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Abstract

In this note we are concerned with the estimation of the probability that a
smoker does not purchase tobacco during a survey. Usually, tobacco demand
has been estimated using limited dependent variable models under the assump-
tion that an important proportion of smokers declared a zero expenditure in
tobacco. However, if the probability of non purchasing by a smoker is neg-
ligible, zeros could be ignored and the demand equation could be estimated
on positive expenditure data using traditional estimation methods. Here we
estimate this probability and find that it is extremely small. A novelty of this
work is the use of data on the quantity and frequency of tobacco purchases
during the week of the survey, instead of the more commonly used expenditure

data.

*Research funded by Spanish Direccién General de Ensefianza Superior, referencia PB-95-0292.
This research is part of the fourth chapter of my doctoral dissertation at Universidad Carlos I1I de
Madrid. I thank the comments of Miguel A. Delgado. Mail: dmilesQuvigo.es



1. INTRODUCTION

The existence of an important proportion of zeros in the tobacco expenditure data
introduces some difficulties when estimating tobacco demand using household budget
surveys. In first place, with survey data it is not possible to identify whether the
household who reported a zero expenditure in tobacco is a nonsmoker or a smoker who
did not purchase. In second place, zeros introduce a censoring problem invalidating
traditional estimation methods.

To take into account both facts mentioned above, tobacco demand has been com-
monly estimated using limited dependent variable models e.g. Tobit or Double Hur-
dle (see Cragg, 1971; Jones, 1989; Pudney, 1989; Garcfa and Labeaga, 1996, among
others). First, these models assume that a relatively important number of smokers
reported a zero expenditure in tobacco during the survey, although these models are
not able to verify this assumption. Second, to interpret the censoring at zero, limited
dependent variable models assume the same decision process at zero for nonsmokers
and smokers, for whom a zero can only correspond to a corner solution (Pudney,
1989; Blundell and Meghir, 1987, among others).

Notice that if all zeros were from nonsmokers or, if the probability that a smoker
does not purchase tobacco during the survey were negligible, then zeros could be
ignored and the tobacco demand estimation could be feasibly achieved by traditional
methods. In this note we estimate the probability that a smoker reports a zero
expenditure in tobacco, an issue that has not yet been addressed in applied literature,
finding that it is very small. This fact empirically contradicts the first assumption
supporting the use of limited dependent variable models to estimate tobacco demand
using budget survey data.

Also, it does not seem reasonable to assume that a smoker will not purchase tobacco

because he is in a corner solution. Notice that a corner solution implies that the



smoker is confronted to a relative price-income situation at which he finds optimal
not to smoke, despite of his addiction and habits (Becker et al., 1994). In recent
years, the zero expenditures reported on commodities which households are actually
consuming have been interpreted as arising from the infrequency of purchases. In
this note we assume that zeros of smokers arise because of the infrequency of tobacco
purchases, i.e., some smokers did not purchase during the survey because they had
consumed from their stocks. Hence, we discuss the tobacco stockpiling behavior in
order to establish the percentage of smokers who had accumulated tobacco the weeks
before to the survey, because these are the potential smokers reporting a zero.

At last, tobacco demand has been usually estimated using household tobacco ex-
penditure data. A novelty of this paper is the use of data on the quantity of cigarettes
bought and on the frequency of tobacco purchases by the household during the week
of the survey. These data were recovered from the Spanish Fxpenditure Survey 1990-
91 (EPF; Cardelis et al. 1995). We have selected a subsample with an employed
household between 15 and 65 years and considered exclusively cigarette consumption,
leaving a total of 10.009 observations.

The note is organized in three sections. First, we discuss whether there is an
important proportion of smokers who stockpiled tobacco. Second, using Robin’s
(Robin, 1993) approach, we estimate the probability that a smoker did not purchase
during the survey. We find that this probability is extremely small. Section three

concludes.
2. STOCKPILING BEHAVIOR

There are smokers who buy tobacco regularly and, therefore, will report a positive

tobacco expenditure with probability one'. But also, there are smokers who stockpile,

INotice that we identify smoker with a smoker household, as is common in applied economic

literature.



consuming during the survey from their stocks. In consequence, those smokers who
stockpiled the week before to the survey are the potential smokers reporting a zero.

If the cigarette purchasing process was stationary and the stockpiling type of smok-
ers was uniformly distributed along the weeks of the year, the percentage of smokers
who stockpiled during the week before to the survey (those who declared a zero) could
be approximated by those who had stockpiled during the survey. Therefore, in this
section, to approximate those smokers who reported a zero we will use the percentage
of smokers who stockpiled during the survey.

