experience with tobacco
smoking, may be strong. Its damage on the health status of many of its users is well
documented by medical research, and policy interventions to curtail consumption are
adopted in many countries. Such interventions include general warnings, restrictions on
advertisement and sale, smoking-free areas, and excise taxes. In Norway, the excise taxes
on tobacco are far higher than in most other countries1 , and for several years, advertisement of tobacco goods has been prohibited by law. Yet the average tobacco consumption
is higher than in the other Scandinavian countries. Of considerable interest when discussing policy measures towards tobacco abuse may be estimates of the consumers’ price
and income responses for tobacco, not only direct price effects, but also cross-price effects
for different tobacco commodities.
Psychological ‘stocks of habits’ – combined with genetic dispositions and attitudes
towards health risks – are therefore potentially important factors when explaining observed tobacco consumption econometrically. These are additional factors to standard
observable economic factors like income, prices, sociodemographic variables, etc. In a dynamic model of individual behaviour, addiction may be represented by a time-dependent
variable incorporating the ‘stock of habits’ determined by each individual’s past consumption [cf., e.g., Lluch (1974) and Becker and Murphy (1988)]. Within a static model,
habit effects can be considered as individual ‘properties’, represented as (components in)
individual specific, i.e., time invariant, latent variables. The latter framework may be
the most convenient when data in the form of short panels from a large set of individuals
are available. This is the case in the present paper.
There has been a growing interest in econometric analyses of tobacco consumption
in recent years. The theoretically appealing aspects of habit formation in tobacco consumption and the need to evaluate potential policy measures have together spawned a
large literature using several different approaches. Chaloupka and Warner (1999) offer
an elaborate overview of issues in and contributions to the economic literature on tobacco. Most studies treat tobacco as one homogeneous commodity, although Chaloupka
and Warner (1999, p. 16) mention a few studies of the substitution between cigarettes
and smokeless tobacco and four studies on substitution between manufactured and handrolled cigarettes. The latter studies are of most interest for the present paper, as they do
not give unambiguous evidence for price-induced substitution between manufactured and
1

In December 1994, the average retail prices for 20 cigarettes and 50 grams of handrolling tobacco

were USD 6.30 and USD 8.26, respectively. (The average exchange rate in 1994 was 7.05 NOK/USD.)
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hand-rolled cigarettes. Our results indicate that such substitution does occur. This issue
is also addressed in Wangen and Aasness (2001). Amongst the papers which disregard
the composition of tobacco consumption, we will briefly mention three. Jones (1989)
investigates the discrete-continuous choices of participation and consumption within a
static ‘double-hurdle model’, using cross-sectional household expenditure data from the
UK in 1984. This type of model provides useful information on the distribution of consumers’ choices at a given point in time, although the addictive nature of nicotine suggests
that tobacco consumption appears in a dynamic context. Chaloupka (1991) uses a model
within the rational addiction tradition, with Becker and Murphy (1988) as a standard reference, and applies this dynamic model on micro data. In a recent study, Labeaga (1999)
combines the discrete/continuous aspects of the double-hurdle model with the rational
addiction framework, using unbalanced household panel data from Spain over the period
1977 – 1983.
The purpose of this paper is threefold. The first is to estimate, from unbalanced
household panel data, within a static two-equation model framework, income and price
responses (including cross-price responses) for two tobacco commodities, cigarettes and
other smoking tobacco (mainly handrolling and pipe tobacco). The second purpose is
to investigate the effects of sociodemographic variables like age, cohort, gender, and
geographic location, on the tobacco consumption and its composition. These variables
account for observed heterogeneity. Third, we want to explore unobserved heterogeneity.
This can, to a large extent, be expected to be due to addiction and is commonly assumed
to show larger variability for tobacco commodities than for most other consumption
commodities. However, estimated unobserved heterogeneity can also represent the effect
of valid, unobserved explanatory variables. None of these issues have, to our knowledge,
been investigated previously in a framework with two tobacco commodities.
Our data set consists of a large set of unbalanced panel data (more than 26 000 observations from more than 18 000 households) from annual Norwegian household budget
surveys for a twenty year period (1975 – 1994). The panel is rotating; some respondents
are observed twice, at a one year interval, and some are observed only once. Because
of the long sample period, the relative price variation is substantial along the time dimension. We are therefore able to obtain meaningful estimates of price responses. Our
data set also makes it possible to estimate the covariance matrix of the latent household
specific component of the two tobacco commodities along with the covariance matrix of
the genuine disturbance vector, which will shed light on the addiction issue.
Why are genuine panel data essential for this kind of investigation? Unobserved
individual effects, whether they are treated as random or fixed, cannot be identified
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from cross-section data alone. In the random effects situation, when only one observation of each respondent is available, such effects cannot be separated from the genuine
disturbances, and hence the relative variation of the latent individual effects and the
disturbances cannot be identified.
An interesting question, which has not been given much attention in the panel data
literature, is whether and to what extent the variability of the estimated latent individual
effect is sensitive to the list of observed regressors. One hypothesis may be that the
estimated variance of the latent effect, in an absolute or relative sense, declines when
additional explanatory variables are included in the model and the overall fit is improved.
Another hypothesis may be that this variance is insensitive to the choice of regressors.
Absence of correlation between the latent effect and the specified regressors may be a
more critical assumption with some choices of regressors than with others. These issues
are of particular interest in the case of tobacco demand, since, as stated above, we can
conject that a large part of the variability of the individual effect for this commodity
is due to variations in the ‘stock of habits’, genetic dispositions, and attitudes towards
health risks. Characteristically, in a previous analysis of rotating panel data for the years
1975 – 1977, covering an exhaustive set of 28 consumption commodity groups and using
a common functional form, Biørn and Jansen (1982, section 7.5) found that tobacco was
the commodity for which individual heterogeneity represented the largest part of the
estimated total disturbance (more than 70 per cent).
A main result of the present paper is that the variances of the latent individual
effects tend to decrease when more variables (including square and interaction terms)
are included in the model. Relative to the gross disturbance variances, the estimates of
these variances are, however, high and fairly constant across model versions, about 60 –
70 per cent.
The qualitative pattern of the price elasticity estimates is robust over model variants, but the size of the estimates differ according to whether the data set includes all
households or only smokers. An interpretation of these differences, as resulting from
censoring, will be given. We find that our splitting of tobacco into two commodities has
given value added as compared with treating it as one commodity. First, the income
elasticity estimates differ substantially. Cigarettes tend to being a luxury, while we find
signs that handrolling tobacco may be an inferior good. Second, the estimated price
responses differ, but for both tobacco commodities, the estimated own price elasticities
are negative and the cross-price elasticities are positive. Third, for both commodities we
find a negative coefficient for the number of children, while for the number of persons
in the other age groups all coefficients are positive. The coefficient values are generally
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higher for handrolling tobacco than for cigarettes, which indicates that substitution is
important. Fourth, we find pronounced differences between the gender and the regional
effects for the two commodities.
The rest of the paper is organized as follows. In Section 2, we dicuss some modeling
problems, for instance the participation issue. Section 3 elaborates the econometric
specification and the estimation procedure, which is a modified Maximum Likelihood
(ML) procedure. The data set is described in Section 4. In Section 5, we present the
empirical results, with focus on Engel and Cournot elasticities, age, cohort, and other
demographic effects, as well as unobserved heterogeneity. Section 6 concludes.

2

Modeling problems

We use a static two-equation model framework with latent individual heterogeneity and
with the consumption of cigarettes and smoking tobacco as endogenous variables. The
unit of analysis is the household. We do not embed the two equations into a complete
system of consumer demand, e.g., derived from standard static consumer demand theory,
with all adding-up and symmetry restrictions, etc. taken into account. Hence, the demand function for the ‘third’, remainder commodity is not part of our formalized model.
The primary reason for this is that tobacco goods take a small part of the budget of an
average household, in Norway only about 1.5 per cent (and zero for a substantial part
of the households). This is one reason why our two equations should be interpreted as
approximations to the tobacco demand equations in an underlying full demand model.
Other reasons are given below. A complete system explaining along with tobacco foods,
beverages, services, etc. would seem overdimensioned and overparametrized in relation
to our basic focus. Neither is substitution between tobacco and other addictive commodities, for instance alcohols, in focus. On the other hand, price induced substitution
between the two tobacco commodities is allowed for. Its magnitude may have important
policy implications. The various sociodemographic background variables are intended to
represent the effect of shifts in preferences.
The latent habit component of tobacco consumption, discussed in the introduction,
may be specified econometrically as additive to the systematic part of the demand equation and included in individual specific (fixed or random) effects. Regression analysis
using the fixed effects approach, unlike the standard random effects approach, is robust to potential correlation between the latent effects and the specified regressors [cf.
Hsiao (1986, section 3.4)]. This may be important in our context, since, e.g., income and
demographic variables may be correlated with the latent heterogeneity.
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Formally, the model is a two-equation regression system for unbalanced panel data
with unobserved individual heterogeneity. To our knowledge, this is the first analysis
using this kind of model for disaggregate tobacco commodities. A precise model description will be given in Section 3. Systems of regression equations and estimation methods
for linear balanced panel data models with (random) error components are discussed in
Avery (1977), Baltagi (1980), and Krishnakumar (1996). In Biørn (1999), this kind of
model is adopted to data sets with unbalanced panels.
A problem that has to be addressed is the fact that many households in the data
set (about 50 per cent) report zero purchase of both tobacco commodities, and some
households purchase only one of them (see Table 2). From a modelling point of view, the
situation is complicated since we, in general, do not know the reason for zero reporting.
It may be due to (i) preference characteristics; the household consists of obstinate nonsmokers only, (ii) there is at least one potential smoker in the household, but the actual
price-income constellation motivates a corner solution, (iii) infrequency of purchases due
to transaction costs [see Deaton and Irish (1984) and Keen (1986)], or (iv) misreporting.
Labeaga, Preston and Sanchis-Llopis (1998, p. 4 and table 1) report proportions of
zeros in the Spanish Family Survey, where tobacco expenditure is recorded in weekly
periods in up to eight successive quarters. Their results indicate that infrequency is not
the major component of the proportions of zeros. In our data, the recording period is
two weeks, which should reduce the importance of infrequency further. Since smoking to
some extent is not ‘socially acceptable’, misreporting may be more important for tobacco
than for other goods, either because of deliberate erroneous reporting or because of selfdeception. However, studies have shown that measurement of smoking by self-report or
by biochemical markers (blood, urine, hair etc.) gives approximately the same estimates
of prevalence, cf., e.g., USDHHS (1989, p. 265). Hence, the two most important reasons
for zero expenditure seem to be (i) and (ii).
The data give evidence against assuming that all households maximize the same
instantaneous utility function. In the data section, we argue that all households face the
same set of prices on the two tobacco commodities. If the consumers were homogenous,
the standard theory then predicts that, with the same vector of other covariates, they
would choose the same consumption bundle (when neglecting noise). From this we can
conclude that if the zero observations are mainly due to (i) and (ii), the preferences
must vary in a non-trivial manner over the population of consumers. It is desirable
to impose some structure on the preference variation, and at least two strategies have
been suggested. Muellbauer (1988) assumes that the utility of current consumption is
influenced by past consumption, and that rational consumers will account for this in their
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long-term consumption plan. Lluch (1974) suggests a model with the same basic ideas
as Muellbauer, but formulates it differently. In Lluch’s model, the instantaneous utility
is a (time-invariant) function of the current consumption and a vector of consumption
capital variables. Each consumption capital variable is a function of past consumption,
and has properties similar to physical capital stock variables (e.g., as used in production
theory). Becker and Murphy (1988) has become a standard reference in the literature
dealing with addictive goods. Their model is quite similar to Lluch’s, but in addition
they allow the instantaneous utility function to depend on stocks of personal and social
capital. We, in contrast, represent preference variations by means of latent time invariant
variables within a static model.
The high frequency of zero expenditures requires a clarified strategy for treating them.
Basically there are three possibilities: (a) deleting them, (b) model them, or (c) treat
them as any other observations. We have chosen both alternative (c) and a moderate version of alternative (a). Below we will outline a framework for interpreting the
relationship between all three alternatives. The purpose of the study and the reasons
for zero expenditures are fundamental when choosing the modelling strategy. Choosing
alternative (c) can be justified by an argument given in Deaton (1990, p. 282): “The revenue effects of a tax change depend on how total demand is altered and not on whether
changes take place at the extensive or intensive margins.” If the object of interest is the
average tax paid by different types of households, or one wants to quantify their typical
behaviour for welfare analysis, alternative (c) provides the information needed and will
usually be the most easily obtainable. Alternative (a) is also a practical solution, but
depending on the reason for zero expenditures it may result in severely biased samples.
In the present application, deleting all households with zero tobacco expenditures is very
unattractive since this would leave us with less than 16 per cent of the total sample,
cf. Table 2. Instead, we delete only households with zero expenditures on both types of
tobacco, resulting in a sample without non-smokers. Alternative (b) is not pursued, as
multi-equation discrete-continuous choice models for unbalanced panel data with unobserved heterogeneity are too difficult to implement econometrically at the present stage,
not least because of the lack of available computer software. We will, however, outline a
two-equation Tobit-type model with two thresholds2 which will clarify some of the difficulties, but also, and more importantly, will make it possible to interpret differences in
2

