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WHAT AMERICA'S USERS SPEND ON [LLEGAL DRUGS, 1988-1993



EXECUTIVE SUMMARY

As panl of an ongoing project to determine how much Americans spend on illegal drugs, this
report focuses on the amount and retzil sales value of cocalne, heroin, matijuana, and other illegal drugs
Americans consumed from 1988 through 1993, We used two approaches o make lhese estimates. First,
from a demand-based approach, we investigated Lhe daollar expenditures by Americans on illicit drogs.
We estimated that:

° In 1993, Americans spent $49 billion on these drugs. $31 billion on cocaing, $7 billion
on heroin, $9 billion on marijuana, and $2 billion on other illegal drugs and legal drogs
used illicitly (Table A).!

[} Between 1988 and 1993, the expenditures on cocaine and heroin appear to have fallen.
This wend results panly from a decrease in the number of vsers, but is due mostly to a
decrease in the street prices of these two drugs.,

° Between 1988 and 1993, the amount spent on marijuana has remained constant.

° Between 1988 and 1993, expenditores on other illicit drugs fell, as did the amount spent
on legal drogs used illicitly.

A second approach to estimating the retail sales value of illicit drogs consumed in the Uniled
States is to estimate the amounts of drugs supplied to the domestic market. From this supply-based
perspective, we estimate that:

. A high-range estimate of 340 metric tons of cocaine were available for domestic
consumption in 1993 {see Table B).” Between 1988 and 1993, the amount of cocaine
available for consumption in the United States remained at a fairly constant level. But
because of declining prices, the storeet value of Lhat cocaine has fallen over time.

° The strect value of domestically available cocaine is from $33 to $46 billion (Table B).*
Between 1988 and 1993, Amerjcans spent from $33 billion to $90 billion, annually, on
COCAING.

1 Money is not the only form of payment for illicit drugs. Dealers often keep drugs for
personal use, users help dealers in exchange for drugs, and users perform sex for drugs [espacially
grack cocalne). When such “jncome in kingd" is valued at current relail prices, an additional $3
billion 10 %5 hilion must be added to the total for cocaine and an additonal %2 Lilion to 3 billion
to the tolal for hercin, in this reporl, all expendiwres are in 1384 dollar equivalents. These
expenditure  eslimales do not indudée income in kind.

2 Between 581 and 711 metic tons of cocaine hydrochlonide were avaiiable for export
during 1983, To arive at he totsl available for domeslic consumplion, we subtracied from this
amount lossas in shipment, shipments to other consumer counlries, and Federal seizures.

? Prevailing relail piices are used 10 convert drug supply 10 & dollar aquivalerl value when
sold to final users,



It shouold be noted that the range for cocaine expendilures derived from the supply model is larger
than the consumption-based expenditure estimates (Table A). There are two reagons for this. First, the
supply model docs not take inle account most losses and consumption within the producer countries ar
State and local seizures in this country. Second, the United States may transship more drugs to Europe
than our model assumes. Had we been able to account for these factors, the $33 billion to $90 billion
supply-based catimate (Table B) would have been lower. Still, the estimates based on drug consumption
are temarkably close to those based on drug supply.

Although the estimates provided in this paper are somewhat impiecise, they are sufficiently
reliable to conclude that, according to consuvmption—based estimates (Table A),* the trade in illicit
substances ranged from 349 billion to $646 billion betwaen 1988 and 1993. However, the costs o Sociely
from drug consumption far cxcecd this amouont. Drug vse fosters crime; facilitates the spread of
catastrophic health problems, such as hepatitis, endocarditis, and AIDS; and disrupts personal, familizl,
and legitimate economic relationships. The public bears much of the burden of these indirect costs
because it [inances the criminal justice response to drug—related crime, a public drug—hzatment syswicm,
amnd anti—drup prevention programs.

The importance of these estimates is not that they provide an accurate accounting of e retail sales
from fllicit drugs and from legal drugs used illegally. The estimates have an appreciable margin of crmor,
and it seems unnecessary 10 have a stady that says that the illicit drug rade is immense. Pubiic officials
already know that.

Although the estimate of retail sales is interesting, the greatest value of the exercise described in
this report is that it forces an integration of sometimes disparate data sonrces into a composite view of
drug use trends in America. For example, the Drug Abuse Waming Network (DAWN) reports 142,000
emergency roam admissions in 1988; 80,000 in 1990; and a preliminary estimate of 123,000 in 1993.°
Do these data imply that cocaine use has increased over Lhe past six years?

Perhaps it has, but other indicators sugpest otherwise. According fo the National Hougehald
Survey on Drug Abuse (NHSDA), the number of people who us¢ cocaine on a weekly basis fell from
884,000 in 1988 to 642,000 in 1993. Best estimates based on the Drug Use Forecasting (DUF) data
suggest that there were about 2.1 million hardcore cocaine users in 1988 (ancther 200,000 were
incarcerated) and about 1.9 millicn in 1993 (ancther 400,00 wers incarcerated). In comtrast to DAWN,
these estiinates soggest that the number of hardcore cocaing users has remained fairly constant over the
last six years.

Furthermore, the crop production estimmates presented n this repont strongly imply that the amount
of cocaine available for consumption has not changed much over time. Of course, this is consistent with
the observations lhat the number of hardcore users has remained fairly constant. Otherwise, we would
expect cocaine prices Lo have risen as increased demand put pressure on a constant supply. This has not
happened.

{ By compariscn, Americans spent about $43 billion on wbaceo in 1993, The Tobacto
Institute , The Tax Burden on Tebacco (Washington, D.C,; 1953).

® Subslance Abuse amd Menlal Health Services Adminiskation, Cffice of Applied Studies,
Preliminary Estimates from the Drug Abuse Waming Network: 1993 Freliminary Estimales of Drug-
Aelated Emergency Department Episodes, Advance Reporl Number 8 (Rockville, MD; October 1904).
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Indeed, cocaine prices have fallen from ronghly $290 per pure gram in 1988 to $240 per pure
gram in 1993. This decrease might be attributed to the smail decrease in the number of hardcore users
and to a large decrease in the number of occasicnal users. (According to the National Household Survey
on Drug Abuse, the number of occasional users fell from about 7.3 million in 1988 to about 4.0 million
in 1993.)

Punting these data topether provides a mosaic of drug use wends in America. It allows us to see
that data from the State Department {crop datz), the Drug Enforcement Administration (price data), the
Substance Abuse and Mental Health Administration (household survey data), and the Depariment of
Justice (arrestee drug testing data) provide a consistent picture of major drug wse wends. Of equal
importance, it forces us 10 question our interpretation of other data, such as the Drug Abuse Waming
Nerwork, enabling us m better integrate these data into the mosaic.

TABLE A

Total US. Expenditures on Ilicit Drugs, 1%88-1993
{% in billions, 1994 dollar equivalents)

1988 1989 1990 1991 1992 1993
Cocaine 541.1 542.5 538.9 535.2 333.1 330.8
Heroin 511.2 $11.5 $10. $8.2 $7.0 $7.1
Marijuana $8.9 £§9.0 59.6 59.0 510.1 £$9.0
Other Drugs §3.2 $2.8 $2.3 $2.4 52.2 $1.8
Total 564.4 5E&5.8B 561.1 554.8 552.4 548.7

Note:  Colurans may not add due w0 rounding.
Source: See Tables 1 through §




Trends in the Cocaine Supply,

TABLE B

1989-1993
{in metric tons unless otherwlse noted)

Cocaine HC available for
export from producing
countries’

Cocaine destined for the
United States

Foreign seizurcs of cocaine
destined for the United States®

Cocaine shipped to the
United States

Federal Seirurcs®

Cocaine available for
consummption in the
United Statcs

Retail value of cocaine
in the United States
{in billions of dollars)

1989 1950
708-857  705-858
$31-643  529-643

55 85
476-588  444-559

115 96
361-473  348-463
$52-68  $67-90

1991

748-941

561-705

96

465-609

128

337-481

$51-12

1992 1993
771-989  SB1-711
§78-742  436-333

R3 82
495-659  353-450
120 110
376-539  243-340
$55-79  $33-46

' Estimaies of cocaine HCI come from the computer model of cocaine production. The range is based on the ermor band
reporled by the Department of State Jor the arca under cultivation.

* Burean of Inlermalional Narcolics Matters, infernational Narcoties Controil Strategy Repord (Washington, D.C.: Depariraent
of Sute Publication, April 1994 and previous years); Royal Canadian Mounted Police (ROME), Nattongl Drug Intelligence
Fxrimate, 1994 {ang previous years) and Intemalional Narcotics Control Board, Narcotic Drugs Statistic for 1991 (and previous

years).

* Drug Enforcement Administration, Federal-wide Drug Seizure System, 1089-1993.




WHAT AMERICA'S USERS SPEND ON ILLEGAL DRUGS

In 1993, the Cffice of National Drug Control Policy {ONDCP), working with Abt Associates 1nc.,
reported that Americans spent an estimated $43 billion to $51 billion a year between 1588 and 199! Tor
illicit drups and for licit drugs used illegally. New data and a revised methodology have enabled us te
improve those estimates and to extend them through 1993,

To estimate the retail sales value of ilhicit drugs consumed in the United States, we examined both
the demand [or and the supply of drugs. The demand or conmsumption approach estimates  the number
of drug users, how much they spend on drugs, and the amount of drags they consume. The supply
approach estimates the volume of dreps available for consumption. To determine the amount of drugs
availahle in this country and the retail value of these drugs, we estimated the amount of base ¢rop raised
in producet countries, and reduced it by the amounts lost, scized, or consumed m other countries and by
the amount seized in or shipped through the Unned States to other countries. 'We then multiplied the
result by retail prices.

For a number of reasons, neither of these approaches vields precise estimates of the yearly retail
value of the illegal drug trade. First, the secretive nature of drug crop preduction and manufacturing
prevenls aceurate assessments of drug production, Second, with some exceptions, drug dealers and therr
customers transact business away from public view, Finally, drug users ofien misrepresent their drug use
when interviewed, Thus, estimates of retail cxpendimres must be based on incomplete, inaccurate, and
often inconsistent data, as well as assumptions that occasicnally tack strong justification.

Therefore, we engourage an evaluation of our lindings i three ways.  First, the readcr can
compare our estimates with those reported elsewhere. Second, the reader should alse consider whether
or not the two independent approaches used in this report {supply-based and demand-based) reach similar
conclusions about the amount American drug users spend on drugs. Finally, cur calculations can be
replicated using alternative assumptions the reader finds more plausible than the ones we used.

The report is divided imo three sections.  Section I reponts estimates derived using the
consumption approach. Section [I reports estimates for cocane derived from a supply approach. Section
I summarizes and reconciles the differences benween the nwo approaches, Technical material appears
in appendices.



L CONSUMPTION APPROACH

COCAINE AND HEROIN

Between 1988 and 1993, American users spent 331 billion 1o $41 billicn yearly on cocaine and
£7 billion to $12 billion yearly on heroin. To arrive at these estimates, we multiplied the number of users
by their average expenditures, and then converted the resulling estimates to 1994 dollar equivalents.

The number of cocaine and Aeroin users

The National Household Survey on Drug Abuse (WHSDA), the Nation's most comprehensive
survey of drug use, measures drug use amang the Amenican houschold population age 12 and older, as
well as people iiving in group quarters and the homeless.® The NHSDA misses a part of the population
that may be g key 1o determining the extent of drug use:  those who, although not homeless, ate tao
unstable io be considered as pant of a household, or who, if part of the household, are unlikely 1o answer
surveys.”

This less-stable population is, however, well represented in data collected by the Drug Use
Ferecasting (DUF) program, which questions a random sample of arrestess in 24 central cify jails and
lockups about their drug use.” DUF also asks arrestees to voluntariiy produce samples for urinalysis. This

® ITie NHSDA excludes military personnel, those incarcerated in jails and prisons, and thase who are residents of treafment
facilities. Mililary personnel, whose consumption of illici sutmtances is maonitorad theouph veinalysis, do nat bave the opportunity
o be heavy doup usets. Thase incarcerated in jails and lockups may use drugs, buc thar consumption must negessarily be limited
by restricted avalability. Sources ab the Malional Institute an Drog Abuse consider drog wse by thoss in residential treatment
facilities to be minimal.

T Evidence that a laree segment of the drug-wsing pepalation is exeludad from the MHSDA comes from a number of sources.
Accorling o the 1991 MHSDA, 4l use (5 twice s high among respendents who lived in houscholds considered unstable than
it iz among these who lived in more stable environments, indicating that the WHSDA's bias toward repotting on stahle households
is likefy to miss many heavy drug vsers. Available evidence indicates that NESDA's numbers understate heavy drug use. &,
Harrell, K. Kapsak, 1. Cisin. and PP Wirts, "The Yalidity of Self-Reporied Thog Use Data, The Accuracy of Responses on
Confidential Suelf-Admimstered Angwer Sheets,” paper prepared for the National nstiate on Dreg Abuge, Contract Momber 271 -
83-8305, December 1986

Congistent wilh these observations, the Substance Abuse Meotal Health and Services Administration repons that
virlually no berpan addicts answer the Mational Flousehold Survey on Dreg Abuse. Sulstance Abuse Mental Flealth and Services
Adminisiration, Predvminery Estimales from the (893 Morfonal Hoesehold Survey o Drng Alwse (June 1994),

Addifional evidenee alsd comes Trom imlerviews with nearly 35,000 intrvenous doog users who were contacted b
atienal Institute on Drog Abuse-sponsored researchers as parl of an AIRS outreach projuct. Abl Assoriales' tabulalions show
Mhat n estivnated 40 percant of these doup usees lived in unstable households and about 10 percent sould be considered homeless.

