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PREFACE

The Swedish Council for Information on Alcohol and Other Drugs (CAN) is an
independent national competence center. Our foremost task is to increase and
disseminate knowledge about trends in the consumption of alcohol and other drugs, and
related harm. We do this mainly by conducting research, publishing articles and reports
as well as by arranging courses and conferences. Our main national surveys are: Alcohol
and Drug Use Among Students; the Monitor Study; and Habits and Consequences.

CAN is part of Swedish civil society and includes 50 member organizations. The
members of our board are appointed by the Swedish Research Council for Health,
Working Life and Welfare (Forte), the Swedish Research Council, the Public Health
Agency of Sweden, the National Board of Health and Welfare and at the CAN’s annual
meeting. The Swedish Government appoints the board’s chairman and deputy chairman.

The main purpose of the Monitor Study is to calculate total alcohol consumption in
Sweden. This is done by adding the amount of alcohol procured from unregistered
sources to the amount shown in published data on registered sales. The amount of
alcohol that comes from unregistered sources is captured through a continuous survey of
Sweden’s inhabitants. Alcohol from these sources is measured at the acquisition level
and not at the consumption level. Measuring acquisition from unregistered sources
requires us to make certain assumptions and perform some calculations. These
procedures are described in detail, and in plain language, in our published reports in
Swedish. However, in the present report the methodology is described in technical terms
and with statistical/mathematical notation. The parameters estimated in the study are
formalized, as is the sampling design. In addition, the method used to compensate for
non-response is described.

The report was written by Mats Nyfjall at Statisticon in Uppsala, with support from Bjorn
Trolldal at CAN. Gdsta Forsman at Statisticon reviewed the report. The part of the
Monitor study that covers alcohol is funded by Systembolaget.

Stockholm May, 2019
Charlotta Rehnman Wigstad

Director
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1 BACKGROUND

The Swedish Council for Information on Alcohol and Other Drugs (CAN) is a non-
governmental organization. Their main tasks are to follow the drug trends in Sweden and
to inform the public and educate professionals on alcohol and other drugs. This is e.g.
done by publishing national reports and performing surveys. One such important survey
is the Monitor survey.

The main purpose of the Monitor survey is to calculate the total quantity of alcohol and
tobacco consumed, or more precise acquired, in Sweden. The acquisition of alcohol can
be divided into (i) registered acquisition and (ii) unregistered acquisition. The registered
acquisition is from Systembolaget, restaurants and grocery stores'. Quantities for
registered acquisition is available from registers whereas unregistered acquisition is not.

The unregistered alcohol acquisition consists primarily of travelers’ imports, but also of
purchases of alcohol that have been smuggled into the country, home production and
purchases via the internet. For the acquisition of tobacco, the travelers’ import also
constitutes the largest unregistered source.

In order to calculate the quantities of the unregistered parts of acquisition, telephone
interviews with a random sample of people aged 17-84 are carried out on an ongoing
basis.

Over a year, more than 18 000 interviews are conducted in the Monitor survey. In
addition to questions about the travelers’ import of alcohol and tobacco, issues of
consumption habits are also included.

The Monitor survey has been going on continuously since 2000. CAN has been
responsible for the Monitor measurement since 2013. Systembolaget (alcohol) and the
Ministry of Health and Social Affairs (tobacco) are financing the survey.

Several reports describe results from the survey, see e.g. Trolldal and Leifman (2017).
Appendix 2 in that report describes the methodology in detail. However, the description is
verbal without a statistical/mathematical notation. The present report is a step towards
filling that gap. By describing the methodology in technical terms, procedures and
methods can become more transparent, at least for those who are familiar with reading
mathematical text.

The present report only deals with the acquisition of alcohol, not tobacco. Another
delimitation is that only the technical aspects of the Monitor survey is treated, not
conceptual parts. For example, in this report we do not repeat the four starting points in
appendix 2 in Trolldal and Leifman (2017). The purpose of this report is thus to describe
the estimation procedure in technical terms. We will formalize the parameter the survey is

T Only low alcohol beer at grocery stores (2.8 % to 3.5 % alcohol by volume)



estimating as well as the sampling design and estimator(s). Moreover, the report will also
describe the method used to compensate for non-response. However, we will not discuss
uncertainty due to frame imperfections and measurement errors.

The disposition of the report is that we start by formalizing the parameters in chapter 2. In
chapter 3, we describe the sampling design and in chapter 4 the estimators are given.
Chapter 5 is a chapter to help reader connect estimates presented in Trolldal and
Leifman (2017) with the estimators in chapter 4.



2 PARAMETERS

The acquisition of alcohol comes from two sources: (i) registered and (ii) unregistered
acquisition. In Sweden, the registered acquisition is mainly done at Systembolaget. In
addition, the alcohol sold at restaurants and in grocery stores contributes to the
registered acquisition. The unregistered acquisition has four main sources

e Travelers’ import (resandeinforsel)
e Purchases of smuggled alcohol

e Internet acquisition

e Home production (hemtillverkning)

Based on the Monitor survey, the total quantity of unregistered acquisition of alcohol in
the country is estimated. The registered acquisition is obtained from register data, mainly
from Systembolaget.

In order to describe the parameters the Monitor survey is estimating we start by
introducing some notation. Additional notation will be introduced later on. The notation is
somewhat extensive. To facilitate a quick reference, we summarized the notation in
appendix 1.

2.1 Basic notation

The target population for the Monitor survey is all registered Swedish citizens in ages 17
to 84 years old. The reference period for the survey is calendar year, e.g. 2017. Let U =
(1,2, ..., k, ..., N) denote the target population where N is the population size of individuals
and k is a running index for individuals in the population?. Since each individual k can
acquire alcohol several times during the reference period (a year), an individual can be
seen as a cluster where the cluster size is the number of times an acquisition is made.
Let N, denote the number of acquisitions individual k does during the reference period.
The population of acquisitions is thus of size Y;cy N.-

We introduce variables y and z that are associated with unregistered acquisition of
alcohol. Let z be associated with each separate acquisition of unregistered acquisition
that individual k does. That means that summing each acquisition for individual k over the
reference period gives the total acquisition done by individual k, i.e>.

Ye= 2 (1)

=1

2 During a whole year, the population size varies every day due to deaths, births and migration.
We do not take that complicating aspect into account in the notation.
3 The running index is Greek letter iota .



Correspondingly, we introduce variable x associated with registered acquisition of
alcohol. Let z' be associated with each separate acquisition of registered acquisition that
individual k does. Hence,

Nk
Xy = Z z, (2)
=1

is the total acquisition of registered alcohol for individual k over the reference period*.

The construction of y, and x;, might seem unconventional but the purpose is to avoid (the
somewhat burdensome) cluster notation so that the parameters (and estimators) can be
expressed in terms of y:s and x:s.

The notation y and x follows the survey sample notation tradition that y is a study variable
and x is an auxiliary variable used (in this case) in the estimation.

Both y and x are being defined in a conceptual manner of unregistered and registered
acquisition of alcohol, in appendix 2 a more operational definition is presented.

Since there are different types of alcohol and different acquisition modes, we need
subindexes to keep track. We use subindex i for type of alcohol and j for mode of
acquisition, se appendix 1 for an explanation of the indexes. Hence, y;;, denotes the
(total) unregistered acquisition of type of alcohol i from acquisition mode j for individual k
during the reference period. This variable is expressed in volume liters, not in pure
alcohol. Correspondingly, x;;, is interpreted as the (total) registered acquisition of type of
alcohol i from acquisition mode j for individual k during a year.