Generalized Tobit models are discussed in Heckman (1976), Amemiya (1984), Deaton and Irish (1984),

Amemiya (1985, chapter 10), and Blundell and Meghir (1987), although not in a panel data context. As
far as we can see, however, even disregarding the panel aspect, none of the models considered in these
papers are similar to the two-equation model based on a truncated binormal distribution that we consider
here.
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estimation results from model strategies (a) and (c).
Assume, for simplicity, that the household’s maximizing behaviour results in a desired,
or latent, expenditure on cigarettes and handrolling tobacco,
∗ = xβ − σ u ,
yC
C
C C

(1)

∗ = xβ − σ u ,
yH
H
H H

respectively, where x is the (common) covariate vector, βC and βH are coefficient vectors,
σC and σH are positive constants (to be interpreted as disturbance standard deviations)
and (uC , uH ) are standardized disturbances which are assumed to be independent of x and
binormally distributed with zero means, unit variances, and coefficient of correlation ρ.3
The latent expenditures may be positive, zero, or negative. The observed expenditure
of a commodity is assumed to be equal to its latent expenditure when the latter is
positive. When the latent expenditure is negative, the consumer does not want to use
the commodity, and so the consumption is zero. The observed expenditures on the two
commodities are then
∗ , 0],
yC = max[yC

(2)

∗ , 0].
yH = max[yH

This implies that yC and yH , conditionally on x, jointly follow a truncated binormal
distribution.
Let φ(·) and Φ(·) denote the marginal density function and the cumulative distribution
function, respectively, of the standardized univariate normal distribution, and let Ψ(·, ·)
be the cumulative distribution function of the standardized binormal distribution with coefficient of correlation ρ. Let furthermore Φg = Φ(xβg /σg ), φg = φ(xβg /σg ) (g = C, H),
and ΨCH = Ψ(xβC /σC , xβH /σH ). Here, ΦC = P (yC > 0) and ΦH = P (yH > 0) are the
marginal smoking probabilities for cigarettes and handrolling tobacco, respectively, and
ΨCH in the probability of using both commodities. The probability of being a smoker,
i.e., of consuming at least one of the two commodities is then
ΦS = P (yC + yH > 0)
= P (yC > 0, yH = 0) + P (yH > 0, yC = 0) + P (yC > 0, yH > 0)
= (ΦC − ΨCH ) + (ΦH − ΨCH ) + ΨCH = ΦC + ΦH − ΨCH .
In Appendix we show that
(3)
3

E(yC |x) = xβC ΦC + σC φC ,
E(yH |x) = xβH ΦH + σH φH ,
We here, for simplicity, neglect the panel property of the data.
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and that
(4)

Φ
φ
E(yC |x, yC + yH > 0) = xβC ΦC + σC ΦC ,
S
S
φH
ΦH
E(yH |x, yC + yH > 0) = xβH Φ + σH Φ .
S

S

In the next section, we present our framework for estimating approximations to
E(yC |x), E(yH |x), E(yC |x, yC + yH > 0), and E(yH |x, yC + yH > 0). The estimation
of the last two conditional expectations is based on a subsample of smokers only, while
the estimation of the first two is based on the full sample. All approximations are specified as continuous in the exogenous variables, treating zeros and positive expenditures
alike. Equations (3) and (4) suggest that the approximations should be interpreted
as projections of an underlying discrete-continuous model [confer Olsen (1980), Goldberger (1981), and Greene (1981) for discussions of the single equation Tobit case, the
latter two assuming full normality]. They could also be regarded as projections of more
complex discrete-continuous models. The two-equation Tobit model above is quite restrictive since it assumes the same parametric structure for both smokers and non-smokers.
Cragg (1971) suggests a more flexible model for the single equation case, allowing exogenous variables to have different effect at the intensive and the extensive margins. For
tobacco this is reasonable. As an example, high income households may have smaller
probability of being smokers than low income households, but if they do smoke they are
likely to consume more. Cragg’s model have been generalized into double-hurdle models,
which consists of two parts, a Probit part and a Tobit part. Blundell and Meghir (1987)
use a double-hurdle model to account for infrequency of purchase. They interpret the
Tobit part as giving the actual consumption, allowing a corner solution, while the Probit part accounts for the difference between purchase and actual consumption in a two
week expenditure survey. In contrast, Jones (1989) interprets both hurdles as a result
of actual consumption decisions. The first decision, represented by the Probit part, is
whether to be a smoker or not. The second desision is how much to smoke, given that
the outcome of the first choice is to be a smoker. As this second decision is represented
by a Tobit it allows for corner solutions. Jones also suggests that the start-decision and
the stop-decision should be treated differently, leading to a trivariate model. The two interpretations of the double hurdles models suggest that an even more complicated model
could be applied – combining Jones’ double-hurdle with an additional hurdle to account
for infrequency.
It is a potential problem that maximum likelihood estimators for dicrete-continuous
models are sensitive to misspecification, even with respect to assumptions about the distribution of the error terms, see Godfrey (1988, Chapter 6). More robust estimators have
been suggested, for instance the Least Absolute Deviation estimator of Powell (1984),
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but they are generally harder to compute.
As mentioned, the continuous projections of discrete-continuous models with latent
heterogeneity are our main interest in this study. Since they are also quite easy to handle numerically they would in any case be valuable to have at hand before embarking
on discrete-continuous modeles. In Wangen and Biørn (2001), we give a further discrete choice analysis of the smoking probabilities for the two commodities, within the
framework of (binomial and multinomial) logit models.

3

Econometric framework and estimation procedure

This section elaborates the model specification and the estimation procedure for our
unbalanced panel data set. Our method is, to a large extent, based on Biørn (1999),
which gives a more detailed treatment.
All model versions we consider contain two equations, which are linear in the coefficients and can be written compactly as
ygit = xgit βg + αgi + ugit ,

g = 1, 2; i ∈ Sp ; p = 1, 2; t = 1, . . . , p,

where g is the equation number (g = 1 represents cigarettes and g = 2 represents handrolling tobacco), i is the household number, p is the number of periods in which the
households are observed, and t is the observation number. The N1 households observed
once have numbers in the index set S1 , and the N2 households observed twice have
their numbers in S2 . In total, there are n = N1 + 2N2 observations and N = N1 + N2
households. The endogenous variable in eq. g, ygit , is a scalar, xgit is a (1 × Hg ) vector
of exogenous variables (or transformations of such variables)4 , βg is its (Hg × 1) vector
of coefficients, αgi is a random household specific effect which includes the latent habit
component of commodity g, and ugit is a disturbance term. We consider these equations
when we use data for all households, as linear approximations to (projections based on)
(3), and when we use data for smoker households, as linear approximations to (projections
based on) (4). We can write the two equations as
(5)

yit = xit β + αi + uit = xit β + εit , εit = αi + uit ,

where



yit = 

y1it
y2it


αi = 
4





 , xit = 

α1i
α2i



x1it

0

0

x2it



 , uit = 

u1it
u2it

Details will be given in Section 5.
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i ∈ Sp ; p = 1, 2; t = 1, . . . , p,





, β = 


 , εit = 

β1
β2

ε1it
ε2it


,


.