Figally, a comparizon of the detnégraphic characteristics of the heavy cocaing users in the NHSEDA with those of beavy
cocaing users bascd on wther sources (the Drug Use Forecasting program, the Dnge Abuse Wamning Wetwork, and 1be National
ALY Demonstration Rescarch project) shows a marked difference in populations, Incomes are preater, unemployment is [ower,
and there are fewer respendents using more than one drog in the NH3DA popolation. D, Hunt and W, Rhodes, "Characteristics
of Heawvy Coeaing Users incloding Polwdop Use, Criminal Behavior, and Health Risks,” paper prepared for Office of National
Drug Control Policy (ONDCE), December 14, 1992,

T A largs percentage of heavy drog ngers are arrested al some time o their drup-using “careers,” so the criminal justice
system provides valuable supplemental datap when counting beavy drog users. For example, in the 1993 Household Survay, about
58 pereent of the heavy coczine wsers swrveyed had Been armested and booked Al some time, 39 percent during the year prior ko
the survey. In the National AIDS Demonstration Research data, 81 percent of heavy cocains wsers had been smested at some lime
ity their lives, and one-third bad been in jail or prison during the six months prior to the interview,



helps to confirm whether the interviewees have used up to 10 types of drugs during the bwo to three days
before the inlerview. Although urinalysis is subject fo emor and feils us nothing about the frequency of
drug use, it adds credence to estimates of drug use when self-reports are unreliable.

The hardcore user is identified in the NHSDA a5 one who used cocaine at least one or two days
a week every week during the year before the survey, or one who used heroin on more than 10 days
during the month before the survey. In this analysis, hardeors users in the DUF data are defined as thase
who admitted using cocaine or heroin on more than 10 days during the month before being arrested.’

Occasional users are identilted in the NHSDA as those whose drug use was less frequent than the
hardcore drug use criteria described above. Occasional use cannot be estimated from DUF.Y

Table 1 provides estimates of the number of hardcore and occasional cocaine and heroin users
derived from the WHSDA and the DUF data. {Drug users who use other drugs will be discussed later.)
Mote that because the NHSDA was not administered in 1989, the 19589 NHSDA estimates used in this
reporl are the average of 1983 and 1990 data. To obtain 2 composite estimate, we added cstimates from

¥ Hurdcore wsers corsume illcit drugs at least on a weekly basis and exhibit behaviorl problems stemming frum their doug
use. Hanlcore users cannot be identified precisely from available deata. Using DUF data, a hardeore users is one who used illicit
draps on ten or more days per month. Behavioral problems are implied by the fact thal such users bave all been arrested at least
piee, Also, 57 pereent of such cocaine users and 77 percent of such herain users deemed themselves Lo be in need of ireatment.
These self-reports prabably wnderstate the need for treatment, becavse denial of the need for treatment 8 high among hardore
users. Thus, the vast majority of arrestees who admil 1o using cocaing or heroin on ten ar more duys during he previoos month
are hardoore users according to the definilion used here. Using NHS[A data, a hardcore user is one who used cocaine on a
weakly basis. Behaviora! problems are implied by the face that almnst sixty percent of weekly vsers in the 1993 NHSDA had
bern wrested and hooked at gome time.

™ Bacause urinalysis will detcet cocaine and heroin use within two to thres days of its consumption, it is unlikely that
utitalysis will fail to ideatify an individual whe uses cocaioe on at least 2 weckly basis.  (Most weckly users use it morc
frequently than once a week ) Howewer, an occasional wser i3 |ikely not 1a have used cocrine or hernin within two to three days
of his or her arrest, Conseguently, DUF weould frequently fail to identify oecasional users. Arpuably, the EMIT test used by DUF
understates drugs in the urine of amestees. C. Visher and K. McFadden, 4 Comparisor of CUrinalpsis Fecleologier for Drug
Testing w1 Crimingl Suestice, MCI-129292, June 1951, However, it seems reasonable that occasignal vsers are wnore likely than
“hardoore users to have an crroncous negative uring test, o we have ol adjusted 1he DUF unine test cesuits o retlect the EMIT
test's false negative rae of about 20 percent. For cvidence supponting this decision, sse T. Miscekowshi, "Immunochemical Hair
Assays, Urinalysis, Self Reported Use and the Measuremenl of Armestee Cocaine and Marijuana Exposure in 3 Large Sample,”
paper presented 2l the Annual Meetings, American Society of Criminology, Now (rleans, Movember 7-22, 1992,

IV Meathods nset to convert the DUT data into estimates of hardeore drug users throughouot 1he criminal justice system have
been described in W, Rhodes, "Synthetic Estimation Applied to the Prevalence of Drug Use,” Jourral of Dewg fesues, 23, no, 2
(19831297321 To summarize, the DUF program is nat 4 probability sample of arrestees, so a weighting scheme vas used to
derive an estimate of the percentage of aresiees who would be expected o test positive [n gach of the DUF siles. The DUF sites
overmepresent lange city lockups, =0 8 mathematical model was used to infar the percentage of arrestees who wounld have tested
positive in non-DUT sites it DUF programs had operated in these sites, There is an wiknown number of active drug users who
run more than a negligible risk of being arrested at some time between the first and Yast times they used drugs - that s, during
their drug use carcers. The DUF data provide estimates of the number who were arresled during a given year, A mathematical
miodel, laged on a truncated Poisson process, then provides estimates of the number who were at risk of being arrested during
that year, An estimate of that at-risk group, those who are "iovolved with the criminal justice system,” is reponed here. These
figurcs do nut include hardeere users who are incarcerated. A Bureau of Justive Statistics study reports "In Stare correctional
facilitics, 3.6 pereent of the tests lor cocaing, 1.3 percent for heroin, 2.0 percent {or methamphetamine, and 8.3 percent loc
marijuana foungd evidenoe of drug use. In Federal prisons, 0.4 percent of Lhe tests for cocaine, 0.4 parcent for heroin, 0.1 percent
for methamphetamine, and 1.1 percent for marijuanz were positive.” €. Hadlow, Drug Erforcement and Treatment in Prison,
FP0 (NCI-134724, Tuly 1992}, These percentages are probably high because tests are most likely 1o be conducted when gog
use is suspecked. In any case, drug use in prisens cannot account for much of the drug use that ocours in America,
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DUF to the estimates from the NHSDA, and then subtracted the overlap.” The result shows that between
19858 and 1993, there were about 2.1 million 1o 2.6 million Americans who were hardeore users of cocaina
and approximately 4.0 million to 7.2 million who were occasional users. Another 444000 to 607,000
Americans were hardcore users of heroin, and 229,000 10 539,000 were occasional users.” Although
imprecise, these estimales are consislent with reported estimates derived by others using different
methodologies and data." A separate analysis, which appears in Appendix 1, also supporls these
estimates.

2 DLF data arc used to produce cstimates of the awmber of adult heavy users who are at risk of arrest during a given year,
However, semg hardeore drog users manage o avold eominal justice involvement, perbaps Becawse thelr drog purchases are
digereel and their consumptien is private.  Also, juveniles who are hardeore users are not reflected in DUF, When deriving =
compasite [ipure, only the percentage of adults who avoided the erimvinal justice system and juveniles are counted in the hardeore
ust calegory of the NHSDA, The eemainder are assumed to have already been included in the DUF hardcore wser tally. For the
vears L93& through 1993, the percentages of NHSDA respendents who were included in our estimates of heavy users were 58
petcent, &0 percent, &2 percent, 56 percent, 63 pereent, and 42 percent respectively. These percenfage: were based on arrest
historics as eeported in the NHSDA,

The resulting cstimate of the number of hardeore users cepresented in the NHSDA, bul net in DUF i3 certainly wo
farge. Many people who were not arrested in lbe year before their imlerview were still ar 7@k of being ammested, and Bence,
pepresetied in DUY. A more conservalive cslimate would make lindle difference in the final estimates reported in Table 1,
howaver, bevause the residual number of users from the WHE12A is already small relative to the estimate from DUFE.

1? & large number of drug users use hath kerpin and cocaine. For example, 23 percent of the hardeore cocaine users in the
19%3 DUF sample ace curtent hernin ugers, and 12 percent of them use heroin daily.

% Haemill and Cooley estimated 640,000 1o 1.1 million heroin addicts in 1987, D Hamill and P\ Cooley, Mational Extimates

af flcrain Prevalence [P80-1987; Reswits from Analysiz of DAWN Emergency Roam Daota (RTT Repart, Triangle Park, H.C:
Reoscarch Triangle Institate, 1990),
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TABLE 1

Estimated Mumber of Hardcore and Qcgasignal Users of
Cocaine and Heroin, 15831933

1nga* i8gg9* 1240* 131 1892 1993

WHE0A
Cocaing

Hardoore EEB4,148 T76.785 668,323 525,000 524,785 G42,222

Decasional 7,a47, 000 6 465, 843 b5 584,686 54404713 4,330,521 4,004,117
Hergin

Hardcore 23,665 23 568 23,565 23,565 23,565 23,5965

Occasional £39 000 £04 445 455,891 368,102 280,557 2292751
DUF
Cocaine

Hardcore 2,125 847 2210273 2,051,321 1,865 858 1,813 486 1,822.573
Heroin

Hardcore 590 104 605,161 231,745 483 184 441 073 484 240
COMPOSITE
Cocaine

Hardcora 2,540 525 2624 312 2458 504 2,218,700 2,335 381 2127166

Cocasional 7347 000 6 465,843 £.584 GE6 5440 415 4 330 521 4 054 117
Herain

Hardgore 591,880 B0T.045 533,630 455 35 444 372 496,309

Occasional 538,000 504,445 450,891 JE8 102 288 557 249,251

* The HHSDA estimales of cocaine users is adjustad for 18B8 and 1990 to account for the survey's limited coverage
during those years. The adiustment adds an estimate of hardeore drug users who live in college dormitories te the
estimaite of hardoore users derived from the NH3DA, Students living in college dormitaries are represented @ Lhe 1999
and later MHSDA. The NHSDA was not administered in 1989, Estirmates for 1930 are the averages far 1583 and 1980,

Sources: MHSDA 1988, 1880 through 1993; DUF 1488 through 1993 Uniform Crime Reports (UCR) 1968 through
1983, :

Average amownt spent on cocaile and heroin
The 1989 and later DUF interviews asked respondents how much they spent on drupgs during a

week. The question did not separate cocaine from ‘heroin spending or exciude other drugs, so we must
distinguish berween how much was spent on cocaine and how much was spent on herein. Alse, some

12



respondents pave answers that were implausibly large,” so based on the methodology explained in
Appendix 2, we adjusted estimates to moderate the effect of extreme values.

Hardcore cocaine users spent more than $220 a week on cocaine and hardcore heroin users spent
just over $250 a week on heroin in 1993 (Table 2).'"* These DUF estimates lack precision, but they are
ressonable considering other data about expenditures on illicit drugs (ses Appendix 2),

Several studies provided estimates consistent with ours.”” A few others, however, reported drug
expenditures that were much higher.”® Many of these latter studies, however, were derived from samples
of people who had just enlered treatment, Becaese peopie oflen enter trealiment when their habits have
become toa expensive, these individuals may be at the peak of their drug use, which is higher than that
of most hardcore users.

' Faor example, there arc physiological limits to drug consumnption. Civen the duration of a single administration of heroin,
it i3 prmecessary to shoot herin more often than four lmes a day, every diy,  Given MNew York State Division of Subsiance
Abuse Services approximations of typical drep ese, it seems wnlikely that o heavy user woutd spend any more than 5420 per
week, and even this woull be an extremely high level of consumplion {Mew York State Division of Subsiance Abose Services,
Memorandum, nal).

Cocaine use tripgers the desire for more of the dreg. Binge use exhawsts the body, so rest is necessary before another mnge.
Also, heavy cocatne use can guickly exhaust a user's financial resources. Except for the rare cocuine user, expenditures greater
thun those assumed here arg unlikely,

Y These estimates are median values; mean valwes are aboul bwice a5 large, However the median expendilure seemed more
Justifiable given other studies of drug expenditure patterns, See Appendix 2,

" Johnson and Wish surveyed propeny coiminals in 1983 and estimated thetr weekly expendilures oo cocaing 1o be $203
and expenditures on keroan o be 5203, Reuter, ¢4 al. infervicwed 4 sample charged with selling drugs in Washington, .G from
1985 to 1987, They cstimated median weekly expendiluces on illicit drogs at 31000 Vewever, Reouter's sample incloded vsers
who did not vse drugs heavily, so his estimate is expected to be lower than oers. Iolmson and colleagves surveyed about 200
herain users wha lived on the sieeets of Harlem and who had engaged in property or drog erimes. They estimatesd the dellar value
of deups used per week at 3250, Mieczkowski appended aueries to the DU guestionnaire administered in Detroil and determined
a medlian weekly expenditure on crack of 38300 B. falmson and I, Wigh, "The Robbery-Hard Drug Conneclion: Lo Robbers
and Robberies Influence Crimingl Retums and Cocaine-Heroin Purchases?, paper presented at the Criminglopy Section of fha
American Socinlogical Association, August 17, 1987, P. Reuter et al., Maoney from Crime A Study of the Foonomics af Drng
Drealing dn Mashingron, 0.0, (Santa Menica, Califomia: RANL Cortparation, 1550), RAND publication R-38M-RF; B. Johnson
et al., Teking Cave of Business: The Ecoromics of Crime by Hergin Abusers (Lexinglon, Massachuszetis: Lexington Qooks, 19485},
T. Migczbkowski, "Crack Distribution in Detron," Contemporary Drng Froblems, (Spring 19907 9.