Please note that unregistered alcohol is associated with subindex j = 1,2,3,4 and
registered alcohol is associated with subindex j = 5,6,7. See appendix 1 for an overview
of the notation.

2.2 Parameters

Now, the parameters can be defined. Summing all ;. in the population U, i.e.

Yy keUy]k 3)

gives the parameter total quantity of unregistered acquired alcohol for type of alcohol i
and acquisition mode j. Correspondingly,

4 Please note that N in (1) and (2) usually differs.



txijU = Z Xijk (4)
keU

is the parameter fotal quantity of registered acquired alcohol for alcohol sort i and
acquisition mode j. Both ty,u and tyyju is expressed in volume liters of alcohol, i.e. not in

pure alcohol.

Another important parameter is the quantity of acquired pure alcohol expressed as per
capita. Let a;; denote the (average) alcohol strength, i.e. the percentage of pure alcohol,
for type of alcohol i and acquisition mode j. For the majority of acquisition modes the
strength according to Systembolaget (j = 5) is used. For example, for spirits (i = 4)
according to Systembolaget the strength is a;_, j—s = 0,373. See table 8 in appendix 1 for
the (average) alcohol strength. Then

QgNREG = tyijU X aij (5)
is the fotal quantity of unregistered acquired pure alcohol for type of alcohol i and
acquisition mode j. Please note that «; ;_s, i.e. the strength according to Systembolaget,
is used for all acquisition modes except restaurants (j = 6) and grocery stores (j = 7).

Dividing (5) by the population size gives the per capita measure. However, the division is
not done by N, the population size of individuals 17-84 years old, but rather by the
number of individuals at age 15 and older, which is a national and international standard
procedure. Denote this number by N, . The per capita parameter of unregistered
acquisition of pure alcohol (for type of alcohol i and acquisition mode j) is given by

UNREG ¢,y X

v - (6)
Niss Niss

Correspondingly, the parameter of registered acquisition of pure alcohol is given by

REG iy
ij txijU X Qjj (7)
Nis+ Nis+




3 SAMPLING DESIGN

The sampling frame in the survey is PAR Konsument which is based on the (larger) frame
named SPAR, which in turn is a complete (highly accurate) register of all Swedish
citizens. The survey is done by telephone so it is convenient with a sampling frame that
contains telephone numbers. Now, SPAR does not contain telephone numbers but PAR
Konsument does. Trolldal and Leifman (2017) indicate that PAR Konsument contain
some 70 percent of all individuals in the population, so there is undercoverage in the
frame.

We first describe the sampling design in words, then in a more formal way. Each month, a
large sample is drawn from the frame. The sample is stratified by gender and age groups
and the sample size is one million individuals. A simple random sample® is drawn within
each stratum. The allocation is proportional which means that the sample is self-
weighted, i.e. all individuals have the same inclusion probability. From this large base
sample, a simple random sample is drawn every week®. This means that the monthly
base sample is used for four or five week samples depending on the number of weeks in
the month. During a year, 52 different week samples are drawn from 12 different base
samples. The 52-week samples are not coordinated, so a selected individual can be
selected twice. If this occurs within the same base sample, the duplicate is removed from
the sample. If this occurs in different base samples the duplicate is not removed.

An aspect regarding the data collection might be mentioned. For a given week-sample,
the sampled individuals are contacted by telephone at most during a four weeks’ period.
For example, an individual in the week-3-sample is contacted during week 3 to 6 (at
most). If no reply is obtained during that period, no further contact is done and the
individual is classified as non-respondent. If contact is obtained and an interview is done,
the respondent is asked about acquisition during the last 30 days. The date the interview
is performed determines to which period (see below) in the estimation process an
individual is allocated.

The sampling design with a base sample from the frame and then weekly samples from
the base sample is in fact a two-phase sampling procedure (with stratification by gender
and age in the first phase). In the second phase, independent weekly samples (four or
five) of individuals are drawn by a simple random sampling procedure from the first phase
base sample. In the estimation, a post-stratification procedure is used on a monthly basis.
This means that from a randomization based perspective the design, as well as the
estimator, should formally encompass both the first and second phase samples together
with the post stratification. However, since the first phase is proportionally allocated this

5 Without replacement
6 If an individual is selected week 1 and the selected again week 2 the individual is removed from
the sample. Hence, we can say that the sampling procedure is without replacement.



sample can be regarded (from a practical viewpoint) as a simple random sample from the
frame’. Moreover, the four (or five) week samples from the base sample can together (for
practical purposes) also be regarded as a simple random sample from the base sample®.
Hence, in the technical description below we regard the four (our five) samples in a
month from one base sample as one simple random sample from the frame.

In general terms, lets = (1,2, ..., k, ..., n) denote the (whole) sample over a year and n its
size. The base sample is drawn each month. Let p = 1,2, ..., P be an index for period
(month). There are P = 12 periods (base samples) during a year. Since the base
sampling procedure is repeated each month, the monthly P samples can be regarded as
stratified samples from the population®. With an index for period the sample is s, and the
size n, and the corresponding population notation is U, with size N,,.

The sample s, is considered a simple random sample from the population U,, =
(1,..., k, ..., Np), rather than from the frame (PAR Konsument) which is approximately of
size 0.7 X Np,.

Note that the population size in period p is approximately equal to the population size
over the whole year, i.e. N,  N.

Summing the P samples gives s = Up_; s, andn = ¥/_; n,,.

Non-response occurs. Letr, = (1,2, ..., k, ..., m,) denote the response set and m, its
size'?in period p. Correspondingly, summing the P samples gives r = Uj_; 1, and m =

Z§=1 m,,. During a typical year m is around 18 000 individuals.

7 The inclusion probability in a proportionally allocated stratified simple random sample is
approximately equal to the inclusion probability in simple random sampling.

8 Drawing four independent simple random samples from a population and joining them together
is formally not equivalent to one simple random sample (four times as large as the individual
samples) from the population, but the difference is for practical purposes negligible.

9 We use p as index for stratification variable period rather than the more conventional index h. In
the estimation a post stratification is done and there the index h is used.

10 |t is the date an individual respond to the survey that determines which period he or she is
allocated to.

10



4 ESTIMATION

4.1 Post stratification and weighting

To account for non-response a post stratification procedure is used. Post stratification is a
well-known and widely used method to compensate for non-response. Se for example
Sarndal and Lundstrom (2005) for a reference.

The post stratification variables are gender (two categories), age (four categories) and
region'" (three categories). The three variables are cross classified. Let h = 1,2, ..., H be
an index for post strata where H = 2 x 4 x 3 = 24 is the number of post strata.

Within each period the response set r, is divided into H sets 7, = (1, ..., my,) where my,,

is the number of responses in post stratum h in period p. The population in each post
stratum is denoted Uy, with size Np,,.

Since the sample in each period s, is regarded as a simple random sample from the
population U, the weighting factor in the estimation is due to the post stratification to

compensate for non-response. The traditional design based way'? of calculating the
weight would be Ny, /n,, but since non-response occurs the weight'? is

Npp
Wk trad = m—hp (8)
CAN calculates a weight variable that is not according to (8). But the estimation process
is done in such a way that the final estimator in fact uses a weight according to (8), with

one small exception. This will be demonstrated below.