We formally consider εit as a vector of ‘gross disturbances’ and assume that
(6)

E(αi ) = 02,1 ,

E(αi αj0 ) = δij Σα ,

(7)

E(uit ) = 02,1 ,

E(uit u0js ) = δij δts Σu ,

xit , αi , uit are uncorrelated,
where δij = 1 if i = j and δij = 0 if i 6= j, and Σα and Σu are positive definite (but
otherwise unrestricted) (2 × 2) matrices.
Let εi(p) denote the stacked (2p × 1) vector of εit ’s for the two equations and the p
0 ) =
observations of individual i (p = 1, 2). The composite covariance matrix E(εi(p) εi(p)

Ωε(p) , of dimension (2p × 2p), for each balanced subpanel with p observations then has
the form
Ωε(p) = Ip ⊗ Σu + Ep ⊗ Σα = Bp ⊗ Σu + Ap ⊗ (Σu + pΣα ),

(8)

where Ep is the (p×p) matrix with all elements equal to one, and Ip is the identity matrix
of order p, Ap = Ep /p, and Bp = Ip − Ep /p. The expression after the first equality sign
follows from (6) and (7). This is a convenient way of rewriting the covariance matrix,
since all columns of Ap are orthogonal to those of Bp , Ap and Bp add to the identity
matrix, and both are symmetric and idempotent.
The generalized least squares (GLS) problem for estimating the joint coefficient vector
β for known values of Σα and Σu is to minimize
(9)

Q=

2 X
X

[yi(p) − Xi(p) β]0 Ω−1
ε(p) [yi(p) − Xi(p) β],

p=1 i∈Sp

where yi(p) and Xi(p) are the stacked vector/matrix of yit ’s and xit ’s for the p observations
of individual i, with respect to β for given Σα and Σu , subject to (8), using the fact that
−1
−1
Ω−1
ε(p) = Bp ⊗ Σu + Ap ⊗ (Σu + pΣα ) .

The GLS estimator of β is


(10)

βbGLS = 

2 X
X

−1 
0

Xi(p)
Ω−1
ε(p) Xi(p)

2 X
X




0

Xi(p)
Ω−1
ε(p) yi(p) .

p=1 i∈Sp

p=1 i∈Sp

If Σα and Σu were unknown, but εit were known, unbiased estimators of these covariance
matrices would be [see Biørn (1999, p. 4)]
(11)

b u = Wεε ,
Σ

n−N

bα =
Σ

12

N − 1W
Bεε − n
− N εε ,
P2
N p p2
n − p=1n

Pp
P2 P
0
0
i∈Sp
p=1
i∈Sp p (εi· − ε) (εi· − ε) ,
t=1 (εit − εi· ) (εit − εi· ) , Bεε =
P
Pp
1 P2
1 Pp
p=1
i∈Sp
t=1 εit , and εi· = p
t=1 εit for i ∈ Sp , which are, respectively, the
n

where Wεε =
ε=

P2

p=1

P

within variation, the between variation, the global mean, and the household specific
means of the ε disturbances. Note that the estimator of the covariance matrix of the
individual effects, Σα , utilizes disturbances from both households observed once and
twice, while the covariance matrix of the genuine disturbances, Σu , is estimated from
disturbances from those observed twice only.
The log-likelihood function of the endogenous variables, to be maximized in the full
Maximum Likelihood (ML) problem, is:
L = −n ln 2π −

(12)

2
1X
1
Np ln |Ωε(p) | − Q (β, Σu , Σα ) .
2 p=1
2

Following Biørn (1999, section 4), we split the full ML problem into two conditional subproblems: (A) Maximization of L with respect to β for given Σα and Σu , and (B) Maximization of L with respect to Σα and Σu for given β. This motivates an iteration
procedure as follows: In the first step we choose some initial values of Σα and Σu and
solve subproblem A. The solution to subproblem A is then used as input in subproblem
B; the solution to subproblem B obtained is next used as input in subproblem A, and so
on. Oberhofer and Kmenta (1974) [see also Breusch (1987) and Baltagi and Li (1992)]
give a set of assumptions which ensure that this kind of ‘zig-zag’ procedure generates at
least one accumulation point, which will be a local maximum of L.
Splitting the maximization problem in this way, greatly simplifies the computation.
Subproblem A is identical to GLS, so if the estimators of Σα and Σu used in the GLS
iterations also were solutions to subproblem B, the GLS-iteration would generate the
Maximum Likelihood (ML) estimators. However, this is not the case. Except for restrictive special cases, subproblem B does not even have a closed form solution. This can be
seen from its first order conditions [cf. Biørn (1999, eq. (64))]:
2 h
X

−1
Np Σ−1
(p) + Np (p − 1) Σu

i

=

p=1

i

−1
−1 f
−1
e
Σ−1
,
(p) Bεε(p) Σ(p) + Σu Wεε(p) Σu

p=1
2
X

Np pΣ−1
(p)

p=1

f
where W
εε(p) =

2 h
X

P

i∈Sp

Pp

t=1 (εit

=

2
X

−1
e
pΣ−1
(p) Bεε(p) Σ(p) ,

p=1

P
0
e
− εi· ) (εit − εi· )0 , and B
εε(p) = p
i∈Sp (εi· − ε) (εi· − ε) ,

and Σ(p) = Σu + pΣα . In the general case, numerical solution strategies should be
considered for solving subproblems A and B iteratively.
To simplify the computations we have used the following modified iteration procedure:
1. Compute the OLS estimates of β and the residuals for each equation separately.
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2. Estimate Σα and Σu by (11), letting the residuals replace the error terms.
3. Compute the GLS-estimator of β, using the Σ estimates from step 2.
4. Repeat steps 2 – 4 until convergence.
The numerical calculations for this iterative Feasible GLS (FGLS) procedure are performed by means of a computer program written in the Gauss software code by the
authors.

4

Data

The data set is taken from the Norwegian Surveys of Consumer Expenditures, collected
by Statistics Norway, for the years 1975 – 1994 and detailed official Consumer Price
Indexes for the same period. The consumer survey data consist of a rotating panel in
which roughly 30 per cent of the households participate in two subsequent years and
the rest is observed once. The expenditure data are collected almost evenly throughout
the year. Roughly 1/26 of the households participate between the 1st and the 14th
of January, roughly 1/26 participate between the 15th and the 28th of January, and so
on. Most of the expenditure data are reported in two-week accounting periods, and yearly
expenditure is estimated simply by multiplying the two-week amount by 26. Expenditure
on goods with a low purchase frequency rate (e.g., certain durables) are reported in annual
interviews.
Tables 1 – 3 contain summary information of the data set. Table 1 gives an overview
of definitions, abbreviations, and some descriptive statistics for the variables.5 Table 2
contains the user frequencies for one or both tobacco commodities. Table 3 reports the
number of households observed once and twice in the data set, classified by year. It
describes the rotation design of the data set, formally combining 19 balanced two-wave
panels with 20 year specific cross-sections. For each year in the 20 year data period, on
average about 900 households are observed once and about 200 households are observed
twice, giving a total average of about 1300 reports from about 1100 households.
Total consumption expenditure excluding durables is the income measure used. The
exclusion of durables is done mainly to reduce the number of extreme observations, but
also for theoretical reasons. In the official definition of total consumption expenditure,
purchases of durables are treated as any other commodity, and symmetrically, revenues
from selling such commodities are counted as a negative expenditure. This, in fact, causes
total consumption expenditure, including transactions in durables, to be negative for sev5

Total consumption expenditure, age, and cohort have been rescaled to give a mean value of an order

of magnitude equal to unity, in order to reduce round off errors in the numerical calculations. Confer
Table 1.
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eral households which have sold durables and to be extremely high for several households
which have had large expenditures on such commodities during the observation period.
In any case, our exclusion of durables should give a better proxy as an income measure.6
The price indexes are from the monthly official Consumer Price Index (CPI) and
sub-indexes. The total CPI is used as deflator of the total consumption expenditure
excluding durables, while for cigarettes and handrolling tobacco the corresponding detailed sub-indexes have been used. Following a simple set of rules, the monthly price
indexes are converted to fit into the two-week periodization in the consumer survey.7
The relative price between cigarettes and handrolling tobacco has been declining during
the observation period, see Figure 1.
The CPI and its sub-indexes are reported only for the whole country, implying that
all households are facing the same tobacco prices. However, this assumption may not be
as strong as it seems; due to a recommended price policy there was very little, if any,
intra-monthly dispersion of prices until early 1991. Probably, most of the variation after
1991 is caused by differences in vendors’ mark-up. As far as we know, there is very little
difference in prices between brands (within each group of the two tobacco goods) and
no particular geographical variation. The neglect of inter-monthly variation in prices is
appropriate for the period until 1991, but probably less accurate thereafter.8
The expenditure on cigarettes and other smoking tobacco is defined as the nominal
expenditure divided by the detailed consumer price index of each item. This gives a measure of consumption that is proportional to physical consumption (measured in grams),
each commodity having its specific factor of proportionality. Assuming that the total
CPI does not differ substantially from the sub-index for durables, a similar deflating is
made for the total expenditure on non-durables and the sub-indexes of cigarettes and
handrolling tobacco. The average yearly consumption of the two tobacco commodities,
measured in grams, is shown in Figure 2.
The household size is represented by the number of household members in four age
intervals, 0 – 15 years, 16 – 30 years, 31 – 60 years, and 61 – 99 years. Four characteristics
of the head of household are included. Age is measured in the observation year, cohort is
6

We searched each of the 19 two-wave panels and the 20 cross-sections specified in Table 3 for univariate

outliers. If an observation was more than twice the size of its closest neighbour when the observations in
these subgroups were ordered by size, it was censored and set to twice the value of its closest neighbour.
In all we censored six observations.
7
For two-week periods which belong entirely to one calendar month, the respective months’ indexes are
applied directly. For periods overlapping two months the indexes are calculated as weighted arithmetic
means of the two months’ indexes, using the relative number of days in each month as weights.
8
Since brand differences in quality are not reflected in prices, these two groups are quite homogeneous
along the price dimension at each moment of time, and homogeneous in quality over the entire period.
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(rescaled) year of birth, gender is one for females and zero otherwise, and activity is one
if the head of household is economically inactive and zero otherwise. Finally, two sets
of geographical dummies are included. The first set (west, mid, north, east) indicates
in which trade region the household is located. The second set [rural, densely, city (the
three largest cities)] indicates the population density in the residence municipality.9
For most of the variables, there is only small differences between the smoking and
no-smoking households, with the two obvious exceptions of the consumption of cigarettes
and handrolling tobacco (Table 1). We have not formally tested whether or not the two
samples are drawn from the same population, but simply noted that demographic and
geographic variables are quite close in the two samples.