B ANl of 1he highest estimates come from estimations of former use by patients in drug treatment; this gronp may 1epresent
the leavigst wsers in the coonmiry.  Using a sample drawn from Defeoit drug tresiment programs from 19857 through 1989,
Wiiecakowski estimated prior weekly expenditures on crack at a median of $600, Schnaoll and colleagnes reported s weckly
expenditure of 2300 per week on cocuns in g Chicago treatment population, Gawin and Kleber described a Beve Haven reatment
population whose weekly expenditures on cocaine would have been between $500 and 3900, applying Abt Associates' cstimatas
fer the price of cocaine to reported consumption patterns.  Collins, Hubbard and Rachal estimated that heavy heroin wsets spent
F4,000 1o $10,000 per year, and heavy cocaine wsers spent 56,000 to 514,00 per vear. Al had entered treatinent in £979. T.
Mieczkowski, "The Economic Dimessions of Crack Use and Dstribation: Some Preliminary Data," paper presented to the
Araenican Secicty of Criminobagy Annual Meeting, Reno, Mevada, ®Nevember 1989 5. Schnall €1 al., "Characteristics of Cocaine
Abusers Preseoting for Treatment,” in Cocaine Lise in Americar Epidewiotogical aad Chemical Perspectiver, od. M. Kozel and
E. Adams (Fockville, Maryland: Mational Institote on Drug Abuse, 1985}, NiDA Rescarch Monograph 61, T71-18]; F. Gawin
and L Kleber, "Cocaine (Jse in a Treatment Population:  Patterns and Diapnostic Listinctions," in Cocaine Use in dmeerica:
Epidennolegical and Chemical Ferspectives, ed. N, Kozel and E. Adams, [Rockville, MD: National Institute on Drug Abuse,
1985}, WIDA RBeseaech Monogeaph 61, 182-192. ), Colling, B. Hubbard, and J. Rachal, “Expensive Dy Dse and THegal Inceme: -
& Test of Explanatory Hyputheses," Criminofomy 23, no, 4 {1985) 743-763.
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Of course, oecasional vsers spend ess per week than do hardcore users. Based on NHSDA data,
occasional cocaine users spent 19 in 1988, $23 in 1989, 327 in 1590, $30 in 1991, $34 in 1992, and $35
in 1993, No such estimates zre available from the WHSDA for occasional heroin users. TFor them, we
assumed a weekly expenditore that was ong-fifth of the amount spent by hardcore users, or 350 tw $63
per week,

TABLE 2

Weekly Median Cocaine and Herain Expanditures
Reported by Arrestees, 158%-1993
{doliars, 1994 dollar equivalents)

Ja8g 15950 8% ige2 1552
Cocaine
Hardoore use 5276 265 F251 5251 F221
Herain
Hardeare use 5312 531G 291 206 5251

Source: OUF 1989 through 1993,

Total expenditures on cocaine and heroin

Berween 1988 and 1993, American users spent $31 billion 1o 341 billion yeariy on cocaine and
%7 billion to $12 biflion vearly on hervin {Table 3). We derived these estimates by multiplying the
iumber of hardeere and occasional users in Table 1 by the expenditores in Table 2 (after eliminating the
overlap) and adding results.”

1% See foatnote 12,
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TABLE 3

Tealal Expenditures on Cocaine and Heroin, 1988-1393

(% in billlens, 1934 dollar eqguivalents)

Tggar 1862 1390 1991 1992 1282
Cocaing Expendituras
Hardcore users $23.8 5347 $31.1 26T £255 233
Ceocasional users £7.3 577 578 fas §75 &7.5
Tatal users F41.1 542 8 $38.9 $35.2 $33.1 3308
Heraln Expenditures
Hardeare users 595 399 3.8 £7.1 FE2 $5.5
Dccasional users $1.7 $1.6 F1.5 1.1 508 0.6
Total users £11.2 1158 103 $4.2 870 T |

" Since weekly expenditures from DUF data were not available for 1368, we used the 18988 amounts as proxies for 1258
in caloulating total expenditures.

Source; See Tables 1 and 2.

How the estimates ave affected by varying the assumptiony

The estimates of expenditures may vary due to assumptions made about the number of hardeorg
and occasional users and about their average expenditures.”™ Because hardeore users account for the bulk
of drug spending,™ our estimates of total expenditures are especially sensitive to the accuracy of estimates
about expenditures by hardcore users. Consequently, we tested how sensitive our expenditure gstimates
are to assumptions made about the number of hardcore users and their typical expenditures.

Tirst, we determined how the expenditure estimates would be affected if we used lower ar higher
estimates of the number of users than we reporied in Table 1. Based on a review of published literature
and on additional tests on the data, we estimated that there are between 1.5 millign and 2.3 millign
hardcore users of cocaing and between 400,000 and 800,000 hardeore users of heroin in America®
Because the retail sales estimates are roughly proportional to the number of hardeore users, if the estimate

* Because the factors it entered 1he caleulations were not derived from probability samplas, it is impractical 1o develop
o statistically based mwrein of emor

2l Heavy cocaine uscrs represent less than vre-foudh of the total number of cocaing wsers, but they account Tor 79 percent
o all vocaine expenditures,  Apparenify Decanse of hernin's stipina, casval wse af henpin g less frequent than ecasual use of

cocaing.  Consequenily, beavy users account for the bulk of that market--87 perceant of adl heroin expenditures,

* That is, the true pumber of heavy cocaine and heroin users would seem to fall within these ranges. See W. Rhodes,
"Eynthelic Estimation Applicd to the Prevalence of Drug Use," Jewrnal of Drug fereer, 23, no, 2 {19937:297-321.
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of hardcore users is off by plus or minus 25 percent, then (he refail sales estimates would be ofT by the
same proportion.”

Second, we determined how the expenditure estimates would be affected 1f we varied our
assumption about average cxpenditures. As noted earlier, some studies are based on repons of expendi-
tures by cocaine users entering treatment. If these expenditures were considered typical, the retail sales
value of cocaine would be four times the amount reported here. This seems an implausibly large
expehditure that would exceed not only available income for most users, but the value of the supply of
the drugs as well.® (For a further discussion of this tupic, see Appendix 2.)

Although an averape expenditure [tpure based on & treatment population is cenainly too high, it
might be realistic to adopt the average (rather than the median) drug spending numbers reported by DUF
as 2 high estimate. Then, the composite totals on both cocaine and heroin use would be twice as high as
reporled in Table 3. For the reasons we cited above, it is doubtfia] that expenditures in the United States
approach this high estimate.

At the opposite extreme, hardcare users who report their use in the NHSIDA appear to consume
less than half as much cocaine as hardeore users represented in the DUF data, Their expendinires might
be considered a low estimate of ypical cocaing spending by hardeors users. Giving more weight to the
NHSDA expenditure fgures would reduce the amount reported in Table 3 by half. However, it is difficult
to reconcile estimates that are half as larpe with the amount of herein and cocaine that enters the country.

Iy sum, it seems plausible that cocaine and hervin expenditures could be twice as large or half as
large as our estimates. DBut, for the reasons noted above, high- and low-end estimales should be
Jdiscounted. In addition, other analysts have made clever use of available data 10 derive their own

T Some might argue that the margin of crror showld be even greater because the estimate of spending by heavy drog esers
is not precise and because some studics repoct much higher spending levels than these reparted here.

™ Twy factors make the assumption of higher spending questionable, First, incomes of mest drug users canmat support a
hipher leve] of dnig use. Second, heavy drug wsers have a high level of anemployment and anderemployment, T Hunt and W,
Rhodes, "Charmeteristics of Heaswy Cocaing Users, Including Polydrug Use, Criminal Activity and Healih Risks," paper preparcd
for £NTHCP, Drecember 14, 19920 Ag discussed in the appendix, illegal income from property crimes and prostilution accounts
far much of the expenditure on drup use. However, iflegal income cannot account for higher expenditures than are reported in
this study. Drug dealing is often advanced as a way W suppart hardeere drug use, but in total, street-level dealing cannet generate
the dollars that ultimately must go to satisfy the cash demands of middle-level and upper-lavel dealers. [T expenditures are much
greater than reparted here, the income source for supperting 1hat level of consimption 15 suspect.
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estimates of retail expendilures on cocaine and heroin. Alter adjusting for the limitations of these other
studies, our estimales are consisient with theirs.™

Accounmting for ncome in kind

Onar ¢xpenditure cstimates reflect money that actually changed hands at the retail level. Buordrugs
are ofien obtained as "income in Kind," sometimes as payment for serving a role in the distribution chain
and someumes as payment for sex. For reazong explained in Appendix 2, we assume that hardeore users
of heroin reccived 22 percent of their drugs as in-kind payment and that users of cocaine received half
that amount.

If we add in-kind payments to street prices, then the dollar expenditure on cocaine would increase
by boetweenr 33 billion and $5 billion, and the dollar expenditure on heroin would increased by between
$2 billion and $3 billion. These totals are not reflected in Table 3, but we do take them into account later
when we estimale the bulk amounts of cocaine and heroin used in America.

How much cocaime and heroin is consunied?
To estithate how much cocaine and heroin Americans consume, we used data from the System
to Retricve Drug Evidence (STRIDE) to estimate the street prices paid for cocaine and heroin.™ The price

varics with the size of the purchase lot. Cocaine is much less expensive when bought as a large Lol than
when purchased as a smaller lot. This is also true of heroin.

# Reuter and Klziman estimated that the market for cocaite was aboot $% billion in 1982, Because of the accelerating use
of cocaine tom that time unlil the mid-1%30s and afler accounting Tor inflation, it is not surprising that their estimate ts jess than
the figure reported here. Their $8 billian estimate for heroin expenditures is more dilficult to reconcile with what is reported here
for vwo reasons.  ivst, the number of beroin wsers bas not fallen much over the last decade, Seeond, the poce of herein has
dropped dramatically. We would expect their estimates 1o be greater than those reported here, bat thal is oot the case, P Reuter
and M. Klciman, "Risks and Prices; Anr Coconomic Analysis of Drug Eaforcement,” in Crime and Justice: An Arnwal Review
af Research, volume 7, ed. 3. Tonry and N. Morris (Chicago: University of Chicago Press, 1986), 194, Carlsen, who conducted
a study of the undergraund economy for the Iniermal Revenue Service, reported that an estimated 511 billion was spant ¢n cocaine
it 1982, K. Carlson et al, "Unreported Taxable Income for Sclected Degal Activities: Volume |1 Consensual Crines." paper
preparcd For the Intermal Revenus Service under centract number TIR-81.57, Scptember 1934, In an update of his study. Caclson
cstimated thal cocaine expenditures increased from 83,8 to $5.6 billion between 1988 and 19%1. K. Cadsen, "Unreported Tllegal
Source Income 1983-1993," paper prepared for the Internal Revenue Service under arder number 89-115363, May 13, 1990, Since
he relicd heavily on the HHSDA, and because his estlimates arg not adjusied for inflation, it is not surprising that his estimate is
mach lower than the one reported here.  Carlson's estimate of heroin expenditores, based un the Mational Narcolics luleliigence
Consumers Commities estimates for 1982, was in keeping with Beuter and Kigiman's $2 billion figure. His updated stady, based
on WHSDA data, put that fipere g reughly 37 hillion a year between 1988 and 1991, Thus, bis estimates are censistent with
those reported here.

* These data come from laboratory analyses of purchuses by Drug Enforcement Administration apents, other Federal agents,
and some State and local agenls.
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TABLE 4

Retail Prices Per Pure Gram for Cocaing and Heroin,
18558-19393
{dolkars, 1994 dellar equivalents)

1958 1889 1990 g 1582 1933
Cocaine
High Price 3186 2185 $200 5168 $163 151
Low Price F146 5123 5187 $132 130 120
Hergin
High Prica 53,007 22713 2,159 525413 2,614 $2,553
Law Price #1512 £1.343 907 51,046 E366 £837

Source: BTRIDE 15831 through 1823

Unfortunalely, there are no good estimates of the amount of cocaine and heroin typically
transacted at the retail level, but it appears that transaction sizes ofien exceed single doses. Given this
uncerainty, we assume two price serics each for cocaine and heroin. Appendix 3 justifies these choices,

Results based on statistical analysis used to estimate these prices between 1983 and 1993 are
reporied in Table 4. The price of ¢ocaine fell throughout the early 19805 and reached 2 low point in late
1988 or in carly 1989. It incressed during 1990, and then declined again in 1991 and into 1993, The
price of heroin also fell throughout most of the 19805, reached a low point sometime late in that decade,
and since then, has remained relatively constant {with minor Muctuations) {Table 47

Tahle 5 shows estimates of the amount of cocaine and heroin that was consumed based on the
expenditures reported in Table 3 {adjusted 10 account for drugs eamed as income in kind)™" and the retail
prices reporied in Table 4. According to the data for the 1988 to 1993 period, cocaine users consumed
somewhere between 215 and 332 metric wons of pure cocaine each year. Heroin users consumed between
4 and 13 metric tons of pure heroin each year during the same period.

T In.kind expenditures (in billions) for cocaine were estimated at $4.5 in 1988, 54.6 (n 1985, S4.1 in 1994, $3.6 in [99],
$3.4 in 1992, and $3.2 in 1903 Far heroin, in-kind expenditures were estimated st $3.3 in 1988, $3.5 in 1985, 53.1 in 1994,
%25 1991, $2.2 i 1992, and $2.2 in 1993
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TABLE &

Total Amount of Cocaing and Hergin Used, 1988-1993
{in metric tons)

1388 1888 1880 1881 1892 1893
Cocaine
High Price 244 286 215 230 224 224
Lowe Frice 311 82 230 283 280 283
Haroin
High Price 5 5 51 4 3 4
Low Price B 11T 13 10 H 11

Source: See Tables 1 through 4.

Because the retail prices in Table 4 are not totally acourate, trends are vncertain, However, it
appears that the amount ©f money spent per user on cocaine and heroin has Muctuated very little over the
last six vears. The bulk amount of cocaine vsed decreased in 1990, apparently in response to a significant
price increase that year. Consumption increased therealter.

The amount of heroin used scems to have decreased over time, but it is hard 1o be sure because
of the wide ranges imvolved in these cstimates, As already noted, there seem 1o be fewer hercin addicts
in 1993 than there were in 1988, The HIV wvirus and AIDS have taken a wll*® Yet, prices have fallen
s0 much that remaining uscrs may be able to purchase much more than they did in the past.

MARIJUANA

In this section, we cstimate the dollar value of marijuana consumption by multiplving the
following fagtors; number of users in the past month, by the average number of joints used in the past
month, by the average weight per joint, by the cost per ounce. Calculations are summarized in Table 6.