First, in the subsample considered, 32% of the households reported a zero expendi-
ture in cigarettes. That is, only three of ten households declared a zero expenditure
in tobacco. For those who declared a positive expenditure, in the following table we
present the joint frequency of the quantity of packs of cigarettes bought and number
of purchases.

Insert Table 1

Less than 3% of the smokers with a positive expenditure went only once to the tobacco
shop buying 8 or more packs of cigarettes. Notice, also, that more than 90% of the
smokers bought tobacco more than once. That is, most smokers went regularly to
the tobacco shop. Hence, if the stockpiling behavior is characterized as buying large
quantities of tobacco in few visits to the shop, not too many smokers had accumulated
tobacco during this survey.

In Table 2 we present the numbers of packs of cigarettes per purchase.
Insert Table 2

Only a small percentage of smokers bought a relatively important quantity of ciga-
rettes per purchase, i.e., 4.78% of the smokers bought an average of 5 or more packs
of cigarettes per purchase. Both tables above suggest that smokers visit the tobacco

shop regularly and purchase small quantities of tobacco per purchase. That is, only
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a relatively small percentage of smokers appears to stockpile.

Naturally, stockpiling cigarettes should be defined in terms of the level of consump-
tion. Let Q) be the total packs bought by smoker h during the week of the survey and
N}, the number of times he went to the shop. Then, (20Q;/N,) is the consumption
of cigarettes in the interpurchase period, being 20 the number of cigarettes per pack.
If we assume that purchases are equally spaced between the days of the week, the
number of purchases per day is given by (IV,/7) and the cigarette consumption per
day is given by (20Q5/Ny) (N/7) (see Kay, Keen and Morris, 1984). In Table 3 we
present this approximation for those smokers with a positive expenditure and with 2

to 7 purchases.

Insert Table 3

Observe that smoker houscholds consume an average of one pack per day (20 ciga-
rettes), with a maximum of approximately 4 packs and a minimum of six cigarettes a
day. This suggests that those who bought cigarettes more than once during the week
of survey had consumed them during that week, not stockpiling tobacco.

Also, from the Spanish National Health Survey (1993), non habitual smokers con-
sume an average of 4 cigarettes a day, and consequently a pack of cigarette lasts, at
most, one week. If in Table 1 we use this level of consumption for those smokers that
only bought once a week we find that, at most, a 4% of the total smokers declaring
a positive expenditure had stockpiled tobacco during the week of the survey?.

The discussion above suggests that not many smokers had stockpiled during the
week of the survey. This implies, following the previous reasoning, that not too many

smokers reported a zero expenditure in tobacco during the survey.

2Note that in Table 1, 4.14% of smokers that went once to the tobacco shop bought one pack.

With an average consumption of 4 cigarettes a day, this one pack lasts less than a week.



3. PROBABILITY OF NON-PURCHASING

Using Robin’s results, in this section we estimate the probability that a smoker
declares a zero expenditure in tobacco.

Let N; be the number of purchases per week by household h, where N; > 0
if the household bought tobacco and N, = 0 if it did not. Following Robin, let
£p, represent unobservable characteristics that determine whether household h is a
smoker or not. That is, given a set of observable characteristics, 2z, let S be
the set of the unobservable characteristics, g5, for a smoker, defined by S (z5) =
{e| BE(Ny | zn,en=¢) >0}.

If a household declares a positive expenditure in tobacco, then it is a smoker with
probability one, so Pr (Ny, | zp, e, € S (21) , N, > 0) = Pr(Ny, | 21, N, > 0)  is identi-
fiable using the set of positive observations of Np,.

Now, assuming a parametric distribution function of Nj such that its complete
distribution is recoverable from its truncated one, the probability of not purchas-
ing being a smoker, Pr (N, = 0| 25,2, € S (21)) , becomes identifiable (Robin, 1993;
Flinn and Heckman, 1982). As Pr (N, =0 | 23) is identifiable from the proportion
of zero expenditures on total observations, then we can identify the probability of
smoking

Pr (N, > 0] z3)

Pr <€h < S<Zh) ’ Zh) - Pr (Nh >0 ’ Zhy,Ehn € S(Zh)) (1>

Given the information on quantity or frequency of purchases, to estimate the proba-

bilities above we need to assume a recoverable parametric density. Following Robin
(1993), we assume that the purchasing process is distributed as a Negative Binomial

where its truncated density is given by

T (nn,+1)T(9)
Notice that the truncated density introduces the correction Pr (N n >0 ] Zn,En €5 (Zh)) =

1

(N /6)™ (14 \;/6) (et (1 (14N /5)*5)7 .

Pr(Nh:nh]zh,Nh>0):

1—(1+ N/ (5)75, the probability that a smoker purchases tobacco (see, Groger and
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Carson, 1991; Creel and Loomis 1990). As usual, \; = exp (z};/3), where (3 are the
parameters of interest. The estimation results are presented in the appendix.