5

Empirical results

Overview. Hierarchy of models and model nomenclature
We can divide the model’s explanatory variables, contained in the vectors x1it and
x2it , into four categories: (i) total expenditure and prices, (ii) household size variables,
(iii) characteristics of the head of household (main income earner), and (iv) geographic
dummy variables (see Table 1). Twenty model versions are considered, but for only a
few we report coefficient estimates.
The version chosen as the basic model and the only one for which we report a full set
of results (Tables 7 – 10), is a model in which all variables under (i) – (iv) are included
and assumed to affect the consumption of both tobacco commodities linearly. This
implies, for instance, that the Engel and the Cournot derivatives (in terms of deflated
expenditure and prices) are constant. We use a nomenclature in which this specification
is labeled Model LLLL, where the four characters refer to the groups of variables (i) – (iv),
respectively, L symbolizing ‘linear’. Quadratic terms and/or interaction terms in some of
the variables, symbolized by Q in the model label, are included as additional regressors
in some models. This makes it possible, to some extent, to examine the curvature of the
demand functions and the sensitivity of their derivatives to changes in the background
variables, and to test for linearity.10 Throughout, the same functional form is assumed
for both tobacco goods, i.e., x1it = x2it . To keep the number of model versions tractable,
we a priori disregard any kind of interaction between the four groups of variables, so that,
9

In order to avoid the dummy trap, one category in each set is excluded in the linear regressions

(“east” and “city” – which means Oslo). In the “quadratic” regressions (see Section 5), the category
“east*city” is excluded.
10
An additional argument for allowing for non-linearities is the interpretation of the equations we
estimate as approximations. See Olsen (1980) for a discussion of a simpler case.
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for instance, household size, age, and geographic region are not allowed to affect the Engel
or Cournot derivatives. Neither do we include quadratic terms or interaction terms in the
price variables and interaction terms involving the activity dummy. The model version
which includes quadratic terms and interaction terms for each of the four groups of
variables is thus labeled Model QQQQ, Model QLQL includes linear and square terms in
total expenditure and linear, square, and interaction terms in age, cohort, and the gender
dummy, and is linear otherwise, etc. Omission of a variable group is symbolized by O,
so that, for instance, Model LLLO excludes all geographic dummies from an otherwise
linear specification. The model versions (hypotheses) can be arranged in a hypothesis
tree, such that, for instance, Models QLQL and LLLL are nested within QQQQ, Models
LLLO, LLOL, LOLL are nested within LLLL.
With a few exceptions, all models are estimated by Maximum Likelihood, approximated as iterative FGLS, as described in Section 3, for two data sets, one including all
observations and one including observations from smoking households only. A smoking
household is defined as a household reporting positive expenditure on at least one of the
two tobacco goods in at least one of the years of observation (two for the panel, one for
the cross-section).
We ‘structure’ the discussion of our findings by successively focusing on different
aspects of the results, starting with the goodness of fit of the various models. The
differences between the results based on the full sample and on the sub-sample of smokers
will be touched upon at some places, leaving a more systematic discussion and comparison
to the next last section. In the final section, we compare selected ML/FGLS results with
results based on other estimation methods.
Goodness of fit
The goodness of fit of the twenty models, expressed by their log-likelihood values (after
omission of an irrelevant constant), is reported in Table 4. The number of unknown
parameters in the likelihood function is given in column 1. We find that removing from the
basic model, respectively, the household size variables, the age/cohort/gender variables,
and the geographic dummies, all lead to a substantial drop in the log-likelihood function
(compare Model LLLL with LOLL, LLOL and LLLO). In all cases, this drop is highly
significant according to a likelihood ratio test,11 which gives a clear evidence that all these
groups of variables are significant in explaining tobacco consumption. Not unexpectedly,
we also find that the income and price variables are highly significant; the log-likelihood
value of Model LLLL exceeds that of Model OLLL by more than 450, even though the
11

Strictly, Likelihood ratio tests based on the likelihood function value evaluated at the estimator point

obtained by iterative FGLS (cf. the last part of Section 3) are only approximately valid.
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latter only includes six fewer parameters.
Unobserved heterogeneity
We next consider the degree of heterogeneity in tobacco consumption as characterized
by properties of the distribution of the latent α vector. This vector can be interpreted
as including ‘stock of habits’ related to the two tobacco goods, as discussed in Section 1.
An examination of the variation of its estimated covariance matrix, Σα , across model
versions is interesting. The variances, (σα1α1 , σα2α2 ), can be taken as indicators of the
latent preference variation for cigarettes and handrolling tobacco, respectively, while the
covariance, σα1α2 , indicates the latent preference covariation between the two goods.
The estimated Σα for the twenty model versions are shown in Table 5. The variances
based on observations from both smokers and non-smokers and the corresponding covariances are given in columns 1 – 3; similar estimates confined to smokers only are given in
columns 6 – 8. Starting with Model LLLL and successively removing all regressors until
we finally retain only the intercept term, we find that the estimates of (σα1α1 , σα2α2 ) increase from (64.54, 42.67) to (72.77,47.16) when we use observations from all households
and increase from (97.05,49.25) to (121.06, 55.08) when we include smokers only. The
overall tendency is that these variances decrease when more variables (including square
and interaction terms) are included in the model – in agreement with our expectations.
In particular, the variances decrease when we include square terms in income, age, and
cohort (compare the results in the first five rows of Table 5). This holds for both commodities, and the tendency is more pronounced when only smokers are considered than
when also non-smokers occur in the data set.
Estimates of the ratio between σαgαg and the gross disturbance variance, var(εgit )
= σαgαg + σugug (g = 1, 2), are given in Table 5, columns 4 and 5 (all households)
and columns 9 and 10 (smokers). This ratio, ρg , can be interpreted either (i) as the
coefficient of correlation between the two realizations of the gross disturbance εgit from
the households observed twice, or (ii) as a (dimensionless) measure of the degree of latent
habit. The estimates of (ρ1 , ρ2 ) increase from (0.6878, 0.7287) to (0.7149, 0.7487) when
we successively go from the ‘full’ linear Model LLLL to a model with only an intercept
term, using data from all households. Including smokers only, the corresponding ratios
increase from (0.6421, 0.6313) to (0.6963, 0.6567). Thus, by and large, the ρg ’s are fairly
constant across model versions, about 60 – 70 per cent, although they tend to decrease
slightly with increasing size of the model. Maybe this is a characteristic of the habit
structure of tobacco goods in Norwegian households. It should be remembered, though,
that several non-economic variables which allegedly affect tobacco consumption, e.g.,
measures related to ethnicity, religion, and education, are not included in our data set.
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It remains an open question whether inclusion of these variables would have reduced the
estimates of σαgαg or ρg further.
The estimate of the ‘preference covariance’ σα1α2 is positive when based on the data
set for all households, but negative when only smokers are included. The different sign
may be explained as follows. Inclusion of non-smokers makes the consumption predicted
by the model higher than the actual consumption for non-smokers, and tends to make
it lower for smokers. The whole sample contains a large proportion of non-smokers, i.e.,
with zero consumption of both commodities in both periods. Non-smokers consume less
than the (conditional) average, and do so systematically over time. This will give a
tendency for the latent effect to be negative for both commodities, and thus lead to a
positive correlation. The sample of smokers, one the other hand, contains a substantial
share of zero observations of one of the commodities, since many smokers use only one
kind of tobacco. If this pattern is systematic over time, smokers who only use cigarettes
will tend to have a positive α1 and a negative α2 , and vice versa for smokers who only
use handrolling tobacco.
As our observation period is rather long, we are able to uncover possible trends
or cyclical patterns in the estimated unobserved heterogeneity along with the overall
‘structural’ change in tobacco consumption illustrated in Figure 2. For this purpose,
we have examined the residuals from the estimation of Model LLLL on the full data
set separately for each of the 19 sub-panels. Results corresponding to those in Table 5,
obtained by using (11) for each sub-panel, are reported in Table 6. Neither the estimates
of the absolute variances σαgαg nor their relative counterparts, ρg , paints a very clear
picture. In the second half of the period the variance is somewhat higher than in the
first half for cigarettes; for handrolling tobacco the variance shows a weakly negative
trend (columns 1 and 2). This may suggest that the habit structure for tobacco is
characterized by increasing latent heterogeneity in cigarette consumption and slightly
decreasing heterogeneity in the consumption of handrolling tobacco during the 20 year
period. Apart from two outliers for cigarettes, ρ1 = 0.34 in the 1983 – 1984 panel
and ρ1 = 0.41 in the 1991 – 1992 panel (both of which reflect relatively high estimated
genuine disturbance variances), the relative variances are fairly stable, about 0.60 – 0.80
for cigarettes and about 0.65 – 0.85 for handrolling tobacco. The corresponding ‘overall’
estimates in Table 5 are 0.69 and 0.73, respectively. We thus find no strong signs that
time invariance of the covariance matrices Σα and Σu is invalid, although an improved
goodness of fit could have been obtained by relaxing this assumption.
Engel and Cournot derivatives and elasticities
A full set of coefficient estimates of selected models are reported in Tables 7A–B (quadratic
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models) and 8A–B (linear models). We interpret the elasticities with respect to total expenditure, calculated from these estimates and evaluated at the overall sample mean of
the regressors, given in the first section of Table 9 (rows 1 – 10), as estimates of the
average Engel elasticity. Results from both samples suggest that at the mean income,
cigarettes is a luxury good (Engel elasticity greater than one) and that handrolling tobacco is a necessity (Engel elasticity between zero and one) or a weakly inferior good
(negative Engel elasticity). The average household then will, with increasing income,
increase the consumption of cigarettes and keep the consumption of handrolling tobacco
roughly constant. It is unlikely that individual and heterogeneous households adjust
smoothly to a marginal increase in income, since only a fraction of the households uses
both tobacco commodities. However, it seems reasonable that low income households are
more inclined than high income households to choose the cheaper of the two substitutes,
and that this gives rise to the estimated elasticities.
Examining the curvature of the Engel functions is also interesting. In Model QQQQ
the coefficient of the squared total expenditure is significantly negative,12 while that of its
linear term is significantly positive. This applies to both commodities and both samples.
For the sample of all households, the estimated functions have maxima at total expenditure 3.92 and 1.57 (corresponding to 392 000 and 157 000 1979-NOK) for cigarettes and
handrolling tobacco, respectively. The corresponding maxima for the sample of smokers
are 3.78 and 1.28. The maxima for handrolling tobacco are much closer to the sample
mean of total expenditure (0.697) than the maxima for cigarettes. Concavity of the estimated functions is not surprising, considering possible saturation effects in total tobacco
consumption. The closeness of the maximum point to the sample mean of handrolling
tobacco strengthens our conclusion that it is an inferior good for the upper part of the
income range. A strict interpretation of the concave quadratic function for cigarettes also
implies that demand for cigarettes will decrease at high incomes. However, the number
of observations in the income range where the function value decreases, is substantially
lower for cigarettes than for handrolling tobacco.
The qualitative pattern of the price elasticities is robust across model variants and
samples (compare the rows in the second and third section of Table 9), but the numerical
values differ somewhat. For both commodities, the estimated own price elasticities are
negative and quite large in absolute value, and the cross price elasticities are positive,
suggesting that the commodities are substitutes, as predicted. In Model LLLL estimated
on data for all households, the direct price elasticity for cigarettes is -1.700 and its cross
price elasticity in the equation for handrolling tobacco is 0.788. Thus, the effect of a
12