* as of June 1994, 105,335 cases of AIDS (7424) ware altributed to injection drug use or to injection drug usc plus some
other mode of exposere. Centars for Disease Control and Prevention, HIVAAIDS Surveillance Repeort, &, no. 1 (1994): 14,
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TABLE &

Calculaticn of Total Marijuana Consumption, 1988-1993

1248 1988 i8gp 1931 1842 1233
Mumbers of Usars 116 10.8 0.2 a.7 8.0 9.0
{millions)
Joints used 6.9 17.3 176 16.6 17.2 17.8
per manth
Weight of a joint 0134 0.0135 0.0137 0.0135 0.0134 0.0136
(ounces)
Price per aunce, $281.2 2914 £323.4 53431 F4B05 3417
1/3 ounce purchase
Total expenditure 8.9 9.0 s9.8 $9.0 §101 i3.0
(% in billiohs,
1994 dollar

equivalents)

Sources: MHSDA 1808, 1900 through 1993, STRIGE 1981 through 1593

Number of mavijuana wsers

Mure Americans use marijuana than either cocaine or heroin. During 1993, for example, about
8 million Americans used marijuana or hashish at least once in the month before the survey. This number
has decreased 23 percent since 1988, when it was almost 12 million.

Average number of juinis used each month

We caiculated an individual's total number of joints used cach month by multiplying the pumber
of days of matijuana use in the past month by the number of joints used per occasion. For those without
valid answers for these questions, we imputed the 1otal monthly use (see Appendix 4). The average
number of marijuana joints used in the past month has remained about the same (16.9 to 17.8 joints).

Average amownt of marifuana used

The average amount of marijuana used in the past month was calculated from several questions
in the survey (see Appendix 4). This number has changed little over time — about 0.014 ounces per joint,

However, the average number and weight of joints used by those who smoke marijuana cannot

tell the entire story about (rends in marijuana use, becavse marijuana's THC centent has changed over
time. Delta-9 tetrahydrocannabinel {THC) is marijuana’s primary psycheactive chemical. According to
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a study conducted at the University of Mississippi® the average 1HC content of sinsemilla was at & peak
in 199¢ and 1931, That average fell from I10.5 percent in 1991 to B.6 percent in 1992, and 1o 6.0 percent
in 1993, The THC content of commercial-grade marijuana remained fairly constant at less that 4.0 percent
from 1985 to 1992, but jumped to about 5.4 percent in 1993, Because we do not know the mix of
sinsemilla and commercial-prade marjuana used by the typical user, we cannot know, for ceflain, whether
users are smoking more or less matijuana as measured by THC content.

Price

Price is the final factor in caleulating the total vahie of marijuana consumplion. (See Appendix
4.) Marijuana prices increased throughout most of this period, but fell in 1993 These prices are for a
one-third ounce purchase.

Total consumplion egtimates

The factors required to calculate total marijuana conspmption are shown in Table 6. In 1993,
average users consumed 17.8 joints a month. The average amount of marijuana used per jeint equaled
0.0136 cunces. At a retail price of $342 an cunce, these users spent an average of $83 cach month (998
a year) on marijuana. This number, multiplied by the 5.0 million monthly users, vields a consumption
estimate of $9.0 billion. These estimates of total spending are in line with estimates by others,”

* National Narcotics Intelligence Constimers Commites, Fhe WNICO Report 7933 The Supely of licit Devgs to the United
Seates, (Washington, DN, August 19947 a6l

* This eecent decrease in marijuamy prices iz afsp described in the Mational Institnte on Drug Abnse's Community
Epidemiclogical Working Geoupr (CEW) bi-annual reports on doog abuse trends across the courtry, Community Fpidemiolopy
Work Group, Fpidemiclogic Trends i Drug Abeese, (Rockyille, MY Nationad 1estitute on Deog Abase, June 19945,

# Using several selfl-repent surveys, BOTEC Analysis Corporation, in an ONDCP report, cstimated that marijuana costs 3222
an cunce and that an ounce could be divided into 60 points, yiclding a unit price of £3.70 per joint. Based on these assumptions,
BOTEL estimated that Ameticans spent $13.1 billion oo 1,599 kons of marijuana in 1992, BOTECs estimate is greater than the
cstirgate presented in this repert. The difference can he aueounted foc by three factors; methodolegicsl dilferences in estimaling
the numtber of vsers @ NHSDA, BOTECS inelasion of criminally aclive wier estiomates; and BOTEC's higher price estlimates,
AL, Chalsma and D). Boyumn, "Marijuana Siluation Assesstoent,” (W asbingwon, T0C Ofce of Hatonal Drog Control Policy,
Scptember 1994},
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Nevenheless, these estimates are probably low. Users are likely to underrepart socially
disapproved behaviors even when those behaviors are legal”® They would seem to have even more
incentive to underreporl illegal behaviors.”® Some readers might find it reasonable to inflate these
estimates for marijuana consumption by about one-third ™

OTHER DRUGS

Most of the money spent on iMigit dregs in America is spent on cocaine, heroin, and marijuana.
However, the expenditures on other illicit substances {inhalants and hallucinogens) and on licit substances
consumed illegally (stimulants, sedatives, tranquilizers, and analgesics) is not small. Much of this drug
use appears to be reported to the NHSDA* ‘We do note, however, that the NHSDA undonbiedly misses
some users, and those who are reached probably have an incentive to misrepresent their consumption.

Table 7 shows the number of respondents who, according to the NHSDA, used these other dregs
between 1988 and 1993, Those respondents who admitted vse during the year were asked how frequently
they used the drug® We then used these data 1o compute an average number of days a year that the
respondents used a drug.” Since the survey does not have information about the number of doses taken
on days that the drug was used, we assumed that each day of use resulted in a single dese. This is most
certainly an underestimate,

¥ Researchers disagres ahoot trends in reporting practices, but they agree that self-reported tobaceo use is only about three-
quarters as large &5 repons based on forcign imports and tobacee sales resulting in stale and federal excise tuxes, K L. Warner,
"Pogsible Increases in the Underreporting of Cigaretie Consumplion,” Jfowenal of the Amerfcan Statistical Association, 71
£19781:314-31 7. E.I Hatziadrew, J.P. Pierce, M.C. Fiore, el al.. “The Reliubility of Self-Reported Cigarette Consumption in the
United States," American Jutirnal of Public Heafeh, 79, (19897 1020-1023,

¥ jn 1993, abowt 74 percent of amestees who tested positive for marijuana use at the time of booking reported some
marijuana use during the month before the survey.

** The rwo previous nokes indicate that respondents will report abuut three-quarters of the marfiuana that they use. An carlivr
estimation methodology added catbmates based on arrestee wring testing (¢ estimates based on the MUSDA and subtraeled the
overlap. Mowever, cvidence indicates that this overlap s sabsiantial, because most arrestees who test positive for marijuany (we
estimate this a5 about 2.0 million} also appear in the KESDA (we estimate this us 1.3 1o 1.9 million based on self-reports of being
artested), The overtap would be cven greater iF WHSDA respondents undemeport past arrests.  Henee, we abandoned the carlicr
methodology, which appeared in W. Rhodes and D. MeDonald, “What Americen’s Uscrs Spend on llegal Drugs,” (Technical
paper for the Office of Mational Drug Canteol Policy, {June 1991}

¥ we noted previously that heavy cocaine users and heavy hervin vsers {requently appear in the 13UT data, but infrequently
appear in the WHSDA data. The reverse pecors for other illicit substances, With fow exceptions, which are specific to cities,
ather illicit substances have relatively bow prévalehre among amestees,

¥ Their answers, which were in ranges of days per year, were converied to a fixed number. For instence, the mnge three
to five days became four 4ays.

¥ Estimates of freguency of use froim the 1981 NHSDA were applied to earlier years.
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It is difficuit to determine prices per dose. Both the Drug Enforcement Adminisirationss (DEA)
[ltegal Drug Price/Purity Reporl and the National Institute on Drug Abuse’s Community Epidemiological
Working Group (CEWG) provided wide ranges.™ For current purpuses, we assumed that each dose costs
$3, a price that was consisient wilth those reported by the DEA and the CEWG. These street prices may
be too high, however, because many of the legal drugs were likely to have been purchased at prescription
prices and diverted to illegal use,

To cstimate the yearly expenditures on these drugs, we multiplied threc factors: the number of
uscrs, by 1he average number of doses per year, by the price per duse. Our best estimate is that
Americans spent between $2 billion and $3 billion on other drugs during each of the last six years {Table
7).

TABLE 7

Other Drugs: Total Yearly Users (fhousands) and
Expenditures {§ in bilions, 1994 dollar equivalents), 1958-1993

Oy Uised 1588 1284 1390 1997 1993 1322
Mumber of Users

Inhalants 283 2,508 2,385 2,565 2,006 2,092
Hatlucinogens 3088 2678 2268 2470 2,440 2.3
Stimulants 4 953 4 131 3108 2,684 1,281 2377
Sedatives 3,096 2 865 2,233 2130 1,806 1582
Tranguilizers 4403 347 2,538 3,358 3,048 2543
Analgesics 5,308 5,154 4,999 5,076 4,884 4 571
Expenditures 3.2 £2.8 £2.3 £2.4 2.2 $1.8

Source; NHSDA 1888, 1990 through 1982

These estinates are imprecise for the reasons noted above. Howewer, even if we halve or double
the estimates to refiect uncertainty, drugs other than cocaine, hercin, and marijuana must be a relatively
smaf!l parl of the tofal expenditure that Americans make on illicit substances and on legal subslances
consumed illegally.

*# Irug Enforcement Administration, Mlegal Drug PricedPurity Repurt United States: Januory 1900 —December 1993, April
1994, Community Fpidemiology Work Groun, Epicemiologie Frends in Drug Abuse, (Rockyille, MU Nationa! Instiaase on Drog
Ahuge, June 19543,
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CONCLUSION

According to the consumption-based procedurs, Antericans spent almost 349 billion on heromn,
cocame, marijuana, and other {llegal drugs in 1993: £31 billion on cocaing, $7 billion on heroin, $9
billion on marijuana, and $2 billion on other illegal drugs {Table 8). During the period from 1938 to
1993, the number of people who used marijuana fell, but total expenditure on marijeana remained almost
conslant, because prices increased until 1993, when they hegan to decline. Cocaine expenditres fell for
several measons: there were fewer occasional users, an increasing number of hardcore users were in jail
or prison, and cocaing prices fell. Expenditures on heroin also fell. The AIDS epidemic is one likely
cxplanation, but we also note that the price of heroin declined as its purity increased. Expenditurgs on

other illicit drugs appeared to

fall over time.

{nn this sectlion of the reporl we examined the use of drugs, that is, the demand for illicit drugs and
for licit drugs used illegally. In the next section, we examine the availability of illegal drugs in the

domestic market.

TABLE &

Tolal Expenditure on lilicit Drugs, 1988-1993
(% in hillions, 1924 dollar equivalenta)

1988
Cocaine s41.1
Heroin 3112
Marijuana 8.9
Othar Drugs 3.2
Total $64.4

1343

425
#11.5

B0
TR

565.7

1290

$38.0
510.3

e
323

611

Kl

$33.1

$7.0
$10.1
S22

§52.4

1993

$30.8
571
9.0
_51.8

$d48.7

Mate:  Columns may not add due to rounding errar.

Soures! Tables 1 through 7.




Il. THE SUPPLY APPROACH

A second approach to estimating the amouni that Americans spend on illicit drugs is to estimate
the wvalue of shipments supplied to domestic markets. This section discusses the information and
assumptions we used to estimale the supply of cocaine to the United States. For reasons discussed helow,
it is not practical to develop estimates for heroin, marijuana, and other illegal drugs.

COCAINE

This section focuses on the production and distribution of cocaine. Although the production and
disiribution data we use are the best available, we doubt then they totally reflect the real processes by
which coca leaves are converled indo cocamne and distiributed. Furher, both the cocaine production and
distribution processes are subject (o numercus losses such as spoilage, seizures,” and consumption® in
countries other than America. Rather than making highly speculative estimates of the amount of losses,
we only estimate [osses resulting from federal seizures, which are reponed reliably, and source country
seizures, which are mare speeulattve® As a result, our estimates of the amoum of cocaine supplied to
domestic markets are considerably higher than if we took inte account the losses noted above.

Cocaine production

The production and distribution of cocaine starts in South America, principally in the Andean
nations, with the cultivation of coca plants by farmers, and ends with retail-level drug dealers in the United
States.  Fipure | depicts the production and distribution flow. Coca leaves are harvested and then
chemically treated to produce coca paste. The paste is treated further to create "base.” Another chemical
process turns the base into cocaine hydrochloride (HCI), or pure cocaine. The cocaine is then
shipped directly to consumer countries or is transshipped through other countries.™

* Information about seizuces is of questionable reliability. Besides providing an incentive for holh over- and nndercaunting
at various junctures, mislabeling of scizures can resull i errors of caleutation. Some estimates are gquite speculative.

** Data are inadequate e derive eslimates of drug wse practices in Central and South American nations, hul Emired data
indicate that consurption must be significant. For example, the Mesican govemment sampled 15,000 hugsehehds in orban arcas,
interviewing individuals wha were 12 to 65 years old. Roughly 0.5 percent of males (12-34 vears ald) in the northern part of
1he country used heroin i the year before the survey; cocaine was used by 3.4 percent in the norlkwest, 1.0 percent in the
northenst, apd 5.2 percent i the central porth. M. Medina-Mova, "Deug Abose in Morthern Mexice: Results from g ™Mational
Houschold Survey,” in Epidesiclagic Trerds fn Ding Abuse, Proceedings Sune [990 (MIDA, 1990, Although estimades ang
cluesive, intenal consumption of coca leaves and Ws Jderivative is high in producing countrics, Tor example, an estimated 1 million
Peruvians acrass 21 cities chewed coca leaf, 200,000 smoked coca paste, and over 100,600 inhaled cocaine hydrochleride. F
Feri, "Some Begent Facts about 1rug Abeze in Pena,” in Eprdemialogiz Trends tn Drag Ablse, Proceedings June 1990 {NIDA,
19981, Indeed, until recently, Bolivian 2ad Peravian law permitted limited domestic production of eoca for dompestic eonsumption
- 12,008 kilograms o Bolivian and 14,000 Kilograms i Paew, accordiog 4o 1. Inciardi, Tae Bar an Depps 0 (W ay Geld Poblishing:
California, 1992). 1o addition to consumplion within prodocer coundries, spoilage and in-kind payments tor shipping st be a
major loss to the cocaine indusiry,

M Lasses include shipments Ihat were lefl {9 a trufhicker, but never picked up, L0sses also ocour when a teafiicker abandons
his cargo at sca when he is puesus] by authorities,

2 Yar a detailed discussivn of cocaine processing, see Drog Enforcement Agency, OfMice of Intelligence, Coca Cultfvation
arnd Processiag: An Ceerview (Washington, DLC LS, Depanment of Mustice, Fubruary 1991} The cocaine produsiion process
varies from one precessor o another and there is a now method being wsed 1o process cocadne in seme regions. This process,
called agia recw, con be wsed to skip ooe af the intermediary steps. Uhe process is used for a vanety of reascng, but is not known
e inerease the cocaine yield from the coca leal
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FIGURE 1

COCAINE PRODUCTION AND DISTRIBUTION FROCESS
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FIGURE 1 - CONTINUED

COCAINE FRODUCTION AND DISTRIBUTION PROCESS
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We developed a computer model for each of the stages in this process (Figure 2) from cultivation
through transportation of the product to consemer markets.® The letter next to each box in Figure 2
corresponds to the letters in Figure 1.

