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Experimental Estimates of Cannabis

Consumption in Canada, 1960 to 2015

by Ryan Macdonald and Michelle Rotermann, Economic Analysis Division and Health Analysis Division

This Economic Insights article presents experimental estimates of the number of tonnes of cannabis consumed by age group for
the period from 1960 to 2015. The experimental estimates rely on survey data from multiple sources, statistical techniques to link
the sources over time, and assumptions about consumption behaviour. They are subject to revision as improved or additional data

sources become available.

Introduction
On April 13, 2017, the Government of Canada tabled

legislation to legalize the recreational use of cannabis by adults.
'This will directly impact Canada’s statistical system. For example,
once legalization occurs, cannabis activity will need to be
incorporated into a broad range of economic and social statistics
programs, including the Canadian System of Macroeconomic
Accounts, consumer and producer prices, labour statistics, and
international trade.! In order to avoid creating distinct jumps in
time series and to permit the examination of long-term trends,
it is preferable to estimate the volume of cannabis consumption
before legalization.

The focus of this Economic Insights article is to provide
experimental estimates for the volume of cannabis consumption,
based on existing information on the prevalence of cannabis use.
Canada has been collecting information on the prevalence of
cannabis use among the Canadian population through health,
addiction and drug, tobacco or alcohol use monitoring surveys
for over 50 years.?

When linked over time using statistical techniques and combined
with assumptions about consumption behaviour, these surveys
provide a rich data source from which information about the
volume of cannabis consumption consistent with the national
accounts framework can be derived.’

Estimation approach

The number of tonnes of cannabis consumed each year is
estimated by means of an approach that first multiplies the
population by the prevalence of cannabis use to estimate the
number of consumers, and then multiplies the number of
cannabis consumers by the number of days of consumption and
their dosage per day. The calculations include assumptions to

1. See Statistics Canada (2017), Tebrake (2017).

take bias and/or underreporting into account and are performed
for specific age groups. This allows for changes in the age

composition of cannabis consumers.

'This estimation strategy follows that of the Parliamentary Budget
Officer (PBO) (Office of the Parliamentary Budget Officer
2016), which forecasts consumption estimates for Canada in
the period following legalization; of ESPAD (2015), which
estimated cannabis consumption across a number of European
nations; and of Abramsky and Drew (2014), who estimated
cannabis consumption for inclusion in the national accounts of

the United Kingdom.

What data are there on cannabis consumption
prevalence?

Since the early 1970s, a series of national surveys have been
conducted. Early periods have more sporadic data points,
while numerous surveys are available for later periods. The
national surveys with questions about cannabis, or marijuana, use
begin with The Commission of Inquiry into the Non-Medical
Use of Drugs (Le Dain 1972), commonly referred to as the
“Le Dain Commission,” which was followed by the Health
Promotion Survey (HPS) (Statistics Canada n.d.z, n.d.);
the National Alcohol and Drug Survey (NADS) (Statistics
Canada n.d.c); the General Social Survey (GSS) (Statistics
Canada n.d.d); Canada’s Alcohol and Other Drugs Survey
(CADS) (Statistics Canada n.d.e); the Canadian Community
Health Survey — Mental Health (Statistics Canada n.d.; n.d.g);
the Canadian Addiction Survey (CAS) (Adlaf, Begin and Sawka
2005); the Canadian Alcohol and Drug Use Monitoring Survey
(CADUMS) (Health Canada n.d.); the Canadian Tobacco Use
Monitoring Survey (CTUMS) (Statistics Canada n.d.4); and
the Canadian Tobacco, Alcohol and Drugs Survey (CTADS)
(Statistics Canada n.d., n.d.y).

2. The surveys employed to create the extended time series include both national and regional data sources.

3. The Canadian System of Macroeconomic Accounts (CSMA) is based on the 2008 System of National Accounts (SNA 2008). Although the SNA 2008 contains a provision for
including illegal activity where transactions taking place include a mutual agreement between parties (United Nations et al. 2008, 3.96 to 3.104), the CSMA includes only
estimates for activities such as “under the table” payments to contractors. The CSMA does not currently include entries related to non-medical narcotics use.