A 5 per cent significance level is used throughout this paper.
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one per cent increase in the cigarette price add up to a decrease in total consumption
of tobacco of 0.9 per cent. Similarily, a one per cent increase in the price of handrolling
tobacco reduces the consumption of handrolling tobacco by 0.829 per cent and increases
the consumption of cigarettes will increase by 0.825, adding up to a negligible decrease
in total consumption.
Effect of household size variables
The household size is commonly considered an important determinant of household expenditure on most commodities. Our data do not permit us to model and analyze the
intra-household decision process for the two tobacco commodities. Following Wangen and
Aasness (2001), we interpret differences in the number of household members, cet.par. as
differences in ‘relative household income’ – meaning that, for a given total expenditure, a
household gets poorer if its size is increased by one person. We would expect an increased
number of children (0–15 years) to have a negative effect on tobacco consumption, since
the household is getting poorer and the newcomer is (presumably) a non-smoker. If a
newcomer is an adult smoker, this will have a positive effect on the household tobacco
consumption – it is an open question whether or not this effect is stronger than the effect
of reduced income per person. On the other hand, we can expect substitution to affect
the two tobacco goods oppositely – as poor households may be more inclined than rich
ones to choose the cheaper commodity.
From the results for Model LLLL estimated on data for all households (Tables 7A
and 8A), we find a negative coefficient estimate for the number of children for both
tobacco commodities. For the number of persons in the other age groups, all coefficients
are positive. The coefficient values are generally higher for handrolling tobacco than for
cigarettes, indicating that substitution induced by changes in household size is important.
Using the data set for the smoking households only (Tables 7B and 8B), we find higher
coefficient estimates for handrolling tobacco than for cigarettes. A distinct feature of the
latter sample is that all the four age group variables have positive coefficient estimates for
the handrolling tobacco equation, whilst they are negative in the cigarette equation. This
is quite reasonable since substitution effects should be expected to be more pronounced
in the sub-sample of smokers than in the whole sample.
Effect of characteristics of the head of household
It is not straightforward to interpret the impact of characteristics of a particular household member on the consumption of the whole household – unless it is a one-person
household. Economic inactivity of the head of household (main income earner) surely
has a strong influence on the household income; the effects of gender, age, and cohort
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are less obvious. To some extent age is also related to economic inactivity. We do not
have a structural theory for these variables, and therefore do not intend to give a complete interpretation of the estimated effects. The following interpretation is something
between a description of the systematic differences between households, and a simplified
structural ‘analysis’ under the assumption that the head is dominating the behaviour of
the whole household.
In Model LLLL, the effect of economic inactivity is insignificant for cigarettes, but
significantly positive for handrolling tobacco (Tables 7A–B and 8A–B). Hence, the households with inactive heads have a higher consumption of tobacco, and they tend to use
the cheaper alternative. In the same model and for both samples, the coefficients of
the gender dummy is significant in both equations, but have opposite signs.13 This may
reflect that it is less fashionable for women to smoke handrolling tobacco than cigarettes.
Age and cohort are interesting explanatory variables, as tobacco consumption may
vary over the life-cycle and individuals born in the same year share a common history (including the impact of anti-smoking campaigns etc.). Their coefficients in Model
LLLL show a quite similar pattern for the two samples – both coefficients are positive
for cigarettes and negative for handrolling tobacco. Apart from the age coefficient for
cigarettes in the sample of all households, all coefficient estimates are significant.
In the more general Models QLQL and QQQQ, there are no significant coefficients
of age and cohort for cigarettes in neither of the samples. For handrolling tobacco many,
but not all, of the estimates are significant. For Model QLQL, handrolling tobacco, we
find that the estimated function is globally concave in age and cohort and declining over
the sample range. At the outset we expected the curvature to be more pronounced than
these results imply. However, we should keep in mind that the regressions include neither
a trend variable – as the sum of the age and cohort variables equals current time – nor
period dummies, and unmodeled trend effects may interfere. The quadratic functions in
age and cohort add even more flexibility to the variation over time accounted for. Thus,
although the results are not as easily interpretable as we could hope for, at least the
structure we have modeled may serve as a correction of trend effects.
Since the relative prices only varies over time, and do so monotonically, unmodeled
13

Consumption is measured in real expenditure, expressed 1979-NOK. For many purposes it is inter-

esting to use weight units. Provided that the two commodities are (internally) homogeneous in prices,
the weight measure is a proportional transformation of the deflated value of the expenditure, where the
factor of proportionality for handrolling tobacco is roughly three times the factor for cigarettes. If the
results were translated onto a weight scale, the effect of gender on total tobacco consumption would
be opposite: Compared with males, females have a higher tobacco expenditure, but they buy a smaller
physical amount.
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trend effects might have a major impact on the estimated price coefficients, but this
does not seem to be the case. In Tables 7A and 7B the absolute value of the own-price
coefficient of handrolling tobacco in Model LLLL is higher than in Models QLQL and
QQQQ. Otherwise, there is only negligible differences.
Effect of geographic dummy variables
The demographic dummies are significant, with opposite signs, in the two equations of
Model LLLL (Table 7A), and the coefficient estimates based on the data set for smokers
are roughly twice as large as those based on the whole sample. Compared with the base
geographic region and the largest city, Oslo, households in all regions use less cigarettes
and more handrolling tobacco. The more elaborate spesification of dummies in Model
QQQQ have the same characteristics. In addition there is an indication that, with respect
to smoking habits, the second and third largest cities (Bergen and Trondheim) are more
similar to Oslo than to the other areas within their respective regions, cet. par.
Effect of sample and censoring
The results presented above do not invite making inference on the magnitude of the
coefficient vectors βC and βH in eq. (1), which is a simplified representation of the
equations which determine the latent expenditure of the two commodities. Comparing
Tables 7A and 8A (based on data for all households, i.e., the ‘non-censored’ data set)
with Tables 7B and 8B (based on data for smoker households, i.e., the ‘censored’ data
set), we find substantial differences between the coefficient estimates. In general, the
latter exceed, in absolute value, the former. This is not surprising, in view of their
different interpretion; cf. the discussion leading up to eqs. (3) and (4) (when we, for
simplicity, disregard the panel dimension of the model and data). We have that E(yg |x) =
ΦS E(yg |x, yC + yH > 0), g = C, H, for all x, where ΦS ∈ (0, 1) is the overall smoking
probability. If the smoking probability were a constant independent of the covariates,
say p, all coefficients in Tables 7A and 8A should have been p times the corresponding
coefficients in Tables 7B and 8B, and the Engel and Cournot elasticity estimates in
Table 9, columns 1 and 3 (based on the complete data set) should have been equal to
those in columns 5 and 7 (based on the censored data set). Obviously, the smoking
probability is not independent of the covariates. Inspecting the coefficient estimates of
the demographic variables for Model LLLL in Tables 8A and 8B, we note, for instance,
that the estimates for adults (dem2, dem3, and dem4) for cigarettes and the estimates
for children (dem1) for handrolling tobacco have opposite signs for the two samples. This
contrasts with many applications of single equation Tobit models, where typically the
OLS projection is biased towards zero as compared with the coefficients of the underlying
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equation in the latent variables.14 Similar results have not yet been established for the
bivariate Tobit, and thus we cannot, by this observation alone, conclude that more general
discrete-continuous models should be applied. This topic will not be pursued here, but
some aspects are discussed in Wangen and Biørn (2001), which contains a discrete choice
analysis of the smoking probabilities for the two commodities, within the framework of
(binomial and multinomial) logit models.
Other estimators
The estimates reported so far are based on the random effects specification of the model
and obtained by the modified ML procedure described in Section 3. The final tables,
Tables 10A–B contain coefficient estimates for Model LLLL based on four different estimators and the panel part of the data set only: The Ordinary Least Squares (OLS),
the Feasible Generalized Least Squares (FGLS), the between household estimator (B),
and the within household estimator (W). In a single equation context, both the OLS
and the FGLS can be interpreted as matrix weighted averages of B and W, FGLS giving a relatively “smaller” weight to B and a relatively “larger” weight to W than OLS
[see Hsiao (1986, section 3.3.2) and the examples related to Engel function estimation in
Biørn (1994)].
From these results it is obvious that heterogeneity in tobacco consumption is important, not only as an issue on its own, but also for the conclusions which can be drawn
about the coefficients of the demand functions. First, the estimates based on OLS, which
disregards heterogeneity, differ markedly from the FGLS and the W estimates. For instance, the OLS estimate of the cross price effect of cigarettes has the (theoretically)
wrong sign. Second, the FGLS and the W estimates also differ considerably, although
all price coefficients of both these models have the right signs. The latter is the estimator we would obtain in a fixed effects specification (interpretation) of the heterogeneity,
and this estimator, unlike the FGLS, is robust to correlation between the latent habit
effects (including addiction) and the regressor vector in a random effects setting. On the
other hand, it utilizes only the within variation in the data set – which, with only two
observations of each household in the panel, means that it operates on the differences
between the two observations and disregards any level information. This is a considerable
disadvantage and gives the method a potentially low efficiency compared with the FGLS
and the ML [confer Biørn (1994, table 8)]. Moreover, the estimates of coefficients of
demographic variables and geographic dummies may be unreliable. These variables are
close to being household specific and so a few households with non-zero differences may
14

Identification problems and problems related to the choice of parameters of interest for models with

censoring are discussed in Heckman (1990) and Leung and Yu (1996).
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dominate the results. We therefore conclude that in the present context, despite its larger
potential robustness towards error specification, the W estimator is no real competitor
to FGLS and ML.

