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ABSTRACT

Aims Drug policy strategies and discussions often use prevalence of drug use as a primary performance indicator.
However, three other indicators are at least as relevant: the number of heavy users, total expenditures and total
amount consumed. This paper stems from our efforts to develop annual estimates of these three measures for cocaine
(including crack), heroin, marijuana and methamphetamine in the United States. Methods The estimates exploit
complementary strengths of a general population survey (National Survey on Drug Use and Health) and both survey
and urinalysis test result data for arrestees (Arrestee Drug Abuse Monitoring Program), supplemented by many other
data sources. Results Throughout the 2000s US drug users spent in the order of $100 billion annually on these
drugs, although the spending distribution and use patterns changed dramatically. From 2006 to 2010, the amount of
marijuana consumed in the United States probably increased by more than 30%, while the amount of cocaine
consumed in the United States fell by approximately 50%. These figures are consistent with supply-side indicators, such
as seizures and production estimates. For all the drugs, total consumption and expenditures are driven by the minority
of users who consume on 21 or more days each month. Conclusions Even for established drugs, consumption can
change rapidly. The halving of the cocaine market in five years and the parallel (but independent) large rise in
daily/near-daily marijuana use are major events that were not anticipated by the expert community and raise impor-
tant theoretical, research, and policy issues.
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INTRODUCTION for the White House Office of National Drug Control

Policy (ONDCP), providing annual figures for four illicit

Drug policy strategies and discussions often use preva-  drugs from 2000 to 2010: cocaine (including crack),

lence of drug use as a primary performance indicator; yet  heroin, marijuana and methamphetamine [3]. After

three other indicators are at least as relevant. The
number of frequent or heavy users and the quantity
(weight) consumed are better measures for public health
planning and assessment purposes. Total expenditures
are more indicative of criminal harms.

There are two general approaches for estimating con-
sumption and expenditures: one based on supply indica-
tors (e.g. source-country production) and another rooted
in estimates of prevalence. The limits of both are well
documented, and any responsible estimate must recog-
nize the tremendous uncertainties involved [1,2].

This essay stems from our effort to develop new
demand-side estimates of consumption and expenditures
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summarizing the key findings and methodological inno-

vations, we raise two questions:

1 Why did US cocaine consumption fall so sharply—
roughly 50%—from 2006 to 2010?

2 Why did marijuana use—particularly daily/near-daily
use—rise sharply from 2006 to 2010?

METHODS

To estimate expenditure and consumption for each drug
we estimate the numbers of four different types of past-
month users (defined by frequency, ranging from those
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who use only occasionally to those who use daily or

near-daily), multiply by type-specific rates of consump-

tion or spending, and then sum. The estimates exploit
the complementary strengths of a general population
survey (the National Survey on Drug Use and Health, or

NSDUH) and both survey and urinalysis test result data

for arrestees (from the Arrestee Drug Abuse Monitoring

Program, or ADAM), and are supplemented by a range

of other data sources (e.g. county-level data on mortal-

ity, treatment admissions, employee drug testing, demo-
graphics, socio-economic indicators).

The approach for marijuana differs from that used for
cocaine, heroin and methamphetamine (hereinafter
meth). To simplify, the marijuana estimates are rooted in
the general population survey, NSDUH, but augmented
with additional information on arrestees (ADAM) and
youth (Monitoring the Future, or MTF). Basing consump-
tion estimates for the other drugs on NSDUH data is hope-
less; the great bulk of the daily and near-daily users who
dominate consumption do not show up in NSDUH-based
statistics. Rather, estimates of cocaine, heroin and meth
consumption in the United States must be rooted in
ADAM and then supplemented with NSDUH and other
sources.

The reports produced for ONDCP describe the calcula-
tions in detail (a 120-page main report and a 70-page
technical report) [3]. Below are the eight major steps we
used to estimate the numbers of chronic users of cocaine,
heroin and meth. We employ the term ‘chronic drug user’
(CDU) to maintain consistency with the previous estima-
tion methodology, but note that it has nothing to do with
duration of use. It merely means use on 4 or more days in
the past month.

» Step 1. Quantify the relationship between (i) the pro-
portion of positive drug tests among adult male arrest
events recorded in ADAM jurisdictions and (ii) county
and state-level covariates that are available for all coun-
ties in the country.