Then, the estimate of the probability that a smoker household purchases tobacco
is given by

n -~

]3(Nh>0]zh,shES(zh)):1—%2(1+Xi/3)5 )

=1
where Xz and 8 are the estimated parameters from the truncated binomial density
function (see Robin, 1993). With this estimation and given that P (N, > 0] z3)
is identifiable from the proportion of positive to total observations, in Table 4 we
estimate the probability that a smoker does not purchase using equation (1). We
have applied this last approach using both variables, the number of purchases and

the quantity of packs bought as dependent.
Insert Table 4

The first column is the estimate of the probability that a smoker buys tobacco during
the week of the survey. When the number of purchases is used as the dependent
variable in Robin’s approach, 97.8% of the smokers will buy during the week of the
survey or 98.8% if we use the number of packs bought as the dependent variable.
These suggest that practically all the smokers had purchased during the survey. In
the second column, we present the proportion of positive observations to total obser-
vations in the sample. The third column is the probability of being a non-smoker,
obtained as the complement of equation (1), from where it results that nearly one
third of the sample is non-smoker. The fourth column states the number of zeros in
the sample. Finally, the fifth column is the difference between columns four and three,
which is the proportion of zeros that correspond to smokers. As can be seen, it is very
small, 1.e., less than 2% of the zeros correspond to smokers. That is, these estimations
suggest that the proportion of smoker households that report a zero expenditures in

tobacco during the survey is extremely small.
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CONCLUDING REMARKS

In this note we have estimated of the probability that a household smoker does not
purchase tobacco during a survey, finding that it is extremely small. This suggests
that it seems feasible to estimate the household demand for tobacco using only posi-
tive expenditure observations, which allows for a direct interpretation of the estimated

demand parameters..
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TABLE 1: Joint Frequency of Quantity and Number of Purchases for Positive

Expenditure .

Number of Number of Purchases per Week

ol I SR s
1 4.14 4.14
2 1.03  5.75 6.78
3 0.19 4.36 4.15 8.70
4 0.12 299 1.16 4.70 8.97
5 0.06 125 0.62 164 3.14 6.71
6 0.03 041 053 131 094 4.33 7.55
7 0.01 0.10 0.10 0.83 057 141 9.65 12.67

8-10 232 009 019 084 087 250 4.17 6.39 | 17.37
11-12 009 09 057 009 020 094 1.08 3.95 7.83
13-15 000 0.16 074 054 045 059 359 583 | 11.95
16-20 0.00 022 0.07 019 017 037 065 3.80 5.47

>20 0.00 0.01 003 0.06 001 000 o0.01 174 1.86
Total

Purchases

80 162 82 102 6.4 101 19.2 217
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TABLE2: Positive Expenditure Subsample: Distribution of the ratio between
quantity and number of purchases per week.

% Packs/Purchases
N. Purchases | Mean Q25 Qs0 Qs Méx. |12 | 34 | <5

1 4.00 1.00 1.00 100 120 |[646 | 3.9 31.5

2 1.96 1.00 1.50 200 125 | 80.7 | 11.5 7.8

3 1.82 1.00 1.00 200 B8.00 |[79.2| 106 10.2

4 1.51 1.00 1.25 1.75 6.25 | 8384 | 10.8 0.8

5 1.43 1.00 1.20 1.60 4.60 (864 | 134 0.2

6 1.38 1.00 1.17 150 3.33 | 90.6 | 9.40 0

7 1.32 1.00 1.00 157 3.14 [ 952 | 4.80 0
8> 1.25 1.00 1.12 1.38 2.89 |[959 | 4.10 0
Total 1.69 1.00 1.17 1.67 125 | 87.6 | 7.62 4.78

Note: The mean quantity of packs per purchase is defined as the ratio between the total
quantity of packs bought per week to the total number of purchases. Q25,Q50,Q75
represent the first, second and third quartil.

TABLE 3: Consumption of Cigarettes per day, defined as the ratio between the
number of packs bought and the number of purchases, times 20, the number of
cigarettes per pack.

Number

Purchases

Mean Q25 Q50 Q75 Min Max

2 11 6 9 11 6 71
3 16 9 9 17 9 68
4 17 11 14 20 11 71
5 20 14 17 23 14 66
6 24 17 20 26 17 57

7 26 20 20 31 20 63
Total 23 11 20 31 6 71

Note: Round to nearest integer.
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Table 4 Estimation of the Probability of Non-purchasing of Smokers .