The weight CAN use is calculated according to

N, m,
Wi —

9)

N mhp

Note that the population size N per year is used'* instead of the population size at each
period N, (in the denominator) as well as the population size in each post strata N}, per
year instead of size at each period Ny, (in the numerator). However, this has a minor
effect in the estimation, probably negligible. The reason is that the latter is not publicly
available. If the factor Ny, /N, would be used instead of N, /N in (9), the weighting factor

" The regional dimension is the H-region division in Sweden.

12 That is using a traditional Horvitz-Thompson estimator and a simple random sampling design
with post strata

13 This is often called straight expansion within (post) strata (in Swedish “rak upprakning inom
(post) strata).

14 The source for population size is official population counts published by Statistics Sweden and
the population measure for a certain year is the population December 31 previous year.

11



in the estimation would in effect be the same as (8). This is the small exception that was
pointed out in the previous paragraph.

It is illustrative to calculate some sums of w;, over different response sets. For example
summing wy in the set r,, i.e. within each period p, gives

Wy = =m 10
Zkerp g szerhp N mhp P ( )

Summing w; in the set r, i.e. over each period p, gives

keer B Z Z Zkerh N mhp -m (1)

This means that the weight w;, is scaled so the sum over all respondents in a year equals
the response size m.

4.2 Point estimators

In expression (5) ty,u is the total quantity of unregistered alcohol in volume liters for type

of alcohol i and acquisition mode j. Estimating this total is central in the estimation of the
parameter Q//¥**¢ in (5) and in the per capita parameter in (6). We start by summarizing
the form of the estimator for ty,u- Then, in section 4.2.1 below, the estimator Eysz is

explicitly stated.

To summarize, the estimator for ¢, ;, can be written as
EZVL'}'U X Rij (12)

where £, ,, is an estimator using weights w in (9) and R;; is (an inflating) ratio'® that

account for several aspects. For example:

o Itis well known, se Trolldal and Leifman (2017), that self-reported acquisition of
alcohol (during the last month) tends to be under-estimated. This is true both for
acquisition of unregistered as well as for registered alcohol. Since the quantity of
registered alcohol can be obtained from reliable register data (mainly
Systembolaget) and the survey ask questions regarding acquisition of
unregistered as well as alcohol bought at Systembolaget the amount of under-
reporting can be estimated. This is encapsulated into R;;, as will be shown later,

in a sort of ratio type estimation.

5 We could have used a “hat” over R, i.e. 1?1-]-, but since the ratio is not estimating anything we
omitted it, to not clutter the notation unnecessarily.

12



e Earlier studies have shown that consumers of large amounts of alcohol are
under-represented in the response set. Hence, an extra effort is done to account
for this under-representation in the estimation process. This aspect is also
encapsulated into R;;.

When t,, ., is estimated, the parameter of quantity of pure alcohol Q/NRE¢ in (5) and in the

per capita parameter in (6) can be estimated as

AUNREG _ }
ij =ty u X Rij X ay; (13)

and

AUNREG ¢ -, i,
ij _ byyu X Ry X ay; (14)
Nisy Nisy

Below, we explicitly describe the construction of fyi,-u and R;;.

4.2.1 The estimator ly,.jU

As a first step in the estimation procedure a mean per period (month) p is calculated
according to

Dker, WkVijk 1 d
s o _oXep TRIUR E 7.
.VijUp - Zkerp Wy, = Nh_1 NhyUrhp (15)

where Vijrnp = (1/mpy) Zkerhp Yijk is the ordinary mean for variable y; . in the set r,,,. A

couple of aspects serve mentioning:

e In this expression y;;, is the total acquisition of type of alcohol i by mode of
acquisition j for individual k during period p, i.e. not the whole year as was stated
earlier in section 2.1. That means that the definition of y, in (1), summing all
individual acquisitions for individual k during a year now means summing all
individual acquisitions for individual k during a month. However, in the survey the
interviewer ask the respondent only about the /ast acquisition (for each mode j)'6.
In appendix 2 the operational construction of y; . is described in more detail, see
e.g. expression (58) regarding travelers’ import. One important aspect of this
procedure is that the total acquisition for individual k during period p is estimated
rather than registered'”.

16 To ask for only the last acquisition make the questionnaire less burdensome
7" It might have been more appropriate to account for this estimation by the notation J; . instead of
Yijk- However, this is not done in order keep the notation as simple as possible.

13



e The “weights” in (15) are N, /N rather than N, /N, in this expression. As
mentioned earlier this has marginal effect.

e The estimator f/l-jup can be seen as an estimator of the parameter Viju, =
(1/Np) Zkeup yijr the true mean of the acquisition of type of alcohol i for
acquisition mode j (expressed in volume liters'®). The estimates obtained by (15)
are not of particular interest other than as an intermediate calculation step and
are not presented in any of CAN:s publications.

In an additional intermediate calculation the means quup in (15) are multiplied by N x

0.01. The multiplication by 0.01 converts the unit from centiliters to liters.

Next, the values are summed over all P periods giving

P

by Zyu,, xNxOOl—OleZZNhywhp (16)

p= p=1h=1
Note that although this is an estimator it is not the estimator of ty,u in (3) since R;; in (12)

need to be multiplied with fyiju to form the (used) estimator.

Note also that (16) is the traditional design based post stratified estimator one would
arrive with by using (8) as weights, i.e.

P H
y”U trad — Z Wi tradyljk x0.01 =0.01 % Z ZZ yljk -
kETpy mhp

P H
ZZ hpyurhpz iju
p=1h=1

The only difference is the use of N, instead of N, but since N, ~ N, the estimators are

(17)

very similar.

4.2.2 The estimator /_,,

In the survey, the respondents are asked about their acquisition of registered alcohol at
Systembolaget too. Variable x, instead of y, is used to indicate acquisition of all
reqistered alcohol. In section 2.1 we defined x;;, as the total acquisition of registered
alcohol for individual k over the reference period (for alcohol type i and mode of

18 At this point in the calculation process the unit is centiliters rather than liter. That does not affect
the principle.

14



acquisition j). Since the period in the survey is month, x; is the total quantity acquired

per month. This is equivalent to the construction of variable y described in section 4.2.1,
see also appendix 2 and expression (62). Since the respondents are only asked about
their acquisition of registered alcohol at Systembolaget (j = 5), the appropriate variable is

Xij=5k-

The estimator fxu:s,, is formed identically as fyl.j,, in (16), i.e.

P
B, o0 = 0.01 X Z

H

Z NpXij=s5rp, (18)
p=1h=1
where Xij=srny = (1/myy) Zke% x; j=s IS the ordinary mean for variable x; ;_s , in the set
Thp-
Remark 1. in,j:su in (18) is not used to estimate bxyjusU the true quantity of registered
alcohol at Systembolaget (for type of alcohol i). Rather, tryjosU is obtained from reliable
transaction registers at Systembolaget. ExijU is used to form a ratio type of estimator in R;;
in (12).
Remark 2: Acquisitions from restaurants (j = 6) and grocery stores (j = 7) is not
estimated based on the Monitor survey. The true parameter values for tyyju forj = 6,7 are

obtained from external sources'®, see section 4.2.5.