 Step 2. Project the share of positive drug tests among
adult male arrest events in all counties using the model
generated in Step 1.

» Step 3. For counties with reliable Uniform Crime
Reports (UCR) arrest data from the Federal Bureau of
Investigation, multiply this predicted rate by the
number of adult male arrest events. This generates an
estimate of the number of male arrest events that
involve someone who would test positive.

» Step 4. Sum across these counties and scale up using
UCR national estimates to project the national total of
adult male arrest events involving someone who would
test positive, including those counties lacking detailed
UCR data.

e Step 5. Translate the number of adult male arrest
events involving someone who would test positive to
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adult male arrest events involving a CDU using the rela-
tionship observed in cities with ADAM data

e Step 6. Convert the total number of adult male
arrest events involving a CDU to the total of adult
male arrestees who were CDUs (i.e. from events to
individuals).

» Step 7. Extrapolate from adult male arrestees who were
CDUs to all adult male CDUs (i.e. inflate the estimate to
include both those who were criminally active but hap-
pened to not get arrested in the last year and also those
who were not criminally active apart from their drug
use).

» Step 8. Combine data from several sources (e.g. treat-
ment admissions, overdose deaths, NSDUH) to scale up
the national total of adult male CDUs to account for
females and juvenile CDUs.

The reports build on previous versions of ONDCP’s
What America’s User Spend on Illegal Drugs series [2,4—6]
and make a number of methodological contributions,
including: (i) distinguishing among four different fre-
quencies of drug use categories instead of two; (ii)
expanding the number of data sources used to estimate
the number of chronic drug users; (iii) recognizing that
frequent cocaine, heroin and meth users often make
many small, not a few bulk purchases, and so do not
receive quantity discounts; and (iv) incorporating mari-
juana potency trends.

KEY FINDINGS
Chronic drug users

Table 1 presents CDU estimates for four drugs in the
United States from 2000 to 2010. The 2000-03 mari-
juana estimates and 2000-06 meth estimates are not
perfectly comparable to the later years because of
changes in survey questions and methods. All these
estimates are plagued by considerable uncertainty,
but from different sources, and those differences are
instructive.

The marijuana estimates are rooted in NSDUH
because the usual concern about hidden populations
does not pertain. So many people admit to marijuana use
that there simply are not enough people outside the
survey sampling frame to harm the estimate greatly [7],
and several of those populations (notably active duty
military personnel and those incarcerated) are known
not to use at high rates [8].

Of course, respondents either under- or over-reporting
their use is a concern. We adjust the prevalence rates of
youth users to match the (age-specific) prevalence rates
reported by MTF, and we adjust the prevalence rates of
NSDUH users who report past-year involvement in the
criminal justice system to match those reported in
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1.8

1.2 1.6 1.9 2.2 2.6 2.6 2.3 2.0

0.9

Middle

Meth

1.2-3.6 1.0-3.2 0.9-2.9 0.7-2.7

1.4-3.8

1.2-3.5 1.5-3.9

0.8-2.7 1.0-3.1

0.5-2.2

0.3-1.9

Lower—higher

The lower and higher ends of the range are meant to give some sense of the uncertainty, but they should not be considered 95% confidence intervals or extreme bounds. The 2000-03 marijuana estimates and 2000-06

methamphetamine estimates are not perfectly comparable to the later years because of changes in survey questions and methods. NSDUH

National Survey on Drug Use and Health.
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ADAM. The NSDUH adults not involved in the criminal
justice system are adjusted upwards by 25%, based on
Kilmer et al. [1]. These estimates are roughly 35-40%
larger than the unadjusted estimates listed in the
‘NSDUH-raw’ row.

The situation is very different for the other drugs
because the household survey under-estimates frequent
use to a much greater degree. For example, based on the
2010 NSDUH, one would conclude there are only 60 000
daily or near-daily heroin users in the United States. Our
ADAM-based projection models suggest that the correct
figure is closer to 1 000 000.