Coea cultivation {Box A). Estimarcs of the amount of land vader cultivation in the major coca
producing countties {Peru, Bolivia, Colombia and Eeuador™) are published annually by the Depariment
of State in the Internativnal Narcotics Comtrof Strategy Report (INCSR)Y.Y According to the JNCSR, about
186,959-210,326 hectarcs™ were under cultivation for coca ieal during 1993, If we take the midpoints
of thesc ranges, this is less than the amount reported in 1992 (204,788-230,931 hectares) and 1991
(195,755-229 800 hecrarcs). .

Eradication efforls by the governiments in producer countries, sometimes with the assistance of
the United States, reduce harvestable coca leaves. in 1993, 3,193 hectares { 1.6 percent of the total arca
reporied under cultivation} were eradicated,” leaving about 183,766-207,633 hectares under cultivation.

Coeca plant yiclds {Box B). The State Depariment calculates coca leal yields using the
assumption that bushes can be harvested three or [our times a vear. We use these assumptions in our
model. ™ In 1993, there was a dramatic decline in the harvest of

¥ The computer muode! is an adaptation of a preliminacy version of = cocame supply model developed by RAND
Corporstion. Chr mode] wigs varions kinds of information,  These ipclude estimates of (1} land aren ender cutlivation in knowh
privducer countries, (2] eradicated cultivation arcas, {1} coca leal crop yield |, {4) the elficiency of the process for converting leaf
Wy intermediary products and then to cocaine, and {3} losses, consumplion, and seizures within producer counteies.

™ oca is reportedly cultivated in Brazil and Venczuela, but estimates of heciares under cultivation are not available.

** Burean of Internativnat Narcutics Maiters, Inrernational Marcoties Control Stratemy Repars {(Washinglon, D.C Department
uf Sl Publications, April 1994, and previows pears). The Boreay bases s calcvdations of land wnder eultivation on "proven
methods similar to those used (o estimate the size of licil crops al home and abroad,”

* Onc heclarc equals 247 acres,
' INCSR, 1994, We assume Tor the purposes af the mode! that eradication is tn the primary coca growing regions,

* The conversion process can vary widely from one location w0 another in the processing countrics.  According to
information now available from a variery of sources, the JWCSR accorately reflects the conversion process in cach of the producer
copnicies. 1. Inciudi, The War on Dy (Palo Alto, CAC Mayficld Publishing Company, 1986), 71-89; and telephone interviews
with E, Morales, West Chester University, FA.
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FIGURE 2 - CONTINUED

WORLDWIDE COCAINE FLOW, 1993
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coca hcaves due to a fungus that attacked coca plants in Peru. In 1993, a total of 250,759-292 561 metric
tons of leaves were harvesied. This is bess than the amount reported in 1992 (309,840-356,211 metrig tons)
and 1991 (304,182-337,218 metric tons),

Coca manufacturing (Boxes C throwgh E). Converting the ¢coca leaves into cocaine HCI
requires laboratory equipment and large quantitics of chemicals. Information about processing and the
network of ¢clandestine laboratories® is based on in-depth rescarch on the production process that has been
uidertaken by the Drug Enforcement Administration.

Leaf to Paste Conversion (Box C). Two tactors affect the amoeunt of paste produced from treating
coca leaves. First, the leaves grown in different countries have different alkaloid content.™ Because the
CORVErsion ratio varies with the leaves’ alkaloid conient, the conversion ratio varics from country to
gouniry. Sccond, the indipenous population in Bolivia and Peru consume coca leaves. Figure 2 shows
maodest consumption levels for both Peru and Bolivia,

Faste to Base Conversion (Box D). This stage, which may not be followed in all regions, is 2
relatively simple "washing" of the coca paeste in acetone before the final purification process. This
increases the purity of the final product.

fase to Cocaine HCI (Box E). This stage requires acetone, ether, and hydrachloric acid that are
prodiuced in many industrialized nations. Cne unit of base yields an equal unit of cocaine HCL

As shown in Table 9, this cultivation and manufacturing process resulted in an estimated 581 to
711 metric tons of pure cocaine that were available for shipment fo world markets in 19937 As described
below, however, not all of this cocaine is shipped to the principal consumer countries.

Cocaine {ransshipment (Eox (3)

Cocaine i3 shipped from manufacturing countries (such as Colombia) to the primary consumer
countries {principally the United States} by many modes and wsually through a third country. Some
cocaing is shipped directly to the consumer c¢ountrics. To aveid detection, however, most of it s
tranzshipped through other countries such as the Caribbean nations, South and Central Americancountries, .
Canada, and Mexice.™ Some cocaine lasses occur during these shipments.

! andestine labaratarics arc located in the culirvating countrics and in Areenting, Brazil, and Veneruela,
* For cxample, Colombian coca leal has aben balf the alkaloid content of leaf from Para or Dalivia. INCSR, 1992,
' The range reflects «iffarent agsumptions about eonsumption of coca feal in Bolivia and Peru.

& According to the United Mations, 70 percent of all cocaine destined for the United S1ates is trnsshipped through Mexico,
Llnited Nations, Intemmianal Marcotics Conten] Board ([NCB), Reporr of the faiernational Control Board for 189} {(Viennz, 19900,
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TABLE 9

Estimates of Cocaine HCL Available in the United Stutes in 1993
{in metric tons)

Cocaine HCI Available for Export 581 711
From Producing Countries' 436 533
Forgipn Seizures of Cocaine destined

for the United States® i) 82
Caocaine shipped to the United States 333 450
Federal Seizures’ =110 -i10
Cocaine Available for consumption in

the United States 243 340

! Estimates of Cocaine HCl come from the computer model of cocaine production. The range is based
on the ermor band reported by the Depariment of Slate for the area under cultivation.

T INCSR, April 1994 and Royal Canadian Mounted Police, Narional Drug fitelligence Estimate, 1994,
* Drug Enforcement Administration, Federal-wide Drug Sefcure System.

Note: Some numbers may not add up due to rounding,

Some of the cocaine is consumed in the transshipment countries, but it is difficult to determing
how much for a number of reasons. For example, drug use surveys from these countries are usualiy
limited in scope, and the methodology changes from year to year. Accondingly, we have made no
adjustments in our model for these losses.
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The amount of cocaine availahle in consumer countries is furher reduced by fareign seizures.
According to the INCSR, authorities in producer, transshipment, and other consumer cotntties seized about
%2 meiric tons of cocaine in 1993 that was destined for the United States market {Table 93,7

Of the remaining amount, about 25 percent is diverted to consumer countries other than the United
States. (lhis estimate lacks firm grounding, but is probably reasonable encugh to capture the actual
proportion cunsumed outside the United Stales.} Based on these assumptions, we estimate that about 353
te 450 metric tons of cocaine were shipped to the United States in 1993 (Table 9.

The LIS cocaine market (Box H)

Of the amount of cocaine shipped to the United States, Federal authoritics seized about 110 metric
tons, lcaving 243 to 340 metric tons of pure cocaine for domestic consumption during 1993 (Table 9).
This is a decrease from the 1992 estimates of 376 to 539 metric tons (due to the tungus that affected the
harvest in Peru).

Using the midpoints of the estimates of price per pure gram from Table 4, the total retatl value
of 246 to 343 metric tons is between $33 and $46 billion in 1993.%* {This compares with ranges of $55
to $79 billion in 1992 and 351 to $72 hillion in 1990} Agzam, we consider (his estimate to be high
because we could not fully account for the many reductions in the supply noted above,

Moreover, the $33 billion to $46 billion range is necessarily wide. As emphasized throughout thiz
sectton, the data upon which these estimates are based are not sulliciently precise to supporl a narrower
range of estimates, Given our knowledge of cocaine use and price, it is unlikely that the retail sales
expendifure on cocaine approaches $46 biilion dollars.® When drug expenditures as income in kind are
considered, however, the lower end of this range is consistent with estimates based on our analysis of drug
consumption {Table 8).

Bascd on the midpaints of the ranges reporied i Table 10, leaf crops increased slightly from
1988/1990 to 199171992, and ther fell sharply in 1993, This decrease was duc 1o a fungus that attacked
the coea plants in Peru. Combined Federal and foreign seizures have remained at about 200 metric tons.
Conscquently, the effect of the crop reduction it Peru may have resulted in a 30 percent reduction in
cocaine supply from 1992 to 1993, It is doubtful that American markets were affected strongly (prices

Bogpesd oy and Uniled Saticos, NGB, Awrcodlier Srups Afmaded Bartd Seguinamarts for FR87 Stalicdicr for F800

* Not all of the available supply of cocaine imported 1o the 1nited States may be consumed in a given vear: it may go into
inventory or stockpiles in an elfort to maintain or increase prices.

* A figure of $200 billion was reported by the Latio American Weekby report, with itle substantistion. A similar figure
has buen cited by Webster and McCampell, atteibutedl 1o Helmes, bol the source of this estimate is obscure,  Latin Awerican
Weekly Report (WR-91-12, March 28, 1991y B, Webster and M. MeCampell, fnterrational Money Lawndering! Rescarch and
favestigration Join Forces (NI Research in Brief, September 19923 C. Holnes, Cosrbaling Mokep Lewndering: An drizona-Rosed
Approach (Police Bxecutive Hesearch Forom, March 19913 Such estimates seem bnpagssibly large. 3F 2l $200 billion was
atiribidable o cocaine, and iF 2.2 million beavy cocaine wsers consume 30 percent of the wvallzhle cocaing, then cach user must
be reguired to spend $72,000 per year on coeeine. In contrast, & beroin addictl has been estimated to spend 5257 per week on
his or her habit - less than $14,000 per year. Ewven if only 3100 billion is attributable to the cocaine market, a heavy user of
ococaime would spend almast 3874 on cocaine per week far mere than s repocted by hardcore wsers. Thos, 5200 Billion (s certainly
an excessively high estimae.
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did not increase between 1992 and 1993), partly because of delays bebween growing coca leaves and
delivering cocaine and crack on American streets, and partly because cocaine suppliers are known to
stockpile supplies in anticipation of shortages.

TABLE 14

Trends in the Cocaine Supply, 1989-19493

{in metric tans unless otherwise noted)

Cocaine HC| available for
export from producing
cauntries’

Cocatine destined for the
United States

Foreign seizures of cocaineg
destined for the United Slates®

Cocgine shipped o the
United States

Federal Seizures’

Cocane available for
consumplion in fhe
United States

Retzil value of cocaine
in the Umted States
{in billicns of dollars)

088

T08-357

531-543

55

476-568

115

361473

§$52-68

1940

705-858

529643

g3

4 559

BE

348-483

$67-00

745041

531-705

o5

465-603

125

337431

$51-72

Y
o
Py

T71-289

578-742

a3

455555

120

376-539

$65-7H

531-711

435533

a2

353-450

P10

243-140

$33-46

" Estimates of cocaine HCI come from tha cOmpter madel of cocaine production. Th;range' i5 based on the errer
band reported by the Deparment of State for the arga under cultivation,

2 INCSR, April 1894 {and previous years): Roval Canadian Mounted Police, National Drug Intelligence Estimate, 1834
{and previgus years) and Infernational Narcotics Control Board, Narcotic Drugs Stalistic for 1991 {and previous years).

? Drug Enforcement Administration, Federal-wide Drug Seizure System, 1989-1993.

HEROIN

Poppy plants, from which opium is extracted, arc grown in Southeast Asia, Southwest Asia, and
in the Western Hemisphere (Mexico, Guatemala, and Columbia). Opivm is converted into heroin in
laboratories in the countries where it is cultivated and in other countries, atl then consumed locally or

shipped to consemer counlries.
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There are two reasons why we cannot develop a supply Now model for Southwest and Southeast
Asia heroin. First, it is difficult to estimate the total harvest in these areas. For example, estimates of
areas under cultivation in [ratt have been unavailable since the Islamic Republic broke off ties with the
United States. The second problem is that Europe and Nonh Africa are the primary export markets for
hervin from these regions. This makes it dillicwit to determime the amount of heroin shipped to the United
States,

In contrast, the United States is the only major market for Mexican, Guatemalan, and probably
Colombian heroin.* Therefore, we can integrate the heroin production process in the Western Hemisphere
into a computer model similar to the cocaine model. Using information from the 1994 INCSR on the
amount of land under cuitivation and opium yields, we estintated the amount of heroin available for export
to the United States from these countries. We then used these estimates as the basis for determining the
entire U.S. heroin market: Using DEA's Heroin Sigrature Program (11SPY, we calculated the U.S. share
of the worldwide market based on the percentage of Western 1lemisphere herain jn the market.™

We gstimate that approximately 32 metric tons ot heroin were available in the [nited States in
1993, We derived these lgures by using the INCSR's estimate of 7.3 metric tons of herain from the
Western Hemisphere in 1993, and by assuming that 23 pereent (based on the HSP) of the U.S. market
comes from the Western Hemisphers. Discounting for the 1.4 metric tons Federal authorities seized in
1993, we estimate the total U.5. heroin market to be 31.6 metric tons in 1993, Using the midpoints of
the estimates of price per pure gram from Table 4, we estimate the total retail value of this heroin to be
approximately $54 billion.