4.2.3 The construction of the ratio Rl.j

The construction of R;; in (12) is somewhat complex and are done slightly different

depending on type of alcohol i and acquisition mode j. In words the procedure can be
described as

1. First heavy consumers?® are empirically established based on responses to the
survey, and estimates for this domain are done

2. Secondly, a preliminary adjustment ratio is calculated. This preliminary
adjustment (ratio) is calculated in two versions

3. Thirdly, the preliminary adjustment ratio is “fine-tuned” leading to a final R;;

Below, we describe the procedure chronologically.

19 Note that for grocery stores (j = 7) only alcohol type i = 7, low alcohol beer, applies.
20 The identification of a heavy consumer is based on consumption patterns rather than acquisition
patterns

15



4.2.3.1 Definition of heavy consumers, and estimator

The definition of a heavy consumer is data driven, i.e. depends on collected data. The
quantity of pure alcohol consumed during the last month (period p) is estimated based on
questions asked in the survey. The questions are not in terms of pure alcohol but the
units in the question asked is converted into pure alcohol and summed over all type of
alcohol. Let ¢y, denote the consumed quantity of 100 percent pure alcohol for individual
k in period p. Let Percentileyy denote the 99:th empirical (unweighted) percentile in the
response set r,,. We introduce an indicator for the heavy consumers according to

1 if cygox > Percentileyq

Ind, = {O if c19ox < Percentileg,

(19)

Since the threshold Percentileqq is data driven it varies between periods.

Next step is to apply a mean estimator similar to (15), but only for the heavy consumers
and summing over all periods, to get a mean value for the whole year. This is equivalent
to a domain estimator where the domain?' is defined by the indicator variable (19). For
domain estimation, it is practical to introduce a domain variable y,; ;. defined as

yijk lflndk =1

Yaijk ={ 0 ifind, =0 (20)

In words, variable yg;;, takes the value of y; ;. within the domain (i.e. the heavy
consumers) and zero outside the domain. The domain variable is used in the estimator

P 1 P H N 1 P H
= 2 h _
Vijug = E Vijug, == E E — E Yaijk == E E Ny Vaij 21
Ula £ YYap — N Mpp bdierpy, Y N UThp (21)

p=1h=1
where Vaijray = (1/myy) Zkahp Yaijk is the ordinary mean for domain variable yg;, in the
response set r,,,. The estimator f’ijud gives an estimate of average quantity of acquired

unregistered alcohol for heavy consumers during a year (for type of alcohol i and
acquisition mode j). If variable yy; in (21) is replaced by y;j, i.e. the ordinary y —
variable without a domain indicator, we obtain

P LA
Yiju = Zla’ijup = NZ Z N Vijrp, (22)

21 A domain (or domain of study) is a subpopulation of interest e.g. “men” and “women” as two
subpopulations of “all persons”. Belonging to domain “men” or “women” does not depend on
data, but is fixed in advance, as well as the size of the domain. Belonging to domain “heavy
consumers” does depend on data. Hence, the domain heavy consumers is not a domain in a
traditional meaning. However, it is convenient to borrow notation from domain theory to describe
the procedure.

16



where Vijrnp = (1/mypy) Ekemp Yijk is the ordinary mean for variable y;, in the response
set r,,,. Note that 3‘7”-,,17 was introduced earlier in (15). It is apparent that the only
difference between (21) and (22) is which variable, y4;;x or y;j, that is plugged in to the

estimator.

Estimators (21) and (22) are used to calculate the preliminary adjustment ratio. This is
described in the next section.

4.2.3.2 Preliminary adjustment ratio
The adjustment ratio is principally of the form

True value of acquisition from Systembolaget

Estimated value of acquisition from Systembolaget based on Monitor survey (23)

Multiplying this ratio with the estimator fyi,-u in (16) gives (in spirit) the well-known ratio

estimator, see for example Sarndal et. al. (1992). However, the final (fine-tuned) version
of the ratio is not calculated according to the school book. Let us look in to the steps
involved in the process.

Version 1 - no heavy consumer adjustment

Since the ratio (23) is based on the acquisition from Systembolaget we use estimator (18)
with subindex j = 5 for the denominator

P H
By, j_su = 0.01% Z Z NnXij=s 1y, (24)

p=1h=1
This is an estimator based on the survey for the registered acquisition of alcohol (for type
of alcohol i and acquisition mode from Systembolaget, j = 5). The true value of
registered acquisition of alcohol from Systembolaget in the numerator of (23) is tx; j=sU -

However, the true value tx; jsU is adjusted to account for the fact that many Norwegians

acquire alcohol at Systembolaget, especially close to the border in northern part of the
west coast. Hence, the true value is adjusted down with 5 percent; ty;just X 0.95.

Version 1 of the adjustment ratio is then given by

tryjosu X 0.95
Vijesio1 = g (25)
Xi'j=5U
The new subindex [ = 1 indicates that this is the first version of the preliminary
adjustment ratio. Also note that subindex j = 5 indicates that this concerns acquisition at
Systembolaget. Version 1 does not take the heavy consumers into any special
consideration, which version 2 does.
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Version 2 —heavy consumer adjustment

The adjustment for heavy consumers involves a couple of steps. The idea behind the
steps is to account for the fact that heavy consumers are believed to be under-
represented in the response set.

First, from the expression (21) and (22) calculate the ratio

ﬁi,]’=5,Ud
PrOPgi=5 = =

— 26
Yij=su X 100 (26)

This is an estimator of the proportion?? of acquisition for heavy consumers (the subindex
d indicates domain) to the total population at Systembolaget j = 5 (for type of alcohol i).
The rationale behind this interpretation is provided in appendix 3.

For example, regarding spirits (i = 4) the estimates for 2017 are

§i=4,j=5,ud 1314.6
Propg,i=4,j=s = = =

= ~ 0.088 27
$i—ass0 X 100 149.6 X 100 (27)

The numerator indicates that the heavy consumers on average acquire 1314.6 centiliters
of spirits from Systembolaget during 2017. The denominator indicates that the whole
population on average acquires 149.6 centiliters of spirits from Systembolaget during
2017. The ratio indicates that the heavy consumers stand for approximately 8.8 percent
of all acquisition from Systembolaget of spirits.

Remark: Both the numerator and the denominators underestimate their true population
counterparts. It is believed that the underestimation is roughly equal in both groups so the
ratio is believed to be more accurate.

Secondly, multiply the estimated proportion with the estimator for acquisition from
Systembolaget (18) which gives

S S

txl-']-=5_Ud = txl-']-=5_U X propdi,j=5 (28)

i.e. an estimator of the total quantity in volume liters of acquired alcohol from
Systembolaget by heavy consumers (for alcohol type i).

This estimator does not take into consideration that the heavy consumers are
underrepresented in the response set. The estimator (28) is based on the definition that
heavy consumers are the consumers with the one percent largest consumption of

22 The notation prop is used for proportion, since the more common (and short) notation p already
is used to denote period.
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alcohol. The estimator (28) can be interpreted as the quantity in volume liters of acquired
alcohol from Systembolaget for heavy consumers (for alcohol type i) if they constitute
one percent of the population. Based on results from earlier studies (Kihlhorn et al,
1999), this group of individuals are believed to be underrepresented in the response set.

Therefor the estimator is multiplied with a factor 3, i.e. Exi,j=5,Ud X 3.

At the same time the respondents that are not considered heavy consumer are “weighted
down” with a factor 97/99 according to

A 97

txi,j:s,Udznot He X 99

(29)

Please note the notation U;_,,: nc Which indicated the domain “not” heavy consumers
(HC), that is the complement to the domain heavy consumers.