6

Concluding remarks

In this paper we have presented an empirical demand study of two closely substitutable
tobacco commodities, cigarettes and handrolling tobacco, based on combined panel data
and cross-section data from more than 18 000 Norwegian households. The panel aspect
of the data set has been used to identify unobserved individual effects in tobacco consumption, part of which can be attributed to addiction. The model used is formally a
system of two static regression equations with random individual heterogeneity, which is
estimated by a modified, stepwise Maximum Likelihood procedure.
Different linear and non-linear model versions are estimated and we find a tendency
that the variances of the latent individual effects decrease when more variables (including
square and interaction terms) are included. The tendency is more pronounced when only
smokers are considered than when also non-smokers are included in the data set. Relative
to the gross disturbance variances, however, these variances are, however, fairly constant
across models, and as large as about 60 – 70 per cent. This can be taken as a support
to the addiction hypothesis even if the estimated heterogeneity probably also reflects the
effect of explanatory variables related to, inter alia, ethnicity, religion, and education,
which are not observed in the present data set. We have been unable to detect trends
or cyclical patterns in the estimated degree of unobserved heterogeneity along with the
overall ‘structural’ change in tobacco consumption over the data period, 1975 – 1994,
although some year to year variation is found.
For both tobacco commodities, the estimated own price elasticities are negative and
the cross-price elasticities are positive, as predicted by consumer theory. The qualitative
conclusions that cigarettes is a luxury good and handrolling tobacco is a necessity or a
weakly inferior good at the sample mean is robust over model variants and hold both
when the data set includes all households and only smokers.
Finally, some attention has been given to differences between estimation results based
on the full sample and the censored sample with only observed smokers included. A fuller
discussion of estimation problems for two-commodity discrete-continuous choice tobacco
demand models for panel data with heterogeneity is left for future research. A more
limited discrete-choice analysis of tobacco consumption, using the same panel data set,
is given in Wangen and Biørn (2001).
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Appendix. Proof of (3) and (4)
Let φ(·) and Φ(·) denote the marginal density function and the cumulative distribution
function, respectively, of the standardized normal distribution. Let Ψ(·, ·) denote the cumulative distribution function of the standardized binormal distribution with coefficient
of correlation ρ. In Rosenbaum (1961, p. 406) [see also Maddala (1983, p. 368)] it is
shown that
E(ug |ug > c, uj > d) =

φ(c)[1 − Φ(d∗ )] + ρφ(d)[1 − Φ(c∗ )]
.
P (ug > c, uj > d)

where ug , uj (g, j = C, H) are the disturbances in (1) and
c∗ =

c − ρd
(1 − ρ2 )

1
2

d∗ =

,

d − ρc
1

(1 − ρ2 ) 2

.

In a similar way, we find
φ(c)Φ(d∗ ) + ρφ(d)Φ(c∗ )
,
P (ug < c, uj < d)
φ(c)[1 − Φ(d∗ )] − ρφ(d)Φ(c∗ )
,
E(ug |ug < c, uj > d) = −
P (ug < c, uj > d)
φ(c)Φ(d∗ ) − ρφ(d)[1 − Φ(c∗ )]
E(ug |ug > c, uj < d) =
,
P (ug > c, uj < d)
g, j = C, H; g =
6 j.
E(ug |ug < c, uj < d) = −

(A.1)

Since
P (ug < c, uj < d) = Ψ(c, d),
P (ug < c, uj > d) = Φ(c) − Ψ(c, d),

g, j = C, H; g 6= j,

P (ug > c, uj < d) = Φ(d) − Ψ(c, d),
we then define
λ(c) = E(ug |ug < c) = −

φ(c)
,
Φ(c)

φ(c)Φ(d∗ ) + ρφ(d)Φ(c∗ )
,
Ψ(c, d)
φ(c)[1 − Φ(d∗ )] − ρφ(d)Φ(c∗ )
µLG (c, d; ρ) = E(ug |ug < c, uj > d) = −
,
Φ(c) − Ψ(c, d)
φ(c)Φ(d∗ ) − ρφ(d)[1 − Φ(c∗ )]
µGL (c, d; ρ) = E(ug |ug > c, uj < d) =
,
Φ(d) − Ψ(c, d)
g, j = C, H; g 6= j.
µLL (c, d; ρ) = E(ug |ug < c, uj < d) = −

(A.2)

The moment generating function of the truncated multinormal distribution is derived
and discussed in Tallis (1961); see also Amemiya (1974, section 2).
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From (1) and (2), using (A.2), we derive the following expresions for the conditional
expectations of the latent expenditures with one threshold
(A.3)

∗ |x, y ∗ > 0) =
E(yC
C
∗ |x, y ∗
E(yH
H

xβC − σC E(uC |uC < xβC /σC )

= xβC − σC λC ,

> 0) = xβH − σH E(uH |uH < xβH /σH ) = xβH − σH λH ,

where
λg = λ(xβg /σg ),

g = C, H,

and with two thresholds
∗ |x, y ∗ > 0, y ∗ > 0) = xβ − σ E(u |u < xβ /σ , u < xβ /σ )
E(yC
C
H
C
C
C C
C
C
H
H
H
= xβC − σC µLLCH ,

(A.4)

∗ |x, y ∗ > 0, y ∗ > 0) = xβ − σ E(u |u < xβ /σ , u < xβ /σ )
E(yH
H
C
H
H
H C
C
C
H
H
H
= xβH − σH µLLHC ,
∗ |x, y ∗ > 0, y ∗ < 0) = xβ − σ E(u |u < xβ /σ , u > xβ /σ )
E(yC
C
H
C
C
C C
C
C
H
H
H
= xβC − σC µLGCH ,
∗ |x, y ∗ > 0, y ∗ < 0) = xβ − σ E(u |u > xβ /σ , u < xβ /σ )
E(yH
H
C
H
H
H C
C
C
H
H
H
= xβH − σH µLGHC ,

where
µLLgj = µLL (xβg /σg , xβj /σj , ρ), µLGgj = µLG (xβg /σg , xβj /σj , ρ),

g, j = C, H; g 6= j.

Since yg = max[yg∗ , 0], (g = C, H) [cf. (2)], (A.3) and (A.4) can be restated in terms of
the observed expenditures as
E(yC |x, yC > 0) = xβC − σC λLC ,

(A.5)

E(yH |x, yH > 0) = xβH − σH λLH ,

and
E(yC |x, yC > 0, yH > 0) = xβC − σC µLLCH ,
(A.6)

E(yH |x, yH > 0, yC > 0) = xβH − σH µLLHC ,
E(yC |x, yC > 0, yH = 0) = xβC − σC µLGCH ,
E(yH |x, yH > 0, yC = 0) = xβH − σH µLGHC .

Using (A.2), (A.5), and the law of iterated expectations, we find that
(A.7)

E(yC |x) =

E(yC |x, yC > 0)ΦC + 0(1 − ΦC )

= xβC ΦC + σC φC ,

E(yH |x) = E(yH |x, yH > 0)ΦH + 0(1 − ΦH ) = xβH ΦH + σH φH ,

where Φg = Φ(xβg /σg ), φg = φ(xβg /σg ) (g = C, H), ΦC and ΦH being the marginal
smoking probabilities for cigarettes and handrolling tobacco, respectively. An alternative
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way of deriving (A.7) is to use (A.2), (A.6), and the law of iterated expectations. This
gives
E(yC |x) = E(yC |x, yC > 0, yH > 0)ΨCH
+E(yC |x, yC > 0, yH = 0)(ΦC − ΨCH ) + 0(1 − ΦC )
(A.8)

= xβC ΦC + σC φC ,
E(yH |x) = E(yH |x, yH > 0, yC > 0)ΨCH
+E(yH |x, yH > 0, yC = 0)(ΦH − ΨCH ) + 0(1 − ΦH )
= xβH ΦH + σH φH ,

which completes the proof of (3).
The probability of being a smoker, i.e., of consuming at least one tobacco commodity
can be written as
(A.9)

ΦS = P (yC + yH > 0)
= (ΦC − ΨCH ) + (ΦH − ΨCH ) + ΨCH

= ΦC + ΦH − ΨCH ,

where ΨCH , ΦC − ΨCH , and ΦH − ΨCH are the probabilities of smoking, respectively,
both commodities, cigarettes only, and handrolling tobacco only. Now, the law of iterated
expectations implies
(A.10)

E(yC |x) = E(yC |x, yC +yH > 0)ΦS + 0(1−ΦS ) = E(yC |x, yC +yH > 0)ΦS ,
E(yH |x) = E(yH |x, yC +yH > 0)ΦS + 0(1−ΦS ) = E(yH |x, yC +yH > 0)ΦS .

From (A.7) and (A.10) we get

(A.11)

Φ
φ
E(yC |x, yC + yH > 0) = xβC ΦC + σC ΦC ,
S
S
φ
Φ
E(yH |x, yC + yH > 0) = xβH ΦH + σH ΦH ,
S

where ΦS is given by (A.9). This completes the proof of (4).
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Function. Annales d’économie et de statistique, No. 9, 47 – 70.
Oberhofer, W., and Kmenta, J. (1974): A General Procedure for Obtaining Maximum
Likelihood Estimates in Generalized Regression Models. Econometrica, 42, 579 – 590.
Olsen, R.J. (1980): Approximating a Truncated Normal Regression with the Method of
Moments. Econometrica, 48, 1099 – 1105.
Powell, J.L. (1984): Least Absolute Deviation Estimation for the Censored Regression
Model. Journal of Econometrics, 25, 303 – 325.
Rosenbaum, S. (1961): Moments of a Truncated Bivariate Normal Distribution. Journal
of the Royal Statistical Society (Series B), 23, 405 – 408.
Tallis, G.M. (1961): The Moment Generating Function of the Truncated Multi-Normal
Distribution. Journal of the Royal Statistical Society (Series B), 23, 223 – 229.