These estimates are well above what we would reasonably expect. The largest credible estimate
of the pumber of heroin addicts is about 1 million, and this estimate is considered to exceed the actual
number.® We reasoned earlier that heroin addicts are unlikely to spend more than $420 a week, and faw
are likely to spend this much. We also reasoned that about 87 percent of expenditures on heroin could
be atiributed to addicts.® However, even if we make all of these extreme assumptions, heroin
expenditures cannot excesd approximately $25 billion™ Therefore, we conclude that the supply-based
mode! for beroin is not credible,

* The Foyal Canadian Muunted Police report (hat Mexican and Central Amnerican heroin in Canula s umeler five percent.
RCMP, Natfonal Drug Mrellipence Exffmcde 7M. According 10 data on origing of seizures in Eueope, no couriers oripinated
in Mexico (Intemational Criminat Police Organtzation. The fleraisn Stwation i Bwrope in F98% (Lyvons, France, February 1990

** The Heroin Sipnaturs Program [HSP, wsing a randomn sample from alt seieeres and purchases registered In STRIDE, iries
(o auantily the U5, macket shares of cach of the three major hersin producing areas, The HSP analyees 300 (0 300 exhibits
annually from a random sample of purchases wnd seizures made by Federal agents. This analysis probably dees not reflect the
L5 herpin market as a whole. Sce T NYIOO Rport, 192930 The Supply of Micit Drvgss i the United Seates (Washington, DUC
Mational MNareotics Intellipence Consumers Committes, August 159%d4),

*% For example, suppose X is the amount of heroin from Western Hemisphere sources, and suppose that ¥ percent of the
LS, market is met by those Western Hemisphere sources. Then, the worldwide supply of beroin seol to the United States must
equal X,

13 famil and P Cooley, MNattonal Emtimates of Heroin Prevalence [830-F987: Reswlts from Aralysis of DAWN
Emergency foom Pata (R Report, Triangte Park, ™.C.: Rescarch Triangle Instiute, 1990}

&0 This percentage wauld cestaindy be larger if we assumed that 1 million addicts spent $420 per week on hervin,
1 Multiply 1 mitlion addicts by $420 per week by 52 weeks and divide by D.&7.
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MARIJUANA

1t is difficult to develop an estimate of the size of the U5, retail market for marijuana from
estimates of available supply, First, the amount of marijuana that Americans cultivate for personal use
is impossible 1o estimate. Secand, even though a larpe amount of the domestic marijuana market is grown
in the United States,* countrics in South and Central America, the Caribbean, Asia, North Africa, and the
Middle East also supply cannalbis to the domestic market. Unfortunately, the data needed to develop better
estimates are hot available, and without the independent ability to assess the reliability of the marijuana
cultivation ¢stimates, we cannot develop a plausible supply-based estimate of the retail value of the
marijuana market in the United States.

LEGITIMATELY MANUFACTURED CONTROLLED SUBSTANCES AND ILLICITLY
MANUFACTURED DANGEROUS DRUGS

1t is impossible 10 know the amount of controlled substances, such as inhalanis and hallucinogens,
that are diveried for illicit consumption. 1t is also impossible to know the amount of illicitly manufactured
dangerous drugs. We do know that these substances are readily availabte ™

PRICE AND PURITY OF ILLICIT DRUGS

In lieu of solid estimates of the amount of cocaine, heroin, matijuana, and other illicit drugs, prices
and purity olfer some information about the availability of drugs in the United States. Because this report
focuses on the amount spent on illicit drugs and the amount available, we will not discuss in detail the
prices and purity.” As can be secn in Table 4, prices of cocaine have remained relatively stable over the
past six years (except for 1990) and have declined for heroin {except for 1991). Marijuana prices (Table
4’ have increased since 1988, but bepan to decline in 1993, Prices of other drugs were stable for this time
period. Given that the number of hardeere users has remained fairly constant, stable or decreasing prices
may indicate that these illicil substances are more readily available in the United Siates,

“ The DEA 1o lenger estimates the amount of marjuana under cultivation eutdaors in the United States. The DEA also
notes that indeor cultivalion continuss and that there is ne way 1o estimate the cxtent of this practice. The MNICT Reporr, 1023:
The Supolv af Mlici Prugy m the United Stares (Washington, DO Kational Marcaties Imelligence Consumers Commities,
August 1994},

& Drug Enforcement Administration, Intelligence Dvision, LY, Dewy Threar dssessment (Washington, 00C: US,
Depariment of Justice, 1993}

™ There are many sources tor drug price information,  The Drag Enforcemant Administration produces the fifegad Drug
Price/Puriry Report rezularly. Abt Associates Inc. caleulates average prices for the Office of Kational 1eug Control Policy on
a quarterly basis. Adso see: ) Cnolkins, Developding Price Sevies for Coacaine (Sunta Moniwa, Catifomia: RAND, Drug Tolicy
Research Center, 19954Y; W, Rhodes, B Fyatt, and P. Scheiman, "The Price of Cocaine, Heroin and harijuana, 1981-1593," The
Jauraal af Drag Fosues, 24, no 3 [1994) 383-402.
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L. SUMMARY

Because of the quality of available dala, there is considerable imprecision in estimates of the
number of hardeors and occasional users of drugs, the amount of drugs they consume, and the retail sales
valuc of thuse drugs. The best estimates {(all for 1993) follow:

«  In 1993, about 2.1 million Americans were hardeore cocaine users, and about 500,000
were hardeore herpin users. The mimber of hardeore cocaine users has remained lairly
stable gver the last six years (2.5 million in 1988}, The number of hardeore heroin users
has declined slightly, from 590,000 in 1938,

. About 4.0 million Americans were oceasional cocaine users, and about 230 000 were
occasional hieroin users. Both numbers have decreased over the last six years, The
number of occasional cocaing users dropped from 7.3 millien in 1988, and the number
of oceasional heroin users decreased from 540,000 m 1988,

+  More Americans use marijuana than either cocaine or heroin. In 1993, about 9.0 million
Americans had used marijuana at least once in the month prior to being surveyed., The
number of marijuana users has fallen since 1988, when 1 1.6 million Americans admitted
using marijuana.

*  Many Americans use illicit drugs other than cocaine, heroin, and marifuana, or they may
use licit drugs illegally. About 16 million Americans admitted using these other drags
in 1993, This number has declined from 23 million in 1988, with the greatest decreases
in the number of Americans who ese stimulants, sedatives, and tranquilizers. These
numbers mcluwde some overlap of polydrg users,

Dreriving estimates of the total cxpenditure on illicit drugs and licit drugs consemed iltegally is
more dillicult and uncertain because those estimates require mere data about prices paid. Nevertheless,
the best cstimates indicate the following:

*  Americans spent about $31 billion on cocame, 57 billion on hervin, 59 billion on
marijuana, and $2 billion on other substances. Income in kind eamned by drug dealers
and others probably adds about $2 1o 33 hillion W the cocaine Agure and ancther 33
billion for heroin.

e Agrain, eslimating trends 15 risky, but it appears that ¢xpendilures on cocaine, heroin, and
other drugs have fallen some over the last six years. Tn contrast, expenditres on

marijuana have remained constant.

Estimates of the total amount of cocaine consomed are Tower than, but broadly consistent with,
estimates of the total amount of cocaine available for consumption in 1993:

+  Trom the supply-side perspective, 243 to 340 metric tons of cocaine were
available for consumpiion in the United States.

e Trom the consumption perspective, Americans consumed roughly 215 to 382 metric tons
of cocaine.
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Although the estimates from the supply-side perspective are higher than those from the
consumption perspective, the supply-side estimates are surely overstated. First, they do not exclude some
lasses that ocour within the source countries but that cannot be readily estimated; and second, they do not
account for domestic seizures by State and local officials. Although the supply-side and the consumption
estimates are remarkably ¢lose, they cannot be completely reconciled.

The sizable price increase seen during 1990 is not reflected in a comparable decrease in the
supply of cocaine available during 1990. This may have oceurred because the supply of cocaine on the
street lags behingd the supply of cocaine entering the country, which lags behind the harvest of coca leaves,
so the supply-based and consumption-based estimates should not be in lock step. Still, how the supply
of cocaine cowld have remained relatively constant across time while the price of cocaine increased (and
apparently the consumption of cocaine decrcased) during 1990 is a perplexing guestion.

Although these estimates paint a picture of drug consumption with an extremely broad brush, and
although not al] estimates can be reconciled, the approach we use provides an important perspective on
what s mot known about drug production and consumption and what meeds fo be imown to better
understand the policy choices available 10 the Natiop.

We make no pretense here that the model and estimates we present in this report are fully
adequate to the larger task of informing public pelicy decisions. They are, at best, a stant, but they offer
important possibilities of integrating what are otherwise often seen as disparate picces of information about
the consumption and supply of drugs.

We sxpect incremental improvements to the estimates and methods offered here, paricularly as
bherter data become available, We also expect improvement in the model, which will include systematic
and analytic links between government policy and drug use. Thus, it is probably best to consider this an
interim report. The estimatcs we present might be seen as an improvement over those reported in 1991
and as a prelude to improved estimates for 1994,

Moreover, the estimates by themselves have only modest importance - they el us nothing more
than that the drue trade is larpe, a conclusion that requires no special study. The real wility of these
numbers is the development of a systematic methodalogy for integrating the various idicators - crops in
foreign countries, drugs seized at the borders, arrests made in American cilics, cte. - that can help
policymalkers to betler understand the dynamics of the drug trade and to better fashion apprapriate policy
responses.
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APPENDIX 1
ESTIMATING HARDCORE HEROIN USERS

The main text reports estimates of the number of Americans who were hardcore users of cocaine
and hetoin between 1988 und 1993, The methadology vpon which those estimates rest involves several
unicsted assumptions. Conlidence in the estimation procedure would be strengthened if an entirely
different approach that wsed different data led 10 similar estimates,

This appendix uses an alternate approach with different data to estimate the number of hardcore
heroin users in 1989 and 1990, These alternate estimates are, in fact, close to those reported in the main
toxt.

The Prablem

The problem is to estimate the number of hardcare heroin users (H). Let M be the number of users
who enter subslance abuse treatment during a given vear, Let P be the probability that a hardcore heroin
user enters treatment during that same year. Then because H =P=M, an estimate of the number of hardeore
herein users ts:

i}

T
.| B

where "*" denctes an estimate. This appendix explains how M and P are estimated and provides the
resulting estimate of H.

Estimating P

Turning first te P, an ¢stimate could be based on self-reporis of substance abuse treatment by a
random sample of hardeore users. Although no such random sample is available, 2 project sponsored hy
the National Institute on Drug Abuse provides data that, with suvitable statistical analysis, lcads to an
estimate of P, Thal project is the National AIDS Demonstration Research Project (HATDR).

The NADR projeet interviewed intravenous drug users (IDUs) who had not besn in treatment
during the thirly days before the interview, Most of those interviesvs were done in 1989 and 1990, {Other
people were mtervicwed by the NADR project, but only IDUs not in treatment are relevant here) The
present analysis considers atl ITIUs to be hardcore users, because necdle use indicates an established heroin
user. 1t assumes they hepan careers as hardeore heroin wsers the first Hme they injected, because this is
the best estimate of addiction that the data provide. Call the time from first injection to the ume of the
interview "1,," where { denotes the fth member of a sample. The analysis assurnes that the IDUs provided
an accurate account of the number of times they received substance abuse freatment in the period T, Call
this "N,.” Treatment excludes self-help therapy.’ The problem is to develop a stochastic model of entering

! Treatmens meludes drug detoxification, residential, prisontjail treatment programs, methadone maigtenance, and
oulpatient drup-free.  AMopether, 995 percent of the saenple reparted 4 or Fewer treatment episoles per year of hardeore heroin
uie. Thoss who reported moere were treated as data crrors and were excluded feom the analysis site,
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treatment based on N, T;, and covariates, and on the way the sample was drawn. This mode) is used to
predict P for a given period.*

Five covariates enter a statistical model. The data were partitioned by gender (MALE) and
ethnicity (WHITE, BLACK). NJAIL is the fraction of time spent ib jail or prison during the live years
before the interview, a crude measure of time at liberty to enter substance abuse treatment. AGE is the
user's age at the time of the interview. Justification for including these variables appears later.

The stochastic model is based on T, N, and these five covariales. Afier rejecting simpler models,
the analysis settled on a "three population model.” The model’s name implies that hardcore heroin users
can be classifhed into three conceptual groups. The term concepiual requires emphasis: 1t is for analytical
convenience and does not necessarily have behavioral implications.

The first conceptual group comprises hardcore users who have a zero probability of ever entermg
substance abuse treatment. The second comprises hardeere users who have not entered {reatment by T but
who have a non-zero probability of entering treatment in the future. The third conceptual group comprises
hardeore users who have entered treatment at least once. At any time, these three groups exhaust the
hardcore user population,

The reason for thinking about three conceprual groups is that the stochastic process that deseribes
the timing between starting hardeore drug use and entering treatment for the first time seems different
from the process that explains subsequent episodes of treatment. Consequently. it is useful to distinguish
those who have not yet emered treatment from those who have, The stachastic processes based on just
thess rwo groups do not explain patterns in the data as well as is desired, however. Some improvement
can be made by postulating the existence of a third group, namely, those who have a zero probability of
ever entering treamment. Thus, these three conceptual groups are usefui because they help explain patterns
in entering snbstance abuse (reatment.

The Model: A Formal Specification

By assumption, then, a hardeore heroin user has a probability € of belonging to the first group,
those with a zero probability of entering treatment. Q is written:

0=— 2]

14®

where the Greek letter 3 is a parameter to be estimated. (All parameters arc represented by Greek letters
here.} Given that 3 is the same geross all hardeore users, nothing imporiant depends on the structural
form of Q. The logistic distribution was chosen for computational convenience.