Within the SNA 2008 framework, final consumption is the activity performed by households commonly referred to as “consumption” in economics. According to the SNA
2008, “final consumption” consists of goods and services used by individual households or the community to satisfy their individual or collective needs and wants. Therefore,
the desired result from the estimation exercise is the volume of cannabis purchased by households for their own use each year.

CSMA data are available for an extended time period, and this complicates estimation as extended time series are desired in order to maintain the time-series consistency of
the CSMA. The desire for a time series estimate that accords with SNA 2008 consumption definitions is the primary motivation for constructing the extended time series.
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These surveys have different questionnaires; purposes (e.g.,
drug, tobacco and alcohol use monitoring versus health
surveys); collection modes (paper versus telephone or in-person
interviews); and collection agencies and sponsors. Despite their
differences, they tend to ask a similar question about cannabis use
in the previous 12 months and have a similar target population.*

Given the periodic implementation of early national surveys, it is
difficult to create an annual time series for cannabis consumption
without supplemental information. A number of regional surveys
are available, and the estimates from surveys conducted by the
Centre for Addiction and Mental Health (CAMH), including
the Ontario Student Drug Use and Health Survey (OSDUHSY)
of high school students (Boak et al. 2015) and the CAMH
Monitor (lalomiteanu et al. 2016), which surveys adults, were
included as part of the projector because they have the longest
unbroken time span (1977 to 2015) and because they pertain to
Ontario, the province with the highest population.

Published results from independent researchers® are also used to
quantify the increase in consumption in the late 1960s and early
1970s. 'The historical record shows a rapid spread of cannabis
consumption among young people during this period. Most of
these studies focus on high-school-aged persons; as a result, this
age group accounts for most of the data for this period.

Turning survey data into a time series

In order to create a time series of prevalence from cross-sectional
survey data, it is useful to decompose the problem into three
steps: first, identify the most appropriate level; second, create the
path through time; and third, benchmark it to the appropriate
level. This approach ensures the strongest use of available data
sources by permitting different types of surveys to play to their
relative strengths.

The level for the prevalence of cannabis use is drawn from the
2002 and 2012 Canadian Community Health Survey — Mental
Health (CCHS-MH). These surveys are believed to currently
provide the most accurate prevalence estimate among existing
self-reported survey data with respect to survey purpose and
saliency (health survey compared to addiction or drug, tobacco
or alcohol monitoring), mode (in-person interviews), collection,
and survey weighting practices (see Rotermann and Macdonald
forthcoming). From the 2002 and 2012 CCHS-MH, the
prevalence for cannabis use is extracted for persons aged
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15 to 17, 18 to 24, 25 to 44, and 45 to 64. 'These levels by age
group form the base to which annual time series movements are

benchmarked.

To estimate a time—path projector of cannabis consumption for
each age group, prevalence estimates are compiled and collated
fromindependentstudies, the Le Dain Commission, the CAMH
surveys, the CTUMS and the CTADS. An evaluation of
competing data sources for the post-2000 period determined
that CTUMS and CTADS are the preferred data sources for
constructing annual time trends. These data sources cover many
of the same reference periods as other data sources, but comprise
a longer, unbroken series with more consistent terminology,
survey methodologies, higher response rates and more precise
survey weights (see Rotermann and Macdonald forthcoming;
Macdonald and Rotermann forthcoming). Early national
surveys (HPS, NADS, CADS, GSS) pertaining to the 1985-to-
1994 period are also excluded because other more complete
data series, namely, CAMH’s Monitor and OSDUHS, were
available (see Macdonald and Rotermann forthcoming).

The estimates from independent studies, the Le Dain
Commission, the estimates from the CAMH, the CTUMS
and the CTADS cover a majority of the years from the late
1960s to 2015, but they do not cover all years, and not all data
sources exactly correspond to the age categories from the 2002
and 2012 CCHS-MH benchmark(s).® Linear interpolations
are employed to bridge gaps between estimates when data are
unavailable for a particular period, and the assumption that the
CAMH data, the Le Dain Commission data, and data from
independent surveys represent acceptable instrumental variables
in the earlier period from which prevalence can be estimated (see
Macdonald and Rotermann forthcoming).