40

USDHHS (1989): Reducing the Health Consequences of Smoking. 25 Years of Progress.
A Report for the Surgeon General, 1989. US Departement of Health and Human
Services. Public Health Service, Centers for Disease Control, Centers for Chronic
Disease Prevention and Health Promotion. Office on Smoking and Health. DHHS
publication No. (CDC) 89-8411, 1989.
Wangen, K.R., and Aasness, J. (2001): Demand for Cigarettes and Handrolling Tobacco
– A Time Series Analysis of Cross Section Elasticities. Under preparation, Statistics
Norway.
Wangen, K.R., and Biørn, E. (2001): Prevalence and Composition of Tobacco Consumption – A Discrete Choice Analysis Based on Panel Data. Under preparation, Statistics
Norway.

41

5HFHQWSXEOLFDWLRQVLQWKHVHULHV'LVFXVVLRQ3DSHUV


-$DVQHVVDQG/%HOVE\  (VWLPDWLRQRI7LPH



,6YHQGVHQ  5DWLRQDO([SHFWDWLRQVLQ3ULFH



.$%UHNNHDQG5%+RZDUWK  7KH6RFLDO

6HWWLQJ±7HVWV%DVHGRQ1RUZHJLDQ([SRUW3ULFHV

6HULHVRI/DWHQW9DULDEOHVLQDQ$FFRXQWLQJ6\VWHP
3HWURO&RQVXPSWLRQRI1RUZHJLDQ+RXVHKROGV



&RQWLQJHQF\RI:DQWV,PSOLFDWLRQVIRU*URZWKDQGWKH
(QYLURQPHQW

$5\JK6ZHQVHQ  &KDQJHLQ5HJLPHDQG
0DUNRY0RGHOV





)LVKHU\0DQDJHPHQW"(PSLULFDO(YLGHQFHIURPD

.1\ERUJDQG,6SDQJHQ  &RVW%HQHILW$QDO\VLV

([SHULPHQWDO6WXG\

DQGWKH'HPRFUDWLF,GHDO




/%HOVE\DQG-)%M¡UQVWDG  0RGHOOLQJDQG



)UDPHZRUNIRU(PSLULFDO0RGHOOLQJRI&RQVXPHU

RI1RQUHVSRQVH$SSOLHGWR7KH1RUZHJLDQ&RQVXPHU

'HPDQGZLWK/DWHQW4XDOLW\$WWULEXWHV


(YDOXDWLRQRI,QGLYLGXDO:HOIDUH(IIHFWVIURP,QFRPH

7D[5HIRUP'LVWULEXWLRQDO(IIHFWVDQGWKH+LJK,QFRPH

7D[DWLRQ(PSLULFDO(YLGHQFH%DVHGRQ,WDOLDQ'DWDIRU

5HVSRQVH

0DUULHG&RXSOHV

7+



JHODQGDQG7-.OHWWH  'R+LJKHU:DJHV

IRU6SDFH+HDWLQJLQ1RUZHJLDQ+RXVHKROGV$

([SHULHQFH3UHPLXPVLQD0DWFKHG3ODQW:RUNHU'DWD

'LVFUHWH&RQWLQXRXV&KRLFH$SSURDFK




06¡EHUJ  8QFHUWDLQW\DQG,QWHUQDWLRQDO



-.'DJVYLNDQG/%UXEDNN3ULFH,QGH[HVIRU

1HJRWLDWLRQVRQ7UDGDEOH4XRWD7UHDWLHV

7(LNDDQG.$0DJQXVVHQ  'LG1RUZD\*DLQ
IURPWKH2LO3ULFH6KRFN"

(OHPHQWDU\$JJUHJDWHV'HULYHGIURP%HKDYLRUDO
$VVXPSWLRQV

.2$DUEXDQG-.0DF.LH0DVRQ  :K\6RPH
&RUSRUDWLRQV3D\0RUH7D[WKDQ1HFHVVDU\





$SSOLFDWLRQRQ'DWDIURP1RUZHJLDQ&KHPLFDO3ODQWV

$OWHUQDWLYHV



LQPDQXIDFWXULQJLQGXVWULHVLQ1RUZD\



.1\ERUJ  1RQ9HULILDEOH(PLVVLRQV9ROXQWDU\



+&%M¡UQODQG  (FRQRPLF)OXFWXDWLRQVLQD



.*/LQGTXLVW  7KH5HVSRQVHE\WKH1RUZHJLDQ



-.'DJVYLN$6)ODDWWHQDQG+%UXQERUJ$

$OXPLQLXP,QGXVWU\WR&KDQJLQJ0DUNHW6WUXFWXUH

$JUHHPHQWVDQG(PLVVLRQ7D[HV

%HKDYLRUDO7ZR6H[0RGHO

6PDOO2SHQ(FRQRP\5HDOYHUVXV1RPLQDO6WRFNV
/&=KDQJ  3RVW6WUDWLILFDWLRQDQG&DOLEUDWLRQ±



5$DEHUJHDQG<=KX7KH3DWWHUQRI+RXVHKROG



5%+RZDUWKDQG.$%UHNNH  6WDWXV



+0HGLQ.1\ERUJDQG,%DWHPDQ  7KH

3UHIHUHQFHVDQG(FRQRPLF*URZWK

6DYLQJVGXULQJD+\SHULQIODWLRQ7KH&DVHRI8UEDQ
&KLQDLQWKH/DWHV


$VVXPSWLRQRI(TXDO0DUJLQDO8WLOLW\RI,QFRPH+RZ

/&=KDQJ  $1RWHRQ3RVWVWUDWLILFDWLRQZKHQ

0XFK'RHVLW0DWWHU"

$QDO\]LQJ%LQDU\6XUYH\'DWD6XEMHFWWR1RQUHVSRQVH




7-.OHWWHDQG-0¡HQ  )URP*URZWK7KHRU\WR

'LIIHUHQW5HJLPHV

DQG3UDFWLFH


/&=KDQJ  6\QWKHWLF*UDSKLFDO0RGHOOLQJRI

6WXG\









5-RKDQVHQDQG-.'DJVYLN  7KH'\QDPLFVRI
D%HKDYLRUDO7ZR6H['HPRJUDSKLF0RGHO

(+ROP¡\  3RWHQWLDO$JJUHJDWH*DLQVIURP
,PSURYHG6HFWRUDO(IILFLHQF\*HQHUDO(TXLOLEULXP



(VWLPDWHVIRU1RUZD\


-.'DJVYLNDQG%+9DWQH  ,VWKH'LVWULEXWLRQ
RI,QFRPH&RPSDWLEOHZLWKD6WDEOH'LVWULEXWLRQ"

/%UXEDNNDQG-.'DJVYLN  &RQVXPHU
'HPDQGDQG8QREVHUYDEOH3URGXFW$WWULEXWHV



(%HUJ6.YHUQGRNNDQG.(5RVHQGDKO  
2SWLPDO2LO([SORUDWLRQXQGHU&OLPDWH7UHDWLHV

-.'DJVYLN  1RQSDUDPHWULF,GHQWLILFDWLRQRI
'LVFUHWH&KRLFH0RGHOV



-6H[WRQDQG$56ZHQVHQ  (&0DOJRULWKPV
WKDWFRQYHUJHDWWKHUDWHRI(0

-.'DJVYLN  &KRLFHDPRQJ/RWWHULHVZKHQ
3UHIHUHQFHVDUH6WRFKDVWLF



%(1DXJ  0RGHOOLQJWKH'HPDQGIRU,PSRUWV
DQG'RPHVWLF2XWSXW

%LQDU\3DQHO'DWD6XEMHFWWR1RQUHVSRQVH$&DVH



%%\H  /DERXU0DUNHW5LJLGLWLHVDQG
(QYLURQPHQWDO7D[5HIRUPV:HOIDUH(IIHFWVRI

7HFKQRORJ\3ROLF\±&RRUGLQDWLRQ3UREOHPVLQ7KHRU\



.$%UHNNH5%+RZDUWKDQG.1\ERUJ  $UH
WKHUH6RFLDO/LPLWVWR*URZWK"

$6\QWKHVLV


.,EHQKROW  0DWHULDO$FFRXQWLQJLQD
0DFURHFRQRPLF)UDPHZRUN)RUHFDVWRIZDVWHJHQHUDWHG

06¡EHUJ  ³(3$¶V1HZ(PLVVLRQV7UDGLQJ
0HFKDQLVP$/DERUDWRU\(YDOXDWLRQ´±$&RPPHQW



(%L¡UQ.*/LQGTXLVWDQG76NMHUSHQ  
5DQGRP&RHIILFLHQWVDQG8QEDODQFHG3DQHOV$Q

5$DEHUJH  8038QELDVHG7HVWVIRU
0XOWLSDUDPHWHU7HVWLQJ3UREOHPVZLWK5HVWULFWHG



51HVEDNNHQ  3ULFH6HQVLWLYLW\RI5HVLGHQWLDO
(QHUJ\&RQVXPSWLRQLQ1RUZD\

-*MHUGH6*UHSSHUXGDQG6.YHUQGRNN  

&DWDVWURSKH



51HVEDNNHQ  5HVLGHQWLDO(QHUJ\&RQVXPSWLRQ

5HIOHFW+LJKHU3URGXFWLYLW\"(GXFDWLRQ*HQGHUDQG

2SWLPDWH&OLPDWH3ROLF\XQGHUWKH3RVVLELOLW\RID



5$DEHUJH8&RORPELQRDQG66WU¡P  6RFLDO

.2$DUEXDQG727KRUHVHQ  7KH1RUZHJLDQ

6HW


-.'DJVYLN<X=KXDQG5$DEHUJH  $

(VWLPDWLRQ0HWKRGVIRU+RXVHKROG6L]HLQWKH3UHVHQFH

([SHQGLWXUH6XUYH\


.$%UHNNHDQG(0R[QHV  'R0RGHOV,PSURYH

06¡EHUJ  $V\PPHWULFLQIRUPDWLRQDQG
LQWHUQDWLRQDOWUDGDEOHTXRWDWUHDWLHV$QH[SHULPHQWDO
HYDOXDWLRQ

%+9DWQHDQG-.'DJVYLN  (VWLPDWLRQRI
*HQHUDOL]HG([WUHPH9DOXH0RGHOVE\D0D[VSHFWUDO
5HSUHVHQWDWLRQ







6*UHSSHUXG+:LLJDQG)$$XQH  0DL]H



$GPLQLVWUDWLYH5HJLVWHUVLQ(FRQRPLF6KRUW7HUP

$&*(0RGHO$QDO\VLVZLWK(QGRJHQRXV6RLO)HUWLOLW\

6WDWLVWLFV7KH1RUZHJLDQ/DERXU)RUFH6XUYH\DVD
&DVH6WXG\

.$%UHNNHDQG1LOV&KU6WHQVHWK  $%LR
(FRQRPLF$SSURDFKWRWKHVWXG\RI3DVWRUDOLVP)DPLQH





&KDLQ*HQHUDWHG3URILOH/LNHOLKRRG,QIHUHQFHXQGHU

IURPFKDQJHVLQVRFLRSROLWLFDOIDFWRUV

*HQHUDOL]HG3URSRUWLRQDOWR6L]H1RQLJQRUDEOH1RQ

7)