Estimates of daily/near-daily use of hard drugs must
be built up from systems that routinely encounter
such people, such as booking facilities, public and
private treatment programs and residential homeless
shelters. Given the limited treatment funding in the
United States, and the nation’s massive deployment of
criminal sanctioning, we work with arrestee data.
However, whether one starts with those treated or those
arrested, the US data systems are local, raising the chal-
lenge of extrapolating local-level estimates to the nation
as a whole.

The extrapolation appears to work remarkably well for
cocaine, which is used throughout much of the country.
A readily available set of predictor variables, including
demographics and drug-specific data such as proportion
of pre-employment drug tests that are positive, explains
most of the county-to-county variation in arrestees’ rates
of testing positive for cocaine. However, this approach is
less useful for meth. Meth in the United States is concen-
trated in regions that are not well covered by ADAM, and
it is not predominantly an urban drug, whereas most
ADAM sites are in major cities. The situation for heroin is
intermediate.

For cocaine, heroin and meth, the lower and higher
ends of the ranges in Table 1 reflect only one source of
uncertainty: the 95% confidence interval surrounding
the share of adult male arrest events involving a positive
drug test. As there are many other sources of uncertainty
(e.g. the share of those with positive tests who are chronic
users), readers should not consider these as lower or
upper bounds or as confidence intervals. The approxi-
mate ratio of the higher to lower estimates for cocaine is
2:1, for heroin it is 3 : 1 and for meth itis 4 : 1.

Expenditures

Multiplying the numbers of users of each frequency type
by average monthly spending rates for that type, and
summing, yields an estimate of expenditure and under-
scores the importance of collecting survey data on users’
spending behavior. Spending per day is correlated posi-
tively with days of use per month, so multiplying the total
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number of use-days by the average spent per day would
under-estimate aggregate spending to a considerable
degree.

Figure 1 shows the resulting estimate of US expendi-
tures on illegal drugs. We believe drug users in the United
States spent on the order of $100 billion (adjusted for
inflation) annually on cocaine, heroin, marijuana and
meth throughout the decade, but the composition by
drug shifted substantially with marijuana probably
usurping cocaine as the largest market. Total US gross
domestic product (GDP) in 2010 was approximately $14
trillion, so illegal drugs accounted for less than 1% of
GDP; it was approximately 1% of total personal consump-
tion expenditure.

There is uncertainty surrounding the figures for illicit
drugs, as they are based on imperfect data, models and a
series of assumptions. For example, consider the 2010
cocaine expenditure estimate of roughly $28 billion
(Fig. 1). Incorporating just one source of uncertainty—
the share of male arrest events involving a positive test for
cocaine—generates lower and higher values, ranging
from $18 billion to $44 billion. The comparable ranges
for heroin and meth are $15-45 billion and $6-22
billion, respectively.

The figures for marijuana are complicated by changes
in potency. The estimates that marijuana spending
increased from roughly $30 billion to $40 billion between
2002 and 2010 assume that users continued to consume
the same weight of marijuana per use day even though
A-9-tetrahydrocannabinol (THC) levels were increasing.
If, instead, the amount of THC consumed per use day had
stayed constant (meaning total weight consumed
decreased), the 2010 spending figure would be closer to
$25 billion.

The analyses suggest that for each of the drugs CDUs
account for more than 90% of total spending. Indeed,
spending is driven by the minority of users who consume
on 21 or more days each month. In 2010, these daily/
near-daily users of heroin and marijuana accounted for

roughly 80% of spending; comparable figures for cocaine
and meth were closer to 50%.

Consumption

Quantity consumed should be simple to estimate from
total expenditures: simply divide by price. The trick is
dividing by the right price—to simplify, past estimates of
hard drug use divided by the price of a (pure) gram [2].
The problem is that the frequent users who account for
most of the consumption rarely amass enough money to
buy that much at once; their typical purchase sizes are
only $20 or $30 or perhaps $50 [3]. They do not enjoy
the large quantity discounts offered when buying as
much as 1 (pure) gram at a time. Thus the frequent users
who dominate consumption spend more per unit
obtained, resulting in lower consumption estimates than
had been calculated previously [2]. This effect is particu-
larly pronounced for meth.