Determining benchmarked and adjusted rates of
cannabis consumption for Canada

Once the time—path projector isbenchmarked to the CCHS-MH
levels by age group, the number of cannabis consumers can be
estimated by multiplying prevalence by population and making
an adjustment for under reporting.”® Once this is done, an
image of how the rate of cannabis consumption adjusts through
time emerges (Chart 1). Importantly, the level estimates for
the benchmarked rate of cannabis consumption will generally
not accord with published sources. Moreover, the quality of the

4. Typically, the surveys ask a question similar to “Have you ever used or tried marijuana, cannabis or hashish?”; “Have you used it in the past 12 months?” Some early studies
examined the past six months. They also exclude all, or a mixture, of the following: persons residing in institutions, the on-reserve population, full-time members of the
Canadian Forces, persons residing in the territories, the homeless, persons without telephones or unable to converse in English or French, and cellphone-only households.

5. Lanphier and Phillips (1971), Smart and Fejer (1971); Smart, Fejer and White (1972); Rootman (1972); Currie, Perlman and Walker (1977). Note: Lanphier and Phillips
published results based on work done for the Commission of Inquiry into the Non-Medical Use of Drugs.

6. For example, CAMH data cover high school students from Ontario in grades 7, 9 and 11 rather than 15- to 17-year-olds specifically while, for older age groups, the CAMH
data are reported for age spreads other than those of the data collected from modern national surveys.

7. As with other parameters where direct measurement is not available, the values from the PBO (Office of the Parliamentary Budget Officer 2016) are employed for the
following reasons: (1) the estimates from the PBO (Office of the Parliamentary Budget Officer 2016) are professionally created, discussed and researched; (2) there is no
justifiable reason to exclude or change them at this time; and (3) there is value in maintaining consistency in measurement when admissible.

8. The under reporting adjustment is designed to correct for persons who do not truthfully report their consumption of cannabis. It was incorporated into the report of the PBO
(Office of the Parliamentary Budget Officer 2016). The under reporting adjustment is somewhat crude, but it aligns with concerns among researchers about the validity of

self-reported consumption of an illegal activity that can carry social stigma.
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instruments used to estimate the time path for this rate declines
as one moves further into the past. Consequently, the path
through time is not an exact measure for each age group in each
year; rather, it shows broad changes across time periods with the
highest quality estimates being those from 2002 onwards.

For the benchmarked and adjusted series, the results clearly
show a rapid increase of cannabis consumption among youth
in the late 1960s and early 1970s, from an assumed low level of
consumption based on the earliest point the projector indicates.’
Rates for these age groups then stabilize before declining to a low
point in the early 1990s. Through the rest of the 1990s, there is
a return to a similar rate of cannabis consumption among youth
as was observed in the 1970s, and, after the late 1990s and early
2000s, a second period of decline begins. The pattern is clearer
for youth aged 15 to 17 than for those aged 18 to 24; this is likely
related to data source availability. There are more data available,
and at a higher frequency, for persons aged 15 to 17 than there
are for older age categories.

Chart 1
Benchmarked and adjusted rate of cannabis consumption by
age group, 1960 to 2015
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Note: The benchmarked rate of cannabis consumption estimates are based on a methodology that
incorporates growth rates between modern and historical data sources with level estimates from
the Canadian Community Health Survey — Mental Health.

Source: Statistics Canada, authors' calculations.
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For persons aged 25 to 44, consumption begins at a low level
in the early 1970s; from there, it increases along a linear trend
through time.’® A similar increase occurs for persons aged 45 to
64. The increase among persons aged 25 to 44 is sufficiently large
that, by 2015, they have roughly the same rate of consumption
as persons aged 15 to 17.

With regard to the total rate of cannabis consumption, there
is a rapid increase in the late 1960s and early 1970s resulting
from the expansion of cannabis consumption among youth.
Through the 1980s and early 1990s, declines among youth offset
increases in consumption among older age groups. The 1990s
have a larger increase in total consumption as both the younger
age groups and the older age groups showed increases. Most
recently, declines in use among youth have been outweighed
by increases among older persons, which have led to an overall
increase in cannabis consumption.

For all age groups, and for the total, there is a degree of time
series variance in the estimates resulting from changes in data
collection, sample sizes and/or interpolation that likely do not
reflect actual changes in prevalence.! 'This is particularly the case
for consumption estimates for persons aged 18 to 24 from the
1960s to the end of the 1990s, and for persons aged 25 to 44
from the 1980s through the 1990s; care needs to be exercised
in drawing conclusions about annual fluctuations during
these years.