: Probability of Purchase Purchase Probability Zeros in Probability
Dep. Variable of a Smoker! in the Sample? NonSmoker3 | the Sample? Smokers Zero®
Purchase 97.80% 67.80% 30.67% 32.20% 1.53%
Quantity 98.78% 67.80% 31.36% 32.20% 0.84%
Note: Purchase or Quantity refers to the dependent variable used for estimating the nega-

PPN
tive binomial for the application of Robints approach. 1. (1 - (1 + )\i/é) /n) ;
2. S T(Ny, > 0) /n; 3. (1 .

5. (Sl T Ne=0)/m) = (1

Pr(N,>0|z1)

Pr(N,>0|zn ,en €C(21))

Pr(N,>0|z1)

T Pr(Nu>0| 2,4 €C(21))
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Table Al Negative Binomial

Number of Purchases

Number of Packs

Total Sample Positive Sample Total Sample Positive Sample
Negative Binomial Negaté‘;z Trf]uanlcated Negative Binomial Negaté‘;z ?rf]uanlcated

Variable Coef. ST Coef. ST Coef. ST Coef. ST Coef. ST Coef. ST
Constant 7940 .2405 1.342 .1662 1.290 .1803 1.039 2446 1.637 1695 1.606 1768
Size Household | .2027 0171 1179 0123 1267 0131 1728 0172 .0886 0123 0921 0127
Cnid less 8 1657 0253 | -.1018 .0181 1104 0195 1252 0254 | -.0642 0181 -.0668 0188
crild 817 1892 .0202 | -.1105  .0145 [ -1191 .0155 1519 .0203 | -.0760  .0146 | -.0790 0152
Lerger .0036 0192 L0575 0143 L0607 0151 L0585 0191 0219 0142 0225 0147
Age Partner 0130 .0014 | -.0055 0010 | -.0060 .0010 0123 0014 | -.0046 0010 | -.0049 L0010
Town L0700 .0220 0614 0157 L0659 L0170 0661 0224 .0520 0158 0541 0165
Madrid L0819 L0504 .0328 L0359 .0359 .0386 1054 0513 0657 .0369 .0680 .0382
Catalunya -.2047  .0435 | -.0814 0303 | -.0884 .0331 1482 0454 | -.0256 0320 | -.0267 .0334
South 1531 L0275 0703 0197 0757 L0212 1465 0277 0645 0197 L0669 .0205
North ~.0607  .0307 | -.0391 0219 | -.0423 .0238 -.0979 0310 | -.0758 0221 | -.0791 .0232
East -.0399 0345 | -.0294 0244 | -.0316 .0265 0123 0345 | -.0048 0241 | -.0049 L0251
Service .2854 L0511 .1320 .0362 .1446 .0397 12192 0510 0652 .0353 L0684 .0370
Industry .2140 0557 L0972 .0395 .1064 .0433 1926 L0560 0717 .0389 0751 .0408
Construction .2409 .0588 .1039 0417 1135 0457 2126 .0590 0753 0412 0787 .0431
Manual 2752 0659 | -.1543 0459 | -.1671 .0498 -.2707 0664 | -.1516 0464 | -.1576 .0483
Blue Collar .3918 L0607 2144 .0422 2317 0457 3678 L0609 1896 .0423 1970 .0441
Study .1690 L0364 .0970 L0259 .1062 .0283 0041 0371 0237 .0264 .0248 0276
Women not W | -.0593 0257 | -.0489 0182 | -.0533 0197 -.0292 0260 | -.0256 0183 | -.0267 L0101
Alcohol 8E-04 .1E-04 | .3E-04 .1E-04 | .4E-04 1E-04 1E-03 .1E-04 | .5E-04 .1E-04 | .5E-04 1E-04
Outside Food 0483  .5E-02 | .0069 .0035 L0071 .0037 0511 L0052 .0079 .0035 .0081 .0036
Loglncome 0110 0230 | -.0014 0159 | -.0021 0172 0156 .0235 .0205 0163 0213 0171
Alfa .8396 L0191 5.757 .1868 4.441 .1693 6669 0143 4.284 1021 3.784 1057

Note: Size Household: number of members of in the household;Child less 8 years: number
of children less than 8; Children 8-17 years: number of children between 9 and 17 years;
Larger than 25: number of children larger than 25; Age Partner: age of the second
member of the household; town: 1 if town is larger than 50000 habs., O otherwise;
Madrid, Catalunya, North, East, takes value 1 if household lives in any of these regions;
Service, Industry, Construction, Manual, Blue Collar takes value 1 if the head of the
household works in any of these sectors or cathegories; study: if the head of the
household has a minimum education; Women not W: partner does not work; Alcohol:
expenditure in alcohol; outside food: number of times the household eat outside the
house during the survey; logincome: log of total monetary household income per capita
per week
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