The structural form of the stochastic model 15 more important for the second conceplual group,
those who have not vet entered substance abuse treatment, but who may do so in the fulure. Let &
represent the time from initiation of hardeore herain use until entering treatment for the [irst time. Using

2 The imervicw {1985 and 19900 only asks about the total number of treatment cpisedes. 1 does not ask ahout the
number of reatmment episodes during the specific period of interest keee.
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the generalized gamma family of density functions to represent the distribution of t, [t), the density
function is writlen:

) ¥ Fl;‘frT T sy [3]
finy =S —
1)

‘The integral of [{t) from 0 to T i3 wriden:

T
AT = J‘ﬂ:}ds [4)

where v, py and 1 are parameters to be estimated and I'() is the Gamma function, Covariates enter this
specification by wriling:

= g N SAGE S VHITE, t BLACK, % MALE, [5]
F)

where the oo are parameters.

'the generalized Gamma function provides a non-monotonic hazard for the first episode of
substance abuse treatment, an attractive fearure because there is litlle prior knowledge about what this
hazatd really looks like. It includes the exponential and Weibull distributions as special cases. It is nol oo
burdensome to campute, although it does require analytical integration, because F(t) has no closed-form
cquivalent,

CUnee the first episode of treatment has occurred, by assumplion, subsequent episodes of treatment

occur according to a poisson process with parameter A, The probability of Ni-1 subsequent treatment
episodes, given that one treatment episade has already occurred, is written:

(A Toe ™ 6]

PN = — D

where T* js the time between when the first treatment episode occurred and the time of the interview at
T

Covarlates enter into this specification by writing A as:

?\.-- = B A3 NEATL A5 AL o TR o0 BEACK 3 MALE, [‘}"]
¥

where the [3 are parameters 1o be estimated.
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Thus, the following parameters require estimation: 8, v, 1, and the «'s and [B's. These can be
gatimated using the method of maximum likelihaod, but first some aceount must be taken of the sampling
procedure. Specifically, the sample excludes hardcore users who had been in treatment during the thirty
days before the interview, and estimation should proceed conditionai on the probability of being eligible
for the sampie given NJAIL, AGE, WHITE, BLACK, and MALE. A way to approximate this condition
is t¢ say that the sample excludes all hardcore users who entered treatment afier T-A° Because A is
unknown, we treat it as an additional parameter. With this addition to the model, the likelihood function
can he written as:

[ I i
[QT-QXLFDN [(1-2} { KOP(TA e "‘*fffjj- (8]
I . L 14

QI LFA(Td)e )

where I=1 when no treatment episodes have ocourred and 1=0 otherwise.

This likelihood function reguires explanation. Ignore the denominator and concentrate on the
numsrator, When 1 = 1, no treatment episodes have occurred. The prubability of no treatment episodes
is equal to the joint probability of none before T-A and none afier T-A, but this is the same as the
probability of nene before 1. The probability of no treatment episodes before I is the sum of the
probabilities of bwo events: A treatment episode will never occur [probalilily (@] and a treatment episode

will occur but has not occurred by Tt [(1-Q)(1-F(TH]. This explains the first bracketed tem in the
numsarator.

Now turn to the sccond bracketed term in the numerator, When at least ong treatment ¢pisode has
oucurred (I=0}), the probability of observing N; cpisodes is the joint probability that all N happened before
T-A and none after T-A. The probability of no treatment epizode between T-A and T {given that at Jeast
one has alrcady occurred) is just exp{-AA). The probability that the {irst event occurs befors T-A
{according (o the Gamma distribution} and the subsequent N1 occur sometime after the first {according
13 a poisson process) is equal to the rest of the term in brackets. This probability iz represented by an
integral because thore is no closed form equivalent.

Now consider the denominator. The reason for the denominator is that sampling was conditional
ap the hardeore user's not having been in treatment within thirty days of (he interview. Thus, the
denominator approximates the probability that the hardvere user had not entered substance abuse treatment
within A days of the interview. The A ts a parameter. This completes the description of the likelihood
function.

Limitations to the Model

As a representation of how frequentiy hatdcore users seek treatment, this maodel has limitations.
Some are chvious, and others are moene subtle,

* This approach assomes that all treatment spisedes are the same leogth, A, so that anyohs whe entered leeatment after
T-A roust 5411 be in freatmett at the fimme of the interview. This i3 only an approsimation becawse, in fact, treatment durticn
varies across [reatment modakities and (reatiment clients,
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Self=reports always have limitations when used to study the behaviors of substance abusers.
Substance ahuscrs are sometimes unwilling to report truthfuily. At other times, they are unable to report
accurately. This is especially likely when they are asked to recal] events that happened over many years.
Nevertheless, better data are upnavailahle.

Another cbvious limitation is that the NADR data are nol necessarily representative of hardcors
heroin users. One reason is that interviewers sought IDUs where and when those 1DUs could be found -
- typicaily where they purchased their drugs. Those users may differ from athers whose purchases and use
were less visible.

There is a third reason why the NADR data may not represent hardcore heroin users. The data
come [rom interviews that were conducted in concer with AIDs prevention programs, and the geographic
distribution of those programs was not necessarily the same as the geopraphic distribution of hardeore
users. To adjust for this problem, the likelihood function assigned larger wetght to interviews completed
where hardcore heroin users are most prevalent, and prevalence was based on the Drug Abuse Warning
Network (DAWN)?

DAWN provides an estimate of emergency room admissions where opiate use is identified as a
cause tor secking treatment. By assumption, the number of such admissions js correlated with the
prevalence of hardeore heroin use. This correlation is imperfect, because factors in addition to the
prevalence of hardcore heroin users account for emergency room admissions. However, the coreclation
should be sufticiently strong to justify this approach as being an improvement over using unweighted data.

Another obvious linitation is that the model rests on an assumption that treatment availability and
treatment-seeking behaviors are constant over time and place. This is untrue. Treatment availability varies
with government funding decisions. Treatment-secking behaviors vary with incentives, meluding the price
of herotn and iegal pressures. Measuring this variation is difficult, as is accounting for it in the stochastic
model.”

The analysis used covariates to panly adjust for this variation. Most IDUs begin hercin use as
young adults, so AGE is a proxy for tempora! variation in the availability of treatment and treatment-
seeking behavior. Incarcerated IDUs have different incentives and opportunities to be treated than those
free on the street. The variable NJAIL is a measure of time spent in jail and prison, but only for the maost
recent five years.

A more subtle problem stems from sssuming that a poisson process accounts lor the timing of
treatment episodes afier the first episode. To explain this problem, it is useful 1o anticipate Nindings
reporied later and show the predicted and actual distribution of treatment episodes. These distributions are
shown in Figure Al-1.

4 A similar argument can be made that the MADR projecks interviewed nonrepresentative sumples accerding (o race and
sex. We bBave not adjusted for those problems, except by including covariates for gender and cthnicity,

= IF variables such as treatment availability and the price of heroin could be measured, they could be included at time-

virying covaristes. However, s madification would greatly complicate the modeling, The issue is moot, at any rate, because
such warigblcs are noil available for the span of time invelved in this analysis.
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Many hardcore heroin users have never been in treatment, and the model dogs a good job of
accounting for them. Fewer hardcore users have been in treatment once or twice, and the medel does not
do as good a job of representing them: it predicts fewer hardeore users with one and two treatment
episodes than appear in the data. 1n contrast, the medel overpredicts subsequent treatment episodes.
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What is the problem? Apparctutly, the poisson process understates the frequency of zero and one
tecatment ¢pisade (following the first) and oversiates the frequency of two and more treatment episodes
{following the fiest). An alternative approach might be to assume 4 different stochastic process for the time
berween the first and second treatment episodes, between the second and third, and so on. However, such
agsumptions greatly complicate the mathematics and computing, because adopting these assumptions
requires the numerical computation of a doubls, tiple or higher-level integral depending on the number
of different stochastic processes adopled. It was deemed prudent (o consider the model described above
as adequate for present purposes.

Finally, it seems likely that the varjablas NJAIL, AGE, WHITE, BLACK, and MALE fail to
capmire all the variation across hardcore asers. Additional heteropeneity across users might be accounted
for with additional covariates or by introducing a term to represent unmeasured heterogeneily (along with
its population distribution). We have not purseed that elaboration.

Getting Population Estimates of P

Accepting the model speciied zbove, the expected number of treatment episodes during the year
before the interview can be estimated once the parameters are estimated. Let p, represent the probability
that & hardcore heroin user with charactenistics AGE;, NJAIL, BLACK,, WHITE, and MALE, will be
eligible to be interviewsd, that is, that he or she will not be in treatment during the thirty days before T.
This is just the term that appears in the denominator of the likelihoed functien. Let w; be a weight such
that w={1/p;}sum{1/p ). These weights sum 10 | over the sample and assign larger weights to sample
members who have the lowest probability of appearing in the sample. This weighting is necessary because
the sample overrepresents those hardcore heroin users who have the lowest probability of entering
treatment.”

Then the expected number of treatment episodes during the one-year period before the interview
is estimated as:

BV = ¥ sl R A () O AT )0 A0 ﬂhﬂ'}. i

The first term in brackets s the probabilicy that the first treatment episade occurred before T-1,
that is, at least onc year before the mterview date, multiplied by the rate at which subsequent treatment
cpisodes are generated, that is, lambda. The second term is more complicated. Here, f{) iz the density
function for nccurrence of the Dirst treatment episode between 1-1 and T, and lambda is the rate at which
subsequent treatment episodes occur after this first one. The weights, w;, adjusts the representation in the
population relative to representation in the sample. Thus, E{N} is an estimate for the popualation,

Similarly, the probability of ¢ntering substance abuse Ireatment during the year before the
inlerview is written,

& This weight also is adjusied so that the NADR sample bas the same geographic distribiiion as the DAWN sample.
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=l

To explain [101, the formula computes the probability of having zero freatment episodes durmg
the one-vear period before the interview and subtracts this probability from 1. There are three ways that
a hardcare user could have no treatment episodes during (he one-year period running from T-1 10 T, First,
he has a probability of ) of never entering treatmenl. Second, he has a probability of { 1-OOF(T - 1™ of
entering treatment before T,-1 but not during the period T-1 to T, Third, he has a probability of (1-Q){1-
F(L;)) that his first treatment episode will occur sometime afier T;. This explains the reasening behind
equation [10].

Resulis from Estimation

Regression results are summarized in Table Al-1. The table identifies the parameter in the third
cuolumn, says what variable 15 associated with that parameter {if any) in the second column, gives the
parameter estimates in the second column, and repors an asymptotic p-value in the last column. The
asymptotic p-value is based on a test of the null hypothesis that the & and [3 parameters are zero and that
the v and © parameters are one. The iatter hypothesis (5 apprapriate: The mode] reduces to the Weibul
when 1 =1, to the two-parameter Gamma distribution when ¥ = 1, and to the exponential when v = 1
=]
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TAELE &141

Regression Results: The Number of Treatment
Episodes During a Carger of Heroin Addiction

Farameter
Farameters Variagle Estimates P-Yalues

o COMNSTANT 0.7823 .00
131 ML 03973 Q.00
[p2 AGE -1.6136 0.00
B3 MALE -0.0093 0.00
[+4 WHITE -0.0845 Q.00
L7 BLACHK -0.4487 Q.00
20 CONSTANT -1.8372 .00
o LI -0.0045 Q.36
wd AGE -3.41496 Q.00
wd MALE -0.0u58 Q.00
wd WHITE -0.0695 0.24
o BLACK 00442 015

¥ 34 5048 0.00

T 00327 Q.00

& 1.0748 0.00

& 00006 44

Seurca: MADR 1939 thrawgh 1990

Looking at Table Al-1, recall that delta is intcrpreted as an adjustment for excluding [DUs who
had becn in treatment within thirry days of the interview. Dielta s so small in each of the regressions that
the adjustment plays no impodtant tole in the analvsis, Although this Dinding is coumterintuitive, it might
be explained by interviewees' incentives to deny recent (or even current) substance abuse treatment (o be
eligible for an interview stipend.

In all regreszions, the size of the first conceptual gronp -- those who have a zero probability of
cver entering substance abuse treatment -- is small (0.07). This finding seems reasonable. The criminal
Justice system as well as friends and family provide incentives and sometimes coercion for users to enter
tecatment.  Most likely, only 3 small group of bardcore users are totally immune from such pressure.

Turning to the second conceptual group, evidence is consistent with the hypothesis that time until

the first treatment episode has a pamma density function. This density function reduces to the Weibul
when t=1, but a test on the hypothesis that 1=1 is rejected. 1t reduces to a two-parameter Gamma when
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1=1, but again, this null hypothesis is rejected. On average, hardcore users wait 11.7 years before entering
treatment. Once they have entered treatment for the first time, subsequent treatment episodes happen every
1.1 years.

Although these estimates may or may not scem plausible, any judgement should recognize that
the estimates are conditional on the hardcore user's being active (not in recovery) at time 'I'. This is an
imporiant point. These estimates are based on retrospective accounts of people who were hardcore users
at the time of the interview. A prospective accounting of treatment episodes would not necessarily resuit
in the same estimates, because a prospective account would include people who recovered or were in
recovery [rom drug use. For present purposes, this conditioning is altogether appropriaie and desirable,
because interest is focused on treatment episodes atiributable to eurrent hardeore drug users.

It is intergsting, then, to compare these results with self~reports by individuals who are currently
in treatment. The Drug Services Research Survey’ reports the previous treatment history of 292 subjects
who were discharged from methadone maintenance between Sepember 1, 1989, and August 31, 1950, By
assumplion, all of these subjects were hardcore heroin users. They experienced an average of 1.4 treatment
episades in the nwelve-month period before entering methadone mantenapnce. Over a longer periad, they
repurted an average of 3.4 treatment episodes over an average of 5.9 years -- or roughly 0.58 per vear.
{Bigel Institute, 1991, Table 25).

{Jur own estimate, based on the analysis reported here, is that hardeore heroin users generate about
0,52 treatment episodes per year per user. This number is considerably smaller than the estimate bhased
on DSRS data for ireatment episodes during the month before entering methadone maintenance. Our
estimate is closer to the long-term rate for these 292 subjects.