Thirdly, combining these gives the second version (I = 2) of the preliminary adjustment
factor

) B txi,,-:sU x 0.95 (30)
i,j=5l1=2 — n 2
X 3 + txi‘]'=5,Ud=notHC X %

txi,j:s,”d:HC

Please note the resemblance between (25) and (30). The numerator is the same but the
denominators differ. The denominator is a sum of two domain estimators; heavy
consumers (d = HC) and not heavy consumers (d = not HC) which combined constitutes
the whole population. But multiplying the estimators with factors 3 and % gives a sumin
the denominator that is larger than the denominator in (25). In (30) the heavy consumers
are given a larger weight. Since the denominator in version [ = 2 in (30) is larger than the
denominator in version [ = 1in (25), v; j_s -, Will be smaller than v; j_s,_,.

Numerical examples for version 1 and 2

It might be helpful for interpretation with some numerical examples. Continuing with
spirits (i = 4) and 2017 the version 1 preliminary adjustment ratio given by (25) is given
by

txigjsu X 0.95 19189382 % 0.95 Lss 31
¢ T 11742122 7 (317)

Vizg j=51=1 =
Xi=4,j=5U

This preliminary adjustment ratio can be interpreted. Regarding spirits (i = 4) there is a
self-reported underestimation regarding the acquisition at Systembolaget approximately
equal to é ~ 0.64, i.e. 64 percent, giving rise to a preliminary adjustment ratio that

augment the estimate of acquired unregistered alcohol by a factor of 1.55.
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Version 2 is given by first calculating (26) which is numerically given in (27). Then
secondly calculating (28)

~

txi=4,j=5,Ud

= B,y sy X PTODgj=s = 11742122 X 0.088 ~ 1031831 2
I 32

Thirdly, calculate
19 189 382 x 0.95

vi,j=5,l=2 = 97 =~ 1.34 (33)
1031831 x3+(11742122-1031831) X939

We note that when the heavy consumers are given a larger weight the version 2 of the
preliminary adjustment ratio is 1.34, compared to 1.55 for version 1.

The preliminary adjustment ratio is calculated in two versions for all types of alcohol.

4.2.3.3 Fine-tuning of the preliminary adjustment ratio - final adjustment ratio

The fine-tuning of the preliminary adjustment ratio involves calculating moving averages.
This is done in order to stabilize the ratio from temporary fluctuations. Regarding
traveler’'s import of spirits, wine and beer as well as purchases of smuggled spirits and
beer the fine-tuning involves calculating moving averages as well as some other
adjustments. For the other beverages and acquisition sources, the preliminary adjustment
ratio is used as the final ratio and the fine-tuning only involves calculating moving
averages. Table 1 provides a summary.

Acquisition mode travelers’ import (j = 1) and wine, beer and spirits (i = 1,2,4)

In (26) the proportion of acquisition of alcohol from Systembolaget (j = 5) for heavy
consumers (domain d) was defined. Replacing the specific index j = 5 with a general j
gives the proportion for other acquisition modes

f}ijUd
= 34
pT‘Ode }_]ijU % 100 ( )
where the numerator is given by (21) and the denominator by (22). For example,
Propgi=1,j=1 = 17;155300 ~ 0.006, indicating that the heavy consumers stands for 0,6

percent of the of acquisition of wine from travelers’ import. This can be compared with the
acquisition from their share of the acquisition of spirits from Systembolaget that was 8.8
percent, see expression (27).
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A moving average of (34) is formed. We introduce subindex t for time?® (year), hence

Paijt + Paijt-1 + Paijt-
propilf” = propiify = == (35)

is a moving average? over three years. A remark regarding the notation:

o propy%’ in the middle equality contains subindex t for time which is natural and

indicates that it is connected to time period t. In the leftmost expression in (35),
i.e. propf9”, the subindex t is omitted. Nowhere else in the report there has been

a need for an index for time, it is only in connection to the moving averages.
Since we do not want to burden the notation with a time-index in every notation
we omit the t in propgi?”. Thus, propji?” always means the latest year t. This
applies for all moving averages in the report.

A similar moving average is formed for propy; j-s, the acquisition from Systembolaget.
Since (35) encompass j in general we need not explicitly state the moving average for

PTOPgi, j=5-

A moving average is also formed regarding the preliminary adjustment ratio v; ;_s, in (25)
and (30). Adding a subindex t for time gives

MOV Vij=sit T Vij=sie-1 T Vij=s1t-2 (36)
i,j=51 " 3

Note that this moving average is only done for j = 5, i.e. the acquisition from
Systembolaget.

Now, the final (fine-tuned) adjustment ratio can be stated as

MoV
propg;;
—_ MoV _ .,MOV MoV
ij= s % (V%620 —vli2% ) + v, (37)
PTropg; j=s

Note that this adjustment ratio applies for travelers’ import (j = 1) and wine, beer and
spirits (i = 1,2,4). Below, we give some comments on the interpretation and the rational
for the ratio.

A numerical example might be illustrative and help the interpretation. For spirits (i = 4)
and acquisition mode (j = 1) and t = 2017 we have

2 Please note the distinction between subindex t (without subindex) for time and t,,; the
parameter total quantity of unregistered acquired alcohol. The latter has subindex which can
vary; tyy, tyy, ty,u and can also contain a “hat” for estimation fyl_ju.

24 Note that the moving average is not centered around the middle value.
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0.036 + 0.028 + 0.025
Propgy -1 = 3 ~ 0.030 (38)

This shows that in 2017 the heavy consumer acquires 3.6 percent of spirits (i = 4) of all
travelers’ imports (j = 1). Corresponding estimates for 2016 and 2015 are 0.028 and
0.025 respectively giving a moving average of 3.0 percent.

The corresponding estimate for Systembolaget (j = 5) is

0.088 + 0.097 + 0.084
propd iy jos = 3 ~ 0.090 (39)

It can be noted that heavy consumers acquires 8.8 percent of spirits (i = 4) of all
acquisitions at Systembolaget (j = 5) the year 2017, a much bigger number than 3.6
percent. The moving average is 9 percent.

The moving average for (36) version [l = 1 is

1.55+ 1.73 + 1.83
Moy = . ~ 171 (40)

whereas (36) for version [ = 2 is

134+ 147+ 1.61
Moy = - ~ 147 (41)

Plugging this into (37) gives

0.03
Ricajmr =5 gg X (171 = 147) + 147 ~ 0.08 + 1.47 ~ 155 (42)

Taking a closer look at (37) it turns out that it in many cases can be characterized as

R;; = small_number + v/%% ,_, (43)

where small_number is the first term in (37). Hence, R;; depends mostly on v{'ffi‘é,zﬂ. But
small_number has the function of adding a smaller or larger value to v}"2%,_,. Thus R;; is
“stretched” by a small or large amount depending on prop}i?¥, propsi9.s and v}"2%,_,. To

understand how this stretching is done we look at some examples.

Example 1: if prop}i?¥ ~ propg9’s then their ratio is 1. propi¢” is the (moving average
of the) proportion acquired alcohol for heavy consumers compared to the general public
(for alcohol type i and acquisition mode j). pfﬁf}‘is is the same proportion but regarding

acquisition at Systembolaget. If the proportions are the same, the acquisition pattern for
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heavy consumers is the same when comparing acquisition mode j with Systembolaget.
This gives

MoV — ,MOV
le_lx(vlj Sll_vu Sl 2)+Ul] =5,1=2 = Vjj=51=1 (44)

i.e. version [ = 1 of the preliminary adjustment factor with no special account for heavy

consumers. This is reasonable because if propji?” ~ prop9%s we do not want to do any
special adjustment for heavy consumers, which is what v{”]"‘gl , does (se e.g. expression
(25) which is the building block in the moving average).