UHVSRQVH

KQDQG(+ROP¡\  :HOIDUH(IIHFWVRI


$%UXYROODQG+0HGLQ  )DFWRULQJWKH



,$VODNVHQ7:HQQHPRDQG5$DEHUJH  %LUGV

'\QDPLF*HQHUDO(TXLOLEULXP$VVHVVPHQWIRU1RUZD\


5$DEHUJH  6DPSOLQJ(UURUVDQG&URVV&RXQWU\



,6YHQGVHQ  )HPDOHODERXUSDUWLFLSDWLRQUDWHVLQ

HQYLURQPHQWDO.X]QHWVFXUYH(YLGHQFHIURP1RUZD\

&RPSDULVRQVRI,QFRPH,QHTXDOLW\

RIDIHDWKHUIORFNWRJHWKHU7KH,PSDFWRI&KRLFHRI
6SRXVHRQ)DPLO\/DERU,QFRPH,QHTXDOLW\

1RUZD\±WUHQGVDQGF\FOHV



,$VODNVHQDQG.$%UHNNH  9DOXDWLRQRI6RFLDO



+'DOH2OVHQDQG'5¡QQLQJHQ  7KH

&DSLWDODQG(QYLURQPHQWDO([WHUQDOLWLHV

$/DQJ¡UJHQDQG5$DEHUJH$6WUXFWXUDO$SSURDFK
IRU0HDVXULQJ)LVFDO'LVSDULWLHV



,PSRUWDQFHRI'HILQLWLRQVRI'DWDDQG2EVHUYDWLRQ

%+DOYRUVHQDQG%0/DUVHQ  &KDQJHVLQWKH

)UHTXHQFLHVIRU-REDQG:RUNHU)ORZV1RUZHJLDQ

3DWWHUQRI+RXVHKROG(OHFWULFLW\'HPDQGRYHU7LPH


3%RXJ  7KH'HPDQGIRU/DERXUDQGWKH/XFDV



05HJH  6RFLDO1RUPVDQG3ULYDWH3URYLVLRQRI

([SHULHQFHV

&ULWLTXH(YLGHQFHIURP1RUZHJLDQ0DQXIDFWXULQJ

.1\ERUJDQG05HJH  7KH(YROXWLRQRI



06¡EHUJ  ,PSHUIHFWFRPSHWLWLRQVHTXHQWLDO
DXFWLRQVDQGHPLVVLRQVWUDGLQJ$QH[SHULPHQWDO
HYDOXDWLRQ

//LQGKROW  %H\RQG.\RWR&2SHUPLWSULFHV
DQGWKHPDUNHWVIRUIRVVLOIXHOV





&RQVLGHUDWH6PRNLQJ%HKDYLRU

3XEOLF*RRGV(QGRJHQRXV3HHU*URXSV




$FFRXQWVLQ1RUZD\


727KRUHVHQDQG.2$DUEX  ,QFRPH

1RUZHJLDQ7D[5HIRUP





([SHFWDWLRQVLQ([SRUW3ULFH)RUPDWLRQ7HVWVXVLQJ

&DUERQ3ROLFLHV*UDQGIDWKHUHG4XRWDVYHUVXV

&RLQWHJUDWHG9$50RGHOV


UOLDQG5$DEHUJH  7D[5HIRUPV'LYLGHQG

3ROLF\DQG7UHQGVLQ,QFRPH,QHTXDOLW\(PSLULFDO

WKH&KLOG%HQHILW

(YLGHQFHEDVHGRQ1RUZHJLDQ'DWD


05¡QVHQDQG06XQGVWU|P  3XEOLF3ROLFLHV

&RPSDULVRQRI)LQODQG1RUZD\DQG6ZHGHQ



()M

7.RUQVWDGDQG727KRUHVHQ  0HDQVWHVWLQJ

/&=KDQJ  2QGLVSHUVLRQSUHVHUYLQJHVWLPDWLRQ
RIWKHPHDQRIDELQDU\YDULDEOHIURPVPDOODUHDV

DQGWKH(PSOR\PHQW'\QDPLFVDPRQJQHZ0RWKHUV±$



3%RXJc&DSSHOHQDQG$56ZHQVHQ  

%%\HDQG.1\ERUJ  7KH:HOIDUH(IIHFWVRI

'LIIHUHQWLDWHG7D[HV


05HJH  1HWZRUNLQJ6WUDWHJ\&RRSHUDWH7RGD\
LQ2UGHUWR0HHWD&RRSHUDWRU7RPRUURZ

5HVSRQVHVWR7D[&KDQJHV±(YLGHQFHIURPWKH



//LQGKROW  2Q1DWXUDO5HVRXUFH5HQWDQGWKH
:HDOWKRID1DWLRQ$6WXG\%DVHGRQ1DWLRQDO

5%M¡UQVWDGDQG51\PRHQ  :DJHDQG
3URILWDELOLW\1RUZHJLDQ0DQXIDFWXULQJ



,7KRPVHQ/&=KDQJDQG-6H[WRQ  0DUNRY

DQG&\FOHV&KDQJHVLQHFRORJLFDOG\QDPLFVUHVXOWLQJ

7UDGH/LEHUDOLVDWLRQLQ'LVWRUWHG(FRQRPLHV$



,7KRPVHQDQG/&=KDQJ  7KH(IIHFWRI8VLQJ

7UDGH/LEHUDOL]DWLRQYV)HUWLOL]HU6XEVLGLHVLQ7DQ]DQLD



)5$XQH7%\HDQG7$-RKQVHQ  *DVSRZHU

-.'DJVYLN  0XOWLQRPLDO&KRLFHDQG

JHQHUDWLRQLQ1RUZD\*RRGRUEDGIRUWKHFOLPDWH"

6HOHFWLYLW\

5HYLVHGYHUVLRQ

</L  0RGHOLQJWKH&KRLFHRI:RUNLQJZKHQWKH



$%HQHGLFWRZ  $Q(FRQRPHWULF$QDO\VLVRI
([SRUWVRI0HWDOV3URGXFW'LIIHUHQWLDWLRQDQG/LPLWHG

6HWRI-RE2SSRUWXQLWLHVLV/DWHQW

2XWSXW&DSDFLW\


(+ROP¡\DQG7+

JHODQG  $JJUHJDWH

3URGXFWLYLW\DQG+HWHURJHQHRXV)LUPV



$/DQJ¡UJHQ  5HYHDOHG6WDQGDUGVIRU



76NMHUSHQDQG$56ZHQVHQ  7HVWLQJIRUORQJ

'LVWULEXWLQJ3XEOLF+RPH&DUHRQ&OLHQWV


6.YHUQGRNN//LQGKROWDQG.(5RVHQGDKO  
6WDELOLVDWLRQRI&2FRQFHQWUDWLRQV0LWLJDWLRQ

UXQKRPRJHQHLW\LQWKH/LQHDU$OPRVW,GHDO'HPDQG

VFHQDULRVXVLQJWKH3HWURPRGHO

6\VWHP$QDSSOLFDWLRQRQ1RUZHJLDQTXDUWHUO\GDWDIRU


(%L¡UQ.*/LQGTXLVWDQG76NMHUSHQ  0LFUR

QRQGXUDEOHV

'DWD2Q&DSLWDO,QSXWV$WWHPSWVWR5HFRQFLOH6WRFN


DQG)ORZ,QIRUPDWLRQ

.$%UHNNH6.YHUQGRNNDQG.1\ERUJ  $Q
(FRQRPLF0RGHORI0RUDO0RWLYDWLRQ



,$VODNVHQDQG&.RUHQ  &KLOG&DUHLQWKH



5%M¡UQVWDG  7KH(IIHFWRI6NLOO0LVPDWFKRQ

:HOIDUH6WDWH$FULWLTXHRIWKH5RVHQPRGHO



$5DNQHUXGDQG5*RORPEHN([LW'\QDPLFVZLWK



(%L¡UQ.*/LQGTXLVWDQG76NMHUSHQ  

5DWLRQDO([SHFWDWLRQV
:DJHVLQDVPDOORSHQ(FRQRP\ZLWK&HQWUDOL]HG:DJH

+HWHURJHQHLW\LQ5HWXUQVWR6FDOH$5DQGRP

6HWWLQJ7KH1RUZHJLDQ&DVH

&RHIILFLHQW$QDO\VLVZLWK8QEDODQFHG3DQHO'DWD


5$DEHUJH  5DQNLQJ,QWHUVHFWLQJ/RUHQ]&XUYHV




-(5RHPHU5$DEHUJH8&RORPELQR-)ULW]HOO63

.*/LQGTXLVWDQG76NMHUSHQ  ([SODLQLQJWKH
FKDQJHLQVNLOOVWUXFWXUHRIODERXUGHPDQGLQ1RUZHJLDQ

-HQNLQV,0DU[03DJH(3RPPHU-5XL]&DVWLOOR

PDQXIDFWXULQJ

0-HVXV6DQ6HJXQGR77UDQDHV**:DJQHUDQG,


=XELUL  7RZKDW([WHQWGR)LVFDO5HJLPHV

.5:DQJHQDQG(%L¡UQ  ,QGLYLGXDO+HWHUR

(TXDOL]H2SSRUWXQLWLHVIRU,QFRPH$FTXLVLWLRQ$PRQJ

JHQHLW\DQG3ULFH5HVSRQVHVLQ7REDFFR&RQVXPSWLRQ

FLWL]HQV"

$7ZR&RPPRGLW\$QDO\VLVRI8QEDODQFHG3DQHO'DWD