The situation is even more complicated for marijuana:
the market spans relatively cheap ‘commercial grade’ and
higher-potency variants (e.g. sinsemilla), there may (or
may not) be price differences between black market mari-
juana and marijuana purchased at medical dispensaries,
and marijuana is purchased increasingly in non-
traditional forms (e.g. edibles, vaporizer pens, concen-
trates for ‘dabbing’).

The overall trend, however, stands out above such
complications (Table 2). US marijuana consumption
increased by perhaps 33% from 2006 to 2010, while the
amount of cocaine consumed fell sharply, by about 50%
over those same 5 years. Heroin consumption remained
fairly stable, although there is some evidence of an
increase in the later years. Meth consumption varied; it
increased sharply over the first half of the decade, and
then declined through 2008. For 2008-10 the most
defensible position concerning meth trends is simply to
admit that the data are insufficient to provide clear
guidance.

$160
$140
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$100
$80
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S0 - ‘
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B Marijuana

Figure | Annual expenditures in US drug
markets (in billions, $2010). The 2000-03
marijuana estimates and 2000-06 metham-

phetamine estimates are not perfectly com-
parable to the later years because of
changes in survey questions and methods
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40 42

39

26 41 48 61 85 58

20

Middle

Meth

843 11-49 20-70 24-77 32-95 47-127 32-88 28-83 20-63 19-66 19-71

Lower—higher

For marijuana, the lower estimate is based on the unadjusted National Survey on Drug Use and Health (NSDUH) figures and the higher estimate is that value multiplied by two. The 2000—03 marijuana estimates and 2000-06

methamphetamine estimates are not perfectly comparable to the later years because of changes in survey questions and methods. Meth

methamphetamine.
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QUESTIONS FOR DEBATE

The most interesting substantive findings of this study
have been the sudden contraction of the cocaine market
and upturn of the marijuana market.

Why did US cocaine consumption fall so
sharply—roughly 50%—from 2006 to 2010?

The US cocaine market has been remarkably large and
destructive. Until recently it accounted for perhaps two-
thirds of drug-related harm in the United States, occupy-
ing the position that heroin does in most other
Organization for Economic Co-operation and Develop-
ment countries [9].

Cocaine problems have also been stubbornly persis-
tent. Although consumption peaked in the early 1990s
and has been slowly ebbing since [6,10], the market has
seemed all but impervious to even the truly enormous
control efforts thrown at it for decades by all levels of
government [11]. Had experts been asked in 2006 to
predict its evolution over the next 5 years, most would
have anticipated a continuation of long-standing trends.
It is doubtful whether one would even have recognized
that the nation was on the cusp of an extraordinary
decline.

Thus, our finding that pure cocaine consumption in
the United States decreased by approximately 50% over a
5-year period is quite significant. The market is still
large—we estimate that there were about 2.5 million
chronic users in 2010. Nevertheless, the downturn com-
petes with the 2001 Australian heroin drought as the
greatest ‘success’ in modern recorded drug history at the
population level. Declines associated with the Australian
heroin drought were proportionately larger—closer to
80%—Dbut the US cocaine market is vastly larger in abso-
lute size. We consider several possible explanations; they
are neither exhaustive nor mutually exclusive.

Decrease in Colombian coca available for cocaine production

Upstream interventions in source countries can some-
times suppress consumption in one country for a short
period, but as there is no shortage of places with poor
farmers and without effective state control, it appears
that production usually displaces to another location (e.g.
see Paoli, Greenfield & Reuter [12]). Hence, a strong con-
sensus has emerged in the academic literature that
source country interventions have no effect on down-
stream consumption in final market countries [13].
However, it may be judicious to temper that certainty
somewhat.

It is believed that most of the cocaine consumed in the
United States originates from coca grown in Colombia
[14]. Separate analyses from the US Government and the
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United Nations Office on Drugs and Crime (UNODC) both
conclude that there were large reductions in the amount
of coca available to be converted to cocaine in Colombia
from 2006 to 2010; the former shows a 52% decline from
148 000 metric tonnes of coca leaf to 71 000, while the
latter shows a 41% decrease from 154 130 to 91 600
[14,15]. This is consistent with US intelligence estimates
that the amount of cocaine departing towards the United
States fell by 30% from 2006 to 2010 (the reduction is
closer to 50% if 2007 is the baseline [16]).