Example 2: if propli?” < prop§9’s, as in (42), then their ratio is small giving rise to

expression (43). If the proportion heavy consumers acquire from e.g. travelers’ import are

small compared to their proportion acquired from Systembolaget the adjustment factor

depends (almost) solely on version | = 2 of the adjustment factor, i.e. le]O‘gl - Thisis

also reasonable because if the acquisition made by heavy consumers for alcohol type i
for travelers’ import are relatively modest then we do not need to have the larger
expansion factor that version [ = 1 gives. It suffice with the expansion that version [ = 2
gives. In other words, the underrepresentation of heavy consumers in the response set
does not matter that much since they do not acquire that particular alcohol type from this
acquisition mode (travelers’ import in the example).

Example 3: if propli?” > propg9.s, then their ratio is large. If e.g. the ratio is 2.5 then

L]_st(v%mgll vl} 5l 2)+UL] 51=2 (45)

Studying the expression we see that v}’2% ,_, is the starting point and then we add 2.5

times the difference between version 1 and 2 of v. In (42) the difference is 1.71 — 1.47 =
0.24 so this difference is multiplied with a factor 2.5 that stretches R;; to become larger, in

this case even larger than v}"2%,_, = 1.71. This is also reasonable because if the

acquisition made by heavy consumers for alcohol type i for travelers’ import are relatively
large then we want to compensate for them being under represented in the response set
by the larger expansion factor that version [ = 1 gives.

Acquisition mode travelers’ import (j = 1), cider and fortified wine (i = 3,5)

Regarding cider and fortified wine the final adjustment ratio takes as simpler form than for
wine, beer and spirits, namely

Rij = v!% (46)
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i.e. the moving average of version 1 of the preliminary adjusting ratio according to (25).
This means that the preliminary adjustment ratio in this case also is the final adjustment

ratio.

All unregistered acquisition modes (j = 1,2,3,4) and all types of alcohol (i = 1,2,3,4,5)

Above acquisition mode j = 1 and type of alcohol i = 1,2,3,4,5 was described in detail.
The other acquisition modes are done similarly. Table 1 summarizes the calculation of R;;

for all unregistered acquisition modes and types of alcohol.

Table 1. Summary of calculation of final adjustment ratio for all unregistered acquisition modes and
types of alcohol

Acquisition

mode i Type of alcohol Final adjustment ratio See
MOV
;:2‘8‘;'”31 12,4 | Wine, beer and spirits | R;; = %{g%’vs vV —vMOY )+ Mo, | (37)
;I;Il;?)\;?tlers‘ 3,5 | Cider, fortified wine | R;; = v}2%,_, (46)
Smuggled 2,4 Beer, spirits R = % v — v )+ vM2% . | (37)
Smuggled? | 1,3 | Wine, cider Ry = v}'%%, ]1 (46)
Internet 1,2,3,4,5 XYclir:r) f%?,[eif'}’esz:;sé Ry =vM2%, (46)
;'rcc))rcrifction 1,2 | Wine, beer Ri; = v{"% (46)
gr?)rgjction% 4 Spirits Special estimator, see below (51)

4.2.4 The estimator for Q;.}NREG and per capita estimator

In section 4.2.1 to 4.2.3 all building blocks for estimating Q//"** according to (5) has

been formalized. The estimator for all types of alcohol and unregistered acquisition
modes, except for home production (j = 4) and spirits (i = 4), is done according to

Qil}NREG — t

25 Smuggled fortified wine is not estimated
26 Cider and fortified wine is not estimated regarding home production
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where fyi,-u’ the estimator of total unregistered alcohol (for type of alcohol i and
acquisition mode j) is given by (16), R;; is given in table 1 and q;; is given in table 8 in
appendix 1. Please not that ; ;_s, i.e. the strength according to Systembolaget, is used
for all acquisition modes except restaurants (j = 6) and grocery stores (j = 7).

The estimation for home production of spirits is done in a different way which is described
below, but first the per capita estimator is described.

The per capita parameter is given by (6) so replacing Q/V*¥¢ by its estimator Q"¢ from

(47) gives

AUNREG £ - .
ij _ byyu X Ry Xay (48)

Special calculation of Q/"}*%, for home production (j = 4) and spirits (i = 4)

The procedure is described in words in Trolldal and Leifman (2017), page 42, and is
summarized here. Let pH denote the (estimated) proportion of consumed spirits from
home production compared to all consumption of spirits. Please note that pH is regarding
consumption rather than acquisition. A usual estimate of pH is around 2 to 3 percent.
Below, we make some comments on how pH is calculated.

The procedure involves a couple of steps. First, calculate an estimate of total
acquisition?’ of pure alcohol regarding spirits (i = 4). This is done by summing the
acquisition of pure alcohol per capita over all acquisition modes, except home
production?®. Denote this quantity OS as in Trolldal and Leifman (2017), i.e.

UNREG UNREG UNREG UNREG UNREG

Q': = Q': = Q': = Q': = Q': j=
=L4,]1+l4-,]2+14,]3+14,15+L4-,]6 (49)

0S
Nis, Nis. Niss Nisy Nis.

Secondly, inflate this quantity by (one minus) the proportion of consumed spirits from
home production compared to all consumption of spirits pH according to

0s
(50)
1—-pH
The difference is the estimator for Q%% /N,5. the per capita measure, i.e.
AUNREG A
=4 = (0N . . H
Ql 4,j 4= —0S = 0S x p (51)
Nisy 1—pH 1—pH

27 Not consumption in this case, which pH is
28 Grocery stores is also excluded since they are not allowed to sell spirits in Sweden
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A numeric example regarding 2017 might be helpful. We have

0S = 0.62 + 0.13 + 0.04 + 0.86 + 0.14 = 1.79 (52)

These estimates can be found in Trolldal and Leifman (2017) in table 16%°. The estimate
pH for 2017 is 0.034, which gives

QNS 179

= -179=185-179=0. 33
N =TTo03q" 179 =185-179=006 (53)

which is the published estimate in Trolldal and Leifman (2017) in table 16. This estimate
is regarding consumption of home produced spirits as opposed to all other statistics,
which is regarding acquisition of alcohol. Se Trolldal and Leifman (2017) for a discussion
on this topic.

Remark: the estimator pH is formed by a moving average over the three last years
similar to v}2% , in (36). Before the moving average is calculated both the total
consumption of sprits and consumption of homemade spirits are corrected for over
representation in the non-response set among the heavy consumers. Since the per capita
consumption of spirits from home production is relatively small compared to total

acquisition we omit the (lengthy) technical details regarding the construction of pH.

4.2.5 The true parameter for Q¢

;i and per capita

The parameter QL?";-EG/N15+ for registered acquisition modes and types of alcohol per

capita was earlier stated in (7) and need no additional explanation. We can underline that
this estimator is regarding register acquisition from Systembolaget (j = 5), restaurants

(j = 6) and grocery stores (j = 7). In Trolldal and Leifman (2017), page 40, it is stated
that the registered acquisition regarding Systembolaget comes directly from
Systembolaget. The acquisition from restaurants is based on wholesalers' reported
information published by the Public Health Agency of Sweden (Folkhdlsomyndigheten).
The acquisition from grocery stores is calculated by the company Delfi, on behalf of the
Swedish Brewers Association (Sveriges Bryggerier) and this concerns only low alcohol
beer with between 2.8% and 3.5 % alcohol by volume.