9. The assumption that the rate is fixed at the earliest observation for youth aged 15 to 17 and 18 to 24 serves two purposes. First, it produces a total where there is a low
level of background cannabis consumption that accords with data and research conducted as part of the 1972 Le Dain Commission. Second, it provides a base to which time
series filters can be applied to help smooth fluctuations in the time series and illustrate the trend present during the initial expansion in cannabis consumption prevalence.

10. Itis known from criminal conviction records that persons over the age of 24 engaged in the cannabis market prior to the early 1970s. However, the first time they begin to
be reflected in a statistically noticeable manner is the early 1970s. The composition of the cannabis market in the period from 1950 to the mid- and late-1960s may have
been significantly different from the structure observed after the middle of the 1960s, but no known data source exists to elucidate its structure.

11.All the point estimates taken from probability samples are associated with ranges of values defined by confidence intervals or a range of plausible values. Depending on
sample sizes and the magnitude of the parameter that one is trying to estimate, it is to be expected that different samples drawn from the same target population might not

produce the same estimate.
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Composition of consumers

Chart 2
Age composition of estimated cannabis-consuming population,
1960 to 2015
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Note: Estimates for the population of cannabis consumers will differ from those in survey estimates
due to (a) the use of benchmarked prevalence estimates; (b) the use of the Canadian population
rather than the survey population; and (c) an assumed correction factor for underreporting.

Source: Statistics Canada, authors' calculations.

The results show that cannabis activity in the earliest years
examined (1960 to 1980) is a youth market. However, in the
middle of this period, the effect of rising consumption among
persons aged 25 to 44 begins to transition the market towards
older age groups (Chart 2). This process continues as persons
aged 45 to 64 begin to enter the market in the late 1970s, and
continues up to the last data point in 2015. In 2015, persons
older than 24 account for two-thirds of cannabis consumers
while persons aged 15 to 17 account for less than 6%.

'The aging pattern is reflective of a demographic shift taking place
over decades rather than the changes seen in consumption in the
late 1960s and early 1970s that had more to do with a rapid
shift of preferences within a cohort.’ The compositional change
in the cannabis market is consistent with a change where the
baby boomer cohort was exposed to cannabis in high school and
university, and carried a preference for cannabis consumption
with them as they aged." The rising trend occurs as boomers, and
the cohorts that followed after them with similar exposure and
preferences, replaced the war generation, which had different
preferences with respect to cannabis use.
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How are consumers transformed into tonnes
consumed?

To estimate the volume of cannabis consumed from the number
of consumers, two pieces of information are needed: (1) the
number of consumption days, and (2) the quantity of cannabis
consumed per day. However, there are important differences
across age categories and in frequency of consumption.

As a result, to improve estimation, three additional steps are
taken. First, measures of the number of consumption days are
based on the frequency of cannabis consumption in the past year:
daily; weekly but not daily; one to three times per month; less
than once per month; and once. The conversion of consumption
frequency to consumption days can lead to some uncertainty.
In the absence of additional frequency information, the mid-
point of each frequency bin is assumed to be the number of
consumption days."

Second, the relative frequency of consumption for each age
group of consumers is used to allocate consumers to reflect their
frequency of consumption. The allocation reflects the result from
the CCHS-MH 2012 that older consumers are more likely to
be consistent consumers: the proportion of persons indicating
that they consumed cannabis once per year falls as one moves
to older age groups. Whether this reflects increased levels
of experimentation on behalf of younger persons or a lack of
occasion on behalf of older persons is not identifiable.

Third, for each frequency, the estimates for grams per day
correspond to those from the PBO (Office of the Parliamentary
Budget Officer 2016). Infrequent consumers are assigned small
quantities of cannabis while more frequent consumersare assigned
larger quantities. The estimates show low levels of consumption
per day for low-frequency consumers and higher consumption
volumes for higher-frequency consumers. The PBO adjusted
U.S. estimates to match the Canadian frequency classification
since there does not appear to be a Canadian data source. The
same assumption is applied here, and the estimates from the
Office of the Parliamentary Budget Officer are employed.