The UNODC attributes much of the reduction in
Colombian coca available to intense spraying and a large
increase in manual eradication efforts [17]. According to
the UNODC, the hectares of coca bush eradicated manu-
ally in Colombia increased from 6234 in 2004 and
31980 in 2005, to a peak of 95 634 hectares in 2008
[15]. Because it typically takes 18—24 months before coca
cultivated in Colombia ends up on US streets [18,19], this
correlates with the large drop in consumption observed
after 2007. Further, the UN notes that: ‘Since 2005,
probably due to increased counter-narcotics pressure, the
per-hectare yields of coca fields went down in many
growing regions of Colombia’ [15].

Factors other than law enforcement must also be con-
sidered. For example, some coca farmers in Colombia may
have shifted to other activities. It could also have been the
case that some traffickers in Colombia moved into other
businesses [20]. For example, Felbab-Brown notes that:
‘Actors who control gasoline smuggling in bulk and can
bring it all the way from Venezuela to Bogota can make
more money than those who smuggle cocaine to Colom-
bia’s borders while facing far less law enforcement’ [21].

Crackdown and violence in Mexico

Mexican drug trafficking organizations (DTOs) have
always perpetrated violence, but the levels skyrocketed
after President Calderon launched his aggressive war on
the DTOs in December of 2006 [22]. Hence, the crack-
down and associated horrendous violence and instability
occurred over the same period as the massive reduction in
US cocaine consumption. Perhaps instability and battles
with rival DTOs and law enforcement agencies made it
more difficult to move cocaine through Mexico and to the
United States. However, it is important to understand why
only cocaine supply may have been affected; after all,
Mexico is an important source and/or transit country of
all four drugs being studied here.

Increase in non-US demand for cocaine

In the 1980s and into the 1990s the United States domi-
nated global cocaine consumption, but use elsewhere has
been growing. What matters to US markets is not just
quantities available for export, but quantities available for
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export relative to global demand. One expects that short-
ages will affect least the markets with the highest import
prices [23], and UNODC reports that, from 2008 to 2010,
‘Cocaine from Colombia accounted for 25% of all cocaine
seizures in volume terms in Europe’, where cocaine is
generally more expensive than in the United States [15].
Also, cocaine destined for the United States has largely
passed through Mexico since the late 1990s [24].
Mexican DTOs may capture much of the export-to-
import markup on cocaine shipped from Colombia to the
United States via Mexico. Is it possible that in the face of
scarce supplies, Colombian traffickers have prioritized
other markets?

Decrease in US demand for cocaine

Table 1 documents that the number of chronic cocaine
users decreased by more than 20% from 2006 to 2010.
At this point in the epidemic heavy cocaine users are
becoming older and some are probably aging out [25];
however, it seems unlikely that such a large number
would age out over such a short period of time. We are
also unaware of research documenting that heavy
cocaine users suddenly switched to other substances (e.g.
prescription drugs).

It is more likely that users adjusted their consumption
because of price changes due to a reduction in cocaine
availability. From 2006 to 2009 the price per pure gram
for both powder cocaine and crack cocaine at the retail
level increased by approximately 40% [26].

Summary

We suspect that some supply-side factor or factors con-
tributed to the decline in US cocaine consumption, simply
because consumption is dominated by long-term high-
frequency users whose demand is stubbornly persistent,
but draw no other conclusions. Rather, our point is that
this extremely important development warrants atten-
tion from researchers (the Australian heroin drought
generated at least 10 papers in this journal alone; see e.g.
[27-29]).

Why did marijuana use—particularly daily/near-daily
use—rise sharply from 2006 to 2010?

Our analysis broke down CDUs into three groups: regular
(4-10 days in the past month), heavy (11-20 days) and
daily/near-daily users (21 or more days in the past
month). This is important, as those who use more
frequently consume more marijuana per use day
[30-32].

Increases in overall marijuana prevalence were note-
worthy between 2006 and 2010 at 18%, but daily/near-
daily users rose by more than 40%, so total consumption
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and spending were raised by more than one-third. This
suggests that merely monitoring past-month or past-year
prevalence can be misleading.