29 Swedish wording: "Tabell 16. Den totala alkoholanskaffningen uppdelad pa anskaffningskalla
och dryck, i liter ren alkohol per invanare 15 ar och aldre, 2001-2017".
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4.3 Variance estimators

In Trolldal and Leifman (2017) the uncertainty in the estimates for unregistered
acquisition is not calculated. Due to the construction of the estimators, especially the

construction of R;; in table 1, deriving analytic expressions for the variance for e.g.
QUREC in (47) is a complex task. If variance estimators are sought, perhaps a bootstrap

procedure can be used. This report does not go any further into this matter.
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5 CONNECTION BETWEEN ESTIMATORS AND ESTIMATES

| “Bilaga 1” (appendix 1) in Trolldal and Leifman (2017) there are several tables with
estimates. To facilitate the transition between estimators and their corresponding
estimates we provide here some guidance in table 2.

Table 2. Connection between estimators and estimates in Trolldal and Leifman (2017). Table references
is regarding Trolldal and Leifman (2017)

Table Estimates based on estimator (or parameter) Expression
9,12, 13, Q[JNREC REG (48) and (7) and summations
14, 15, 16 Niss n Lot
10 {}EG Numerator in (7)
11 ty,u X Ryj Part of numerator in (48)
19 Ly, v (16) (No adjustment with R;;)
21 R;; See table 1

We give some examples. In table 9, the total quantity of pure alcohol for both
unregistered and registered acquisition for all types of alcohol is given. This unregistered

acquisition is obtained by summing Q/{"* ¢ /N, s, over all i and j, i.e.

In a similar manner the registered acquisition is obtained

J

AUNREG
2.0

=1

@UNREG 1

Nisy  Nisy

1
i=1

-

REG 1 J
ot S
Nisy Nise &ala ™V

=1 j=1

(54)

(55)

Remark 1: all indexes j for acquisition does not apply in (54) nor in (55).

Adding them together gives the total acquisition regardless of acquisition mode, i.e.

@ QUNREG QREG

= +
Nist  Niss  Niss

(56)

Remark 2: since Q/N, s, contains one part that is estimated and one part that is

registered based (true) parameter value their sum is an estimate and we use a hat in
Q/N,s, to indicate that.

For example, the year 2017 QUNREG /N, ., is estimated to 1.96 and QRES /N, is 7.07
which gives the sum Q/N,5, = 9.03. In a similar manner all estimates in table 9, and the
other tables, can be obtained by summing over appropriate indexes.

One more example: Acquisition of unregistered wine is obtained by summing over the

unregistered acquisition sources (j = 1,2,3,4) for wine (i = 1)
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AUNREG
=1 _ 1

Nise  Nisy

4
D Qe (57)
j=1

From table 9 in the report Q/NRES /N, ¢, = 0.40.

A couple of more remarks: Table 19 contains the unadjusted quantities of acquisition of
unregistered alcohol (for type of alcohol i and acquisition mode j) in volume liters (not
pure alcohol). These estimates are based on the estimator fyl.j,, in (16) without the
adjustment ratio R;;. These estimates are believed to underestimate the true parameter
value by large. For example, for spirits and travelers’ import Eyz=4,,-=1u = 9.0. From table 20
the adjustment factor R;_, ;—; = 1.55 and multiplying them gives 9.0 x 1.55 = 13.9 which
is equal to the adjusted estimate published in table 11.
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APPENDIX 1 - SUMMARY OF NOTATION

Table 3 gives a summary of used notation. In the table, we do not attach subindex to
variables, since it would mean that the table would be even longer. For example m;, and
mp, are not in the table. However, m and index h and p are listed in the table, so by
combining the listed variables and indexes all versions of variables used in the report can

be obtained.

Table 3. Summary of notation

d

h
H

~_~ X~~~ ~

~ U

QUNREG
QREG

Index for domain; in this report the only domain is heavy consumers

Index for post strata

Number of post strata

Index for type of alcohol

Number of types of alcohol

Index for mode of acquisition

Number of acquisition modes

Index for individuals in target population

Index for version of handling heavy consumers

Index for period

Number of periods

Index for acquisitions within individual k (Greek letter iota)

Variable for unregistered acquisition of alcohol (sum for an individual over all acquisitions in a period)
Domain variable, equals y in the domain and zero outside the domain

Variable for unregistered acquisition of alcohol (each acquisition)

Variable for registered acquisition of alcohol

Variable for registered acquisition of alcohol (each acquisition)

Target population for the Monitor survey (set of individuals)

Population size of target population U

Number of acquisitions for individual k during the reference period (year or month30)
Parameter total quantity of unregistered acquired alcohol (volume liters, not pure alcohol)
Parameter total quantity of registered acquired alcohol (volume liters, not pure alcohol)
Parameter total quantity of unregistered acquired pure alcohol

Parameter total quantity of registered acquired pure alcohol

Average alcohol strength, i.e. the percentage of pure alcohol

Population size of age 15 and older in Sweden

Sample from the population (set of individuals)

Sample size

Response set

Response set size

Weight variable
Estimator for ¢,

30 The length of the reference period should be clear from the context
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R Inflating adjustment ratio; account for several aspects, primarily under-reporting of acquisition

~

teu = Estimator for t,;
QUNREG Estimator for QUNREG
Ind = Indicator for the heavy consumers
C100 = Consumed quantity of 100 percent pure alcohol
Percentileqg = The 99:th percentile
Yu = Mean estimator
f’ud = Mean estimator for domain
pPropg = Proportion of acquisition for heavy consumers compared to the total population
propi°V = Three year moving average of prop,
v = Preliminary adjustment factor, used in calculating R
MoV = Three year moving average of v
0s = Estimate of total acquisition except home production of pure alcohol regarding spirits
pH = Proportion of consumed spirits from home production compared to all consumption of spirits

In appendix 2, the operational definition of variables y and x are made. This requires
some additional variables which are listed in table 4.

Table 4. Additional variables in appendix 2

g

o NS Q

= number of individuals travelling together on most recent trip (travelers’ import)

= number of trips crossing the Swedish border last 30 days (travelers’ import)

= quantity of peddled alcohol (smuggling acquisition)

= number of times smuggled alcohol is acquired last 30 days (smuggling acquisition)
= number of times of internet acquisitions during the last 30 days (internet acquisition)
= number of times acquiring alcohol from Systembolaget during the last 30 days

Table 5 gives an explanation of index i.

Table 5. Categories for index [

Type of alcohol

Wine

Beer

Cider

Spirits

Fortified wine

DA |WIN ||~

Low alcohol beer (folkdl)
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Table 6 gives an explanation of index j.

Table 6. Categories for index j

Mode of acquisition

Travelers’ import (resandeinforsel)

Smuggled

Internet

Home production (hemtillverkning)

Systembolaget

Restaurants

~N|(o|lo|h|w N =~

Grocery stores (only i = 6, low alcohol beer)

Table 7 gives an explanation of index [.