An estimated 700 tonnes consumed by 2015

'The estimate for the volume of cannabis consumed based on this
methodology increases rapidly beginning in the late 1960s, and
reaches 225 tonnes per year by 1973 (Chart 3). After that, the
total volume of consumption rises more or less linearly, up to
the 1980s, when volumes consumed begin to decline, reaching
a low point in 1992. The remaining portion of the 1990s shows
a period of increase, followed by a plateau over the 2000s and a
rapid increase from 2010 to 2015.

12.The observation that there has been a movement towards an older cannabis user population in Ontario has been noted previously (e.g., lalomiteanu et al. 2012).
13.As is the case for the persons aged 25 to 44 and persons aged 45 to 64, recent data for the years from the mid-2000s onwards indicate a rising rate of cannabis
consumption among persons 65 and older. While not present in the estimates here the effect of aging baby boomers appears to continue as the cohort ages. This is also

found in Australia (Kostadinov and Roche 2017) and the United States (NIDA 2015).

14.This is the same assumption as that of the PBO (Office of the Parliamentary Budget Officer 2016).
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'The volume of cannabis consumed increases more rapidly than
the cannabis-consuming population as a result of the evolution
towards an older, more consistent cannabis- consuming
population through time.

The relative importance of the different age groups, including
the age groups with the highest rate of consumption or the
highest number of current consumers, to the volume of cannabis
consumption can change over time. Those aged 18 to 24 had the
highest volume of consumption from the early part of the period
until the middle of the 1980s. At that point, the consumption
volume of those aged 25 to 44 attained roughly the same level,
and eventually exceeded the consumption volumes of the
younger cohort. By 2015, persons aged 45 to 64 were estimated
to be consuming about the same quantity of cannabis as persons
of university age.

For youth aged 15 to 17 and 18 to 24, there is little growth after
the rapid increase noted in the late 1960s and early 1970s. What
is observed is a dip, followed by a return to 1970s consumption
levels for both age groups.

Chart 3
Estimated cannabis consumption by age group, 1960 to 2015
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The results suggest that, over time, not only is the overall
cannabis-consuming population rising, but that those who
are consuming cannabis tend, on average, to be older and
consuming more per year than the average consumer did in the

1960s and 1970s.

Smoothing the number of tonnes consumed

One of the challenges for interpreting the long-term trends in
cannabis consumption is the year-to-year volatility that comes
from the underlying data collection and compilation process,
and from the existing gaps, which require linear interpolations
to fill. It is therefore possible that annual changes reflect the
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data collection process, such as wide confidence intervals or
intermittent survey collection, and do not stem from actual
changes in cannabis consumption.

To produce a more interpretable series, it can be useful to
smooth the unusual movements. A number of statistical tools
are available to perform this type of filtering, and each has the
goal of disentangling movements in trends from temporary
movements through time. For the cannabis data presented
below, a Hodrick—Prescott (HP) filter is applied in a piecewise
manner. This is done to best capture the periods of rapid
expansion and the period of slow rise afterwards, as different
sets of smoothing parameters appear to best describe the two
periods. To estimate the underlying trend change in the tonnes
of cannabis consumed, an assumption of modest growth from
1960 to 1962 is combined with the two filtered series, which are
joined in 1975/1976.

Chart4

Raw versus smoothed estimated volume of consumption,
1960 to 2015

tonnes

800

700
600
500
400
300
200

100

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
— ——~ Total tonnes consumed

Blended trend of tonnes consumed

The smoothed series continues to show rapid growth in the late
1960s and early 1970s, after which it exhibits a more gradual
upward movement, with a pause in the early 1990s, than does
the raw series (Chart 4). This accords much more closely with
the notion of a gradual, demographic-based change than the
raw series would imply, and also helps deal with a number
of methodological differences in the underlying surveys
(Macdonald and Rotermann forthcoming).

How solid are these estimates?

Estimating the volume of cannabis consumption is fraught
with methodological difficulties, missing information, differing
quality instrumental variables and assumptions. Consequently,
there is considerable uncertainty about the level of consumption.
For some sources of uncertainty, such as the assumption
that the relative frequency by age is fixed over time, there is
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no quantifiable measure of uncertainty. For other pieces of
information, however, it is possible to examine confidence
intervals or plausible ranges. In particular, the data from the 2012
CCHS-MH, which forms a base year and from which relative
frequency information is drawn, provide a set of confidence
intervals that can be used to assess uncertainty. Similarly,
the upper and lower values for the number of consumer days,
or the confidence intervals for consumption volumes per day,
can be incorporated to indicate how much a particular change
may influence the volume estimate.