We do not know why there was such a large increase
in the number of daily/near-daily users. National atti-
tudes about marijuana softened during the decade (e.g.
opposition to legalizing marijuana use decreased from
64% in 2000 to 50% in 2010; [33]), but it is difficult to
disentangle this from the changes in use or changes in
marijuana policy.

Since 1996, more than 20 states have permitted some
form of access to marijuana for medical purposes. There
is heterogeneity in how medical marijuana is supplied
and for what conditions it can be used [34,35]. Not all
states allow retail dispensaries, and the evolution of retail
markets has varied greatly from state to state. For
example, dispensaries proliferated in California after the
passage of SB420in 2003, and in Colorado once the ‘Five
Patient Policy’ was overturned in 2007 [36,37]. Rigorous
studies find evidence suggesting that medical marijuana
laws increase adult marijuana prevalence [35,38], but
the debate continues about how these laws affect youth
consumption [35,38-41].

A related explanation is that a falling cost per hour of
marijuana intoxication increased heavy use. Anderson
et al. found that states adopting medical marijuana
laws had lower prices for high-potency varieties [38],
and potency-adjusted prices for the more common
commercial-grade material imported from Mexico also
fell [42]. In particular, we find that although the
inflation-adjusted average price paid per unit weight was
stable, the average amount of THC in seizures believed to
be from Mexico increased by almost 50% [3]. This sug-
gests that price per unit of THC could have decreased for
most of the country over the decade.

There is also a possibility that changes in attitudes and
policy led survey respondents to be more forthcoming
about their use. However, the fact that it was the number
of daily/near-daily users that increased the most suggests
that this is probably not the major contributor. It is hard
to gain insight into this, as the last study to validate the
US national survey with drug testing was conducted in
2001 [43].

CONCLUSIONS

New estimates of US drug consumption and retail expen-
ditures raise significant questions about what happened
to US drug markets in the late 2000s. Notwithstanding
efforts to exploit all available data, there remains great
uncertainty surrounding all these estimates. The impli-
cations for researchers in other countries appear quite
depressing as more data sets are available in the United
States, and often of higher quality, than those available in
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other nations. If even with these resources the estimates
are so imprecise, what can be carried out elsewhere to
give policymakers useful population-level indicators?

Substantively, the study shows that even for estab-
lished drugs, consumption can change rapidly. The
halving of the cocaine market in 5 years and the parallel
(but independent) large rise in daily/near-daily mari-
juana use are major events that were not anticipated by
the expert community, and raise important theoretical,
research, and policy issues.

The study also points to the very serious limitations of
general population surveys for tracking a nation’s drug
problems. Especially for the hard drugs, the bulk of users
responding to those surveys consume only occasionally,
and account for a negligible share of current consump-
tion. Those using four or more times per month account
for more than 90% of spending on all four drugs. Because
uncertainties concerning chronic users’ consumption
are greater than plus or minus 10%, it is not clear that
national consumption and expenditure estimates should
even be concerned with less frequent users, or at least
should not invest much effort in estimating their use.
Even in the case of marijuana, it would be much more
informative to have time—series describing changes in the
prevalence of daily and near-daily users, as well as infor-
mation about their typical consumption per use day and
weekly spending. Developing such series requires new
data collection methodologies.

There is, however, a more pressing issue to address:
the US federal government has just eliminated the ADAM
program, which is central for our estimates of cocaine,
heroin and methamphetamine consumption and expen-
ditures. In the late 1990s and early 2000s there were
roughly 35 jurisdictions participating in ADAM and
serious discussions about expanding it to 75; unfortu-
nately, the program was eliminated from 2004 to 2006
and brought back on a much smaller scale from 2007 to
2013. No funds were allocated for ADAM in 2014. As
noted by Kilmer & Caulkins, ‘Even at its peak ADAM cost
only about $10 million per year, roughly one-fifth of
what it costs to operate NSDUH—and less than one one-
hundredth of one-percent of the social cost imposed by
abuse of the drugs it tracked’ [44]. If ADAM is not
re-funded or replaced with something that allows
researchers to interview and test large numbers of fre-
quent users of hard drugs (in both urban and rural
areas), it will be extremely difficult, if not impossible, to
measure total consumption and spending on these sub-
stances. Allowing this to happen would be a step back-
wards for public health and safety. Good policy needs a
foundation in good data.
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