Table 7. Categories for index [

o~

Ways of handling heavy consumers

—_

No special nonresponse compensation for heavy consumers

Special nonresponse compensation for heavy consumers

Table 8 gives an numeric values for variable a. Each year, the values are revised (often
only by a small amount). Not that a; ;_s, i.e. the strength according to Systembolaget, is

used in the estimation for all acquisition modes except restaurants (j = 6) and grocery

stores (j = 7).

Table 8. Average strength of alcohol 2017, a;;

J | Acquisition mode | i | Type of alcohol aij

5| Systembolaget | 4 | Spirits 0,3729
5 | Systembolaget | 1| Wine 0,1279
5 | Systembolaget | 5 | Fortified wine 0,1604
5 | Systembolaget | 2 | Beer 0,0556
5 | Systembolaget | 3 | Cider 0,0509
7 | Grocery stores 7 | Low alcohol beer | 0,0331
6 | Restaurants 4 | Spirits 0,3095
6 | Restaurants 1| Wine 0,1140
6 | Restaurants 2 | Beer 0,0525
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APPENDIX 2 - OPERATIONAL DEFINITION OF STUDY VARIABLES

The operational definition of y; ;. och z;;, (unregistrated alcohol) and x;;, och z;j,
(registrated alcohol) is done slightly different for different acquisition modes. In section
2.1 it was stated that since each individual k can acquire alcohol several times during the
reference period (year) an individual can be seen as a cluster where the cluster size is
the number of times an acquisition is made. Let N, denote the number of acquisitions
individual k does during a year and Ny, the number of acquisition during a period
(month).

In section 2.1 we used ¢ (Greek iota) as a running index for different acquisitions. In the
survey only questions about the most recent acquisition is made. This means we do not
have to use the running index . Instead we use the ordinary index k.

We divide the description by acquisition mode.
Travelers’ import (j = 1)

In the survey, the respondent is asked about the most recent trip from abroad to Sweden.
This constitutes travelers’ import. For the most recent trip, define the following variables
asked in the survey:

® 7 j—1, is the quantity (in centiliters®') acquired of unregistered alcohol at the most
recent trip k from abroad to Sweden®?, for type of alcohol i and travelers’ import
G=1)

e g, is the number of individuals travelling together (as a group) on the most recent
trip. For example, the respondent and the spouse gives g, = 2.

e q, is the number of trips crossing the Swedish border last 30 days.
The total acquisition for unregistered type of alcohol i and travelers’ import (j = 1)

individual k has done during the period, i.e. the y —value, is calculated as

Zij=1 X Qg
Vijork = ———— (58)
Ik
Note that if a;, > 1 this is an estimate of all travelers’ import acquisitions made by

individual k during period p. However, we omit the “hat” over y to facilitate the notation.

Remark: CAN has implemented rules if the y — variable in (58) takes too large values.
We do not describe these rules in this report.

31 The respondents can actually answer in any unit, e.g. number of bottles, but this is converted
into centiliters
32 Note that an answer of zero acquired alcohol is a valid answer
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Smuggled alcohol (j = 2) - Purchases of alcohol that have been smuggled into the
country

In the survey the respondent is asked about the most recent purchase of alcohol, that
have been smuggled into the country, and if the respondent in its turn has sold any part
of it. For the most recent acquisition, define the following variables asked in the survey:

* 7 ;5 is the quantity (in centiliters) acquired of unregistered smuggled alcohol at

the most recent acquisition k

® ;=2 quantity of peddled alcohol in combination with the most recent acquisition

for type of alcohol i and acquisition mode j
e b, the number of times individual k has acquired smuggled alcohol last 30 days.

The total acquisition for unregistered type of alcohol i regarding smuggled alcohol (j = 2)
individual k has done during the period, i.e. the y —value, is calculated as

Yij=2k = (Zijj=2 — Qij=2,k) X by (59)
This is an estimate of all smuggled acquisitions made by individual k during period p.
Note that if z; ;_, , = q; j—»« all acquired smuggled alcohol is peddled.

Remark: expression (59) is not calculated for fortified wine since it is smuggled to
negligible extent.

Remark: CAN has implemented rules if variable y in (59) takes too large values. We do
not describe these rules in this report.

Internet (j = 3)

In the survey the respondent is asked about the most recent internet acquisition, with the
exception of Systembolaget. For the most recent acquisition, define the following
variables asked in the survey:

* 7 ;-3 is the quantity (in centiliters) acquired of unregistered alcohol from internet

(most recent acquisition)

*  fij=3x is the number of times of internet acquisitions during the last 30 days

The total acquisition for unregistered type of alcohol i and internet (j = 3) individual k has
done during the period, i.e. the y —value, is calculated as
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Vij=3k = Zij=3k X fij=3k (60)

Remark: CAN has implemented rules if variable y in (60) takes too large values. We do
not describe these rules in this report.

Home production (j = 4)

In the survey the respondent is asked about the home production during the last 30 days.
A criterion is that the home produced alcohol should have been completed during the last
30 days. The total quantity of completed alcohol is asked. This means we do not have to
distinguish between individual k and all possible acquisitions. Define the following
variables asked in the survey:

® 7 j—4x is the quantity (in liters) of home produced (completed) alcohol during the
last 30 days.

The total acquisition for unregistered type of alcohol i and home production (j = 4) for
individual k during the period, i.e. the y —value, is calculated as

Vijj=ak = Zij=ax X 100 (61)

The factor 100 converts the unit liters in the question into centiliters to harmonize with
other types of alcohol.

Remark 1: CAN has implemented rules if variable y in (61) takes too large values. We do
not describe these rules in this report.

Remark 2: expression (61) only applies to wine (i = 1) and beer (i = 2). Regarding spirits
(i = 4) a (completely) different procedure is used. See expression (51). No questions
regarding home production of cider nor fortified wine is asked.

Registered alcohol (j = 5)

In the survey the respondent is asked about the most recent acquisition from
Systembolaget (j = 5). Regarding acquisition from restaurants and grocery stores, no
questions are asked in the survey. For the most recent acquisition, define the following
variables asked in the survey:

e 7.5, is the quantity (in centiliters) acquired registered alcohol regarding last
acquisition from Systembolaget.
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e ¢, is the number of times acquiring alcohol from Systembolaget during the last 30
days

The total acquisition of registered alcohol i at Systembolaget (j = 5) individual k has done
during the period, i.e. the y —value, is calculated as

Xij=5k = Zf,j:s,k X ey (62)

This is an estimate of all acquisitions at Systembolaget made by individual k during
period p.
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APPENDIX 3 — RATIONALE FOR INTERPRETATION OF (26)

Expression (26) is interpreted as estimator of the percentage of acquisition for heavy
consumers to the total population at Systembolaget j = 5 (for type of alcohol i). The
rationale for this interpretation is motivated here.

The heavy consumers constitute a domain in the population. The domain is defined as
the individuals in the response set with the one percent largest consumption of pure
alcohol (se section 4.2.3.1 and the use of the 99:th percentile Percentiley). The total
acquisition of alcohol (not pure alcohol) for this domain (heavy consumers) at
Systembolaget divided by total acquisition of alcohol for the whole population ought to
give the sought percentage. Both these parameters are estimated from the survey, so we
write

J=sUg _ Yij=sug X Na _ Vij=suy X Na

- - ~ T2 _ (63)
tij=su  Yij=su XN Yij=su X N

Since the domain is defined by the 99:th percentile Percentileq in the response set the
following equality holds approximately

Ne 0 L (64)
N 100

Which motivates the multiplication of 1/100 in expression (26).
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