The effect of sequentially adding these sources of uncertainty
is shown in Chart 5. This chart shows the percentage change
to the volume of cannabis consumption that comes from using
the upper and lower values from either confidence intervals or
plausible ranges. It begins by using the confidence interval for
prevalence from the 2012 CCHS-MH, which is a benchmark
year. Importantly, because the time series projector does not
have a confidence interval, the measured uncertainty discussed
here is equivalent to raising or lowering the volume estimate by
a particular percentage along its entire length; this is how the
uncertainty is shown.

Chart5
Estimated cumulative range of uncertainty for the volume
of consumption
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15.See: United Nations Office on Drugs and Crime (2007, p. 116).
16.See, for example, Desjardins and Hotton (2004).
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The effect of base year uncertainty for the prevalence estimates
would lower the volume estimate by 9.2% or raise it by 9.9%.
Including the uncertainty from the frequency distribution leads
to a 1.2-percentage-point increase in the lower adjustment
and a 0.5-percentage-point increase in the upper adjustment.
'The effect of uncertainty coming from the adjustment for survey
underreporting leads to a 7.3-percentage-point change in the
downward adjustment and an 8.8-percentage-point increase in
the upper adjustment. This means that the number of cannabis
consumers could be adjusted down by up to 17.6% or raised by
up to 19.2%.

The uncertainty around the number of consumption days would
lower the downward adjustment by 25.0 percentage points
or raise it by 37.0 percentage points, while the uncertainty
around grams consumed per day increases the lower bound
by 11.5 percentage points and raises the upper bound by
39.2 percentage points. Cumulatively, the uncertainty about the
volume estimate is sufficiently large that it could reasonably be
reduced by about 54% or increased by about 95%.

Conclusion

An examination of the extended time series clearly reveals that
many data sources indicate the same types of changes (i.e.,
rising prevalence, growing importance of older age groups and
younger age groups that cycle), so the trends in consumption
appear to be well-supported. However, early data sources do not
align perfectly with later data sources. In particular, they tend to
focus on urban areas or universities or can have smaller sample
sizes. As well, societal acceptance of cannabis consumption
changes over time and this can impact on people’s willingness
to disclose this consumption activity. These changes have the
potential to affect trends over time, are difficult to assess and are
not controlled for.

Nevertheless, the extended time series matches the expectations
one would have for cannabis activity: an initial focus on youth
but aging through time; a rapid increase in the 1960s and
early 1970s; an effect from the documented declines in youth
consumption through the 1980s and early 1990s; the increases
of the 1990s and thereafter.”® The broad trends also align well
with other less-complete data sources, such as law enforcement
records.'®!

The levels for the population of cannabis consumers and the
volume of consumption are subject to greater uncertainty.
This occurs as there are unquantified degrees of uncertainty in
the data. This does not make them invalid, but rather indicates
that unresolved measurement challenges remain.

17.These data sources are not as reliable as survey-based data because of differential enforcement effort over time, an element of randomness in discovery, and the absence
of a systemic method for sample selection and data collection (Mawani, Maslov, and Lawrence 2017). Nevertheless, they are an alternative source of information that can
provide basic information, for example, when the number of arrests and enforcement efforts rises, and they can be used for crude comparisons.
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Nevertheless, the estimates for the cannabis-consuming
population and the volume of consumption presented in this
paper align with what is understood about Canadian cannabis
activity overall. When the volume estimates are combined with
the $7.14 per gram from Ouellet et al. (2017, p. 23), the $8.00
per gram from Tebrake (2017, “Non-medical cannabis: estimates
of Canadian household expenditures,” fourth paragraph) or
the $8.84 per gram from PBO (Office of the Parliamentary
Budget Officer 2015, p. 2), the implied value of cannabis sales
in Canada for the year 2015 would be $5.0 billion, $5.6 billion
or $6.2 billion, respectively. This is would make the cannabis
market in Canada in 2015 roughly one-half to two-thirds of
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