Our estimate is not as close as we might expect. One explanation may be that the estimate based
an the DSRS data includes self-help as a treatment mods; our estimate excludes sell-help, so it would be
smaller than that based on the DSRS data. Another explanation is that the DSRS estimate is conditioned
on the fact that a treatment episode has occurred at the end of the one-year period. This would cause the
DISRS estimate of treatment ¢pisodes to be larger than our estimate. Indeed, we estimate that hardcore
users generaic 1.44 tregiment episodes per year canditioned on their having had at least one treatment
episode before that year, This estimate is very close to that reported in the DSRS survey. Thus, the DSRS
survey provides some independent evidence that our estimates are reasonable.

For present purposes, the more important statistic is the probability that a hardeere herein user
generates a treatment cpisode during a given year. Applying formula [10], the probability of a treatment
gpisode during 1989 or 1990 is about 0.33. We use this estimate in the next section.

? The Drug Services Research Survey (DSRS), conducted in 1994 by the Natianal Institue on Drug Abuse (MIDA),
pravides data on the charatteristics of treatment facilities and chients in treatment, The DSRS data provides national estimates
of the number of clicnts in ireatmenlt, capacily rates, utilization rates, as well us information concerning waiting lisls, modality
of treaiment, vnit ewnership, stalling panemns, and demographics of clients,

The DERS sucvey j5 coaductad in hvo phases. The lirst phase collects Facilie-level data, while the sccond phase locuses
on clients chamscieristics. The facility-level data was collected oncg with & point prevalence date of March 30, 1990 using a
siratitied random sample of 1,183 drug teeatment facilities, Clisnt-level treatment data was collected once using a sample of 2,202
records of clienis discharped betwizen Seprember 1, 1985 and August 31, 1950, On-site ahsiraction of sarapled client records took
place i 130 facililies.

Bige] Institote for 1eaith Policy, Dree Services Mesearch Strvey: Phase | Final Repore: Nam-Correctional Focilities
{Brandeis 1niversity, September 19, 19910
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Estimating M

Citing statistics provided by the Department of Health and Human Services, the Ofitee of National
Drug Control Policy estimates that an unduplicated aceount of abeut 1.6 million people were treated for
drug abuse during 1989 and 1.5 million were treated during [990, {Table Al-2 shows estimates for other
vears.)

TARBLE A1-2
Mumber of Peaple Treated for Drug Abuse, 1989-1394
(thousands)
1269 1539 18 18382 1993 1984
lumber of 1,557 1,508 1,481 1,455 1,443 1412
IEMS0NE
erved

ource. OMDCR, dational Ony Control Straleqy: Reclsmming owr Sommunifes fam Dnigg and Vioesce (Washinglon, 0.C., Fabruary 1584},
ppendis 8.

Assuming that 1,550,000 individuals emered drug abuse treatment during each year of interest here
{198% and 1990), about how many of them werg hardeore heroin users? This question is difficult to answer
with precision. The DSRE survey extracted the treatment records of 2220 clients who were dismissed from
substance abuse treatment botween September 1989 and August 1990, For 6.1 percent, heroin was the
"drug of choice" at the time of admission, but this 15 surely too low of a percentage of the 1.55 million
corolled in drug treatment. One reason is that afeohol was the drug of choice for 38.7 percent of the DSRS
sample, so heroin users comprise more than &.1 percent of clicnts treated for drug abuse. A second reason
15 that the drug of choice was unknown for 26.5 percent of the DSRS sample.! Some adjustment is
necessary before the DERS data are useful for estimating the perocntage of treatment episodes atiributable
ta heroin users.

Thus, the first adjustment is to climinate all client records from programs that onfy treat aleoho!
abuse. This eliminates 350 clients, 86 percent of whom selected alcohol as the drug of choice, and 14
percent of whom had an unknown drug of choice (but presumably it was alcohol). OF the remaining
clients, all who recetved methadone maintcnance were assumed Lo prefer heroin over other drugs. For the
other treatment modalities, we assumed that the pereentage of those who preferred heroin was the same
for the unknown category as tor the known catcgory. This led to an estimate that 10.9 percent of ali those
treated for drug abuse selected heroin as their "drug of choice." Applying this 0.9 percent to the ).55

9 Curlously, the drug of choice was repotted as unkoown for 51.8 pereent of these recciving methadone, a treattaent thar
Is reserved for herain addicts.



million drug treatment episodes, we estimate that 169,000 hardcore heroin users were treated in both [989
angd 1990.

A problem with the above calculation is that it is based on a treatment populaticn at one point in
time. An alternative approach that overcomes this problem is to apply the percentage of heroin addicts
treated in each eatment modality (from DSRS} to the number of discharges during 1990 {from
MDATUS)? The resuling calculation suggests that hardcore heroin wsers are 12.4 percent of the
admissions population.'” That is, they account for 12.4 percent of all treatment episodes. Based an this
percentage, we estimate that 192,000 hardeore heroin users meceived treatment in both 1980 and 1990,

Estimating H

Applying equation [1], we estimate that a hardcore hercin addict had a probability of 0.33 of
entering treatment in 1989 and in 1990, If the estimates are correct thai 169,000 or 192,000 hardcore
heroin users entered treatment in both 1989 and 1990, then there must have been about 508,000 hardcore
heroin addicts according to the first calculation {based exclusively on DSRS data) and 582,000 hardcore
heron users according to the second calculation (based on the DSRS and NDATUS data).

These estimates may understate the number of hardeore users. Recall that the statistical wodel
predicts fewer hardcore users as having one and two previous treatment episodes than actually occur in
the data, It predicts more hardeore users as having four and more previous treatment cpisodes than actually
oecur in the data. These apparent biases periain to treatment episodes over the course of the drug use
carcer, Because P is an estimate of the probability of entering treatment during 1989/1990, when many
older hardcors users have already experienced a treatment ¢pisode, we might expect that the statistical
model overestimates P. The estimate P appears in the denominator of formula [1], so an estimate of H may
be too smali.

 The Kational Drug and Alcoholism Treatment Uit Survey (NDATUS), 3 jofut «IFort between the Natwnal Institute
on Drug Abuse {HIDA) and the National Institute va Aleshol Abuse and Alecholism (MLAAA), is o national survey designed
to measure the Jocation, seope, and characteristics of drug abuse and alcoholism treatment and prevention Tacilities thenughouot
the United States, Unlike the DSRS survey, the NDATUS sorvey collects data only on units, not individuals, Treatroent uits
Teport deta on bypos and scope of services provided, numbers of ¢lients, clients diagnoses, capacily, client demographics, olhet
client characteristics, stafling, and soorees of tunding. The MDATUS survey bas been conducted periodically since 1974, and
annually since 1985 A total of 11,277 unils responded to the 1991 survey which was conducted as of the point-prevalence daks
uf September 30, 199
U 8. Depariment of Health and Humaan Scrvices, Public Nealth Service, Substance Abuse and Mental Health Services
Administration, Mationa! Drug and Aleohofivm Treatmert Unir Survey (NDATUSY: 1981 Main Findings Repert (DHHS
Publication Mo, (SMAL 93-2007. 1993).

M 4lthpugh the NUATUS cstimates sre based on a discharge population, this will approsimate an admission popalation
when the puirher of admissions couals the number of discharges.  The conslant number of people wheo receive treatment, as
reported by GNDCP, suggests Ihat admissicas and discharges are about the same.

A2



These estimates are imprecise for several reasons. it is deceptively difficult 1o know the number
af people who enler substance abuse treatment in a single year, and even harder to know what percentage
of them are treated for heroin abuse. It is at least as difficult o estimate the rate at which hardeore heroin
users generate tregiment episodes. Nevertheless, it is comforting 1o see that the estimates are close to the
estimates reponted in the main reporl. According to Table 1, there were roeghly 601,000 hardeore heroin
addicts in the United States in 1959 and 533,000 in 1990. We are aware of only onc other national
cstimate of the number of hercin addicts, by Hamill and Cooley," who concluded there were 640,000 10

1.1 million heroin addicts in 1987,

Y1 T Bhamill and P. Coaley, Mattenal Estimate of Heroin Prevalence [980-1987: Reswlty from Anafis of DAWN
Lmergency Room Data (RT] Repon, Triangle Park, %00 Research Trianpte Tnstitute, 1990}
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APPENDIX 2

ESTIMATING TYPICAL EXPENDITURES ON DRUG CONSUMPTION

This appendix discusses the methodology used to develop estimates of weekly expenditures on
cocaine and herpin by amestees who used either or both of these drugs on more than 10 days during the
month before their arrests. The estimates reported here are based on self-reports by arrestees in 24 cities.
These self-reports, which are for 1989 and later, are from the Drug Use Forecasting (DUF) program.’

The Data

DUT respondents reported how muech they spent on aff drugs combined (during a typical week)
but not how much they spent on each individual drug. They aliso reported the number of days they used
any of 22 kinds of drugs during the month before their interview, We used regression analysis to infer
expenditure patterns for cocaine and herain based on these data,

The greatest vbstacle to dceurate reporting is a respondent’s dewiad of drug wse” Thercfore, drug
use is underreporied. Once a respondent admits drug use, however, he or she would seem to have less
incentive to unwemeport or overreport consumption. To be included in this analysis, the respendent had
to have admined some illicit drug use during the last 30 days and had to have admitled seme drug
cxpenditure during the typical week. (These different time periods were required because of the wording
of the DUF questions.) We cstimated expenditure patterns for each year separately.

The dependent variable (EXPEND) was the weekly cxpenditure on all drugs. This variable was
skewed (a few individuals reported very hiph amounts). Conscquently, weekly expenditure was converted
to a logarithm before estimating the regression. We then converted the predictions back to the original
dollar scale.

The number of days that a respondent consumed each of four categories of drugs were the
mdependent variables. We collapsed drugs into four general categories: COCAINE {powdcred and crack),
HEROIN {black tar and other), MARIJ (marijuana and hashish—<combined in the DUF interview), and
OTHER. Cocaine, heroin, and marijuana were the anly drugs consumed by a large percentage of the
arrestee population. OTHER comprised a Jarge number of infrequently consumed substances. FExcept for
MARIJ, each variable comprised at [east oo drugs.

The category variable represents the maximum number of days any one of those drugs was
consumed. For example, if powdercd cocaine had been consumed on 15 days and crack cocaine had been
consumed on 20 days, then COCAINE was coded as " 20 days."

! Wi question was asked about the amount of expenditurcs on drugs in the F9RE DUF data, sa 1o analysis was
perforned tor thatl voar.

2 Dirug wsers also have difficulty recalling how often they used a drug, how much they used, and how much they paid
for it. Howewer, this inaceuracy, unlike intentional denial or deception, prebably averages out when the data arc agpregated.
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We expected 1the relationship between expenditures and davs of consumption to be nonlinear, but
the logarithmic translation may not have been adequate to caplure that nonlinearity, Consequently, each
of the above category variables was raised to the secand power, creating additional independent variables:
COCAINE2, HEROINI, MARIJZ, and OTHERZ,

Cocaine, heroin, and other drugs are frequently consumed in combination. For example, herom
users ofign use cocaine, a stimulant, to moderate the effect of heroin, a depressant. However, someone
who uses a combination of heroin and cocaine on a daily basis is unlikely to consume the same amount
of heroin end cocaine that is consumed by two people who are daily users and exclusive in their drug use.

Consceuently, fwo imteraction terms were added to the regression. COKEHER equals COCAINE
x HERQIN. COKEHER2? = COKEIIER?300. The division by 300 facilitates the computing algorithm,
but otherwise has no substantive imporance for the analysis. The consumption of other drugs was
relatively infrequent, so we did not add an interaction term to the regression for this variable,

Starting in 1990, DUF respondents were asked whether they had consumed any drogs in addition
to those listed in the interview. A variable OTHERDRG denotes that some other drug had been consumed
(!=yes, 0=no}. This guestion was not asked during 1989,

Estimation

We used ordinary least squares to estimate the regressions. Results are presented in Table A2-1.



Variable

EXPEND
COCAINE
COCAINEZ
HERCHH
HERCIMZ
MARL
MARLLZ
OTHER
OTHERZ
COKEHER
COKREHERZ
COTHERDRG

Variable

CONSTANT
COCAINE
COCAIMEZ
HEROIN
HEROINZ
MARL
MARIJZ
OTHER
OTHERZ
COKEHER
COKEHERZ
OTHERDRG

R-Square
Mumizer of
Cases

Spurce: DUF 1962 fhrough 1520

Table A2-1

Statistical Results for Regression Analysis
of Drug Expenditures, 1985-1990

i Deschiplive Anaiysis

N |-+ 1 R 1~ |/ N
Standard Standard
Idean Deyiglion Mean LQeyialion
4.8 1.6 4.7 16
13.0 12.2 1.0 11.8
J16.8 3B25 258.2 gty
5.0 10.6 4.7 10,3
1537.0 A9 1271 2301.8
57 92 4.4 E5
118.3 2629 a7 g 242 5
2B 73 2.7 7.3
597 205.1 61.1 206.1
797 231.8 64.8 2102
2002 B569.5 1614.2 6014
0.2 0.4 .2 0.4
Fearessinn Remlls _
[, - |- 1 e 1220
Paramelsr T-Scom Parameler T-Score
34444 893 66 2,504 12342
0.1185 18.61 0110 21 54
-0.0014 -7.04 -0.0m -G5.04
04177 444 118 11,885
-0.0001 -3.50 -D.o02 463
00779 -2.85 -0.041 -7.55
0.0009 aqp 0.002 §.00
0.0435 456 0.058 7EH
-.0008 229 -0.0m 447
-0.0047 -8.35 -0.004 -E.81
0.000S 570 0.0m 4 .46
0.0330 .84 0.020 0BS5S
0.4 .42
6,104 B.907
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Table A2-1 {continued)

Statistical Results for Regression Analysis
of Drug Expenditures, 1991983

Descriptive Analysi

1931 N 1 1y o 1883
Slandard Standard Standard

Variable Mean Deviplion Mean Devialian wlean vigli

EXFEMD 4.7 1.5 4.7 1.5 47 15
COCAINE 11.89 11.9 12.2 12.0 11.8 121
COCAINEL 2834 am.2 2946 aJrd.8 2BR 9 3727
HERCIM a7 &3 34 a5 4.2 24
HEROIMZ 1005 2737 105.4 2806 1159 288.7
MARIL] 4.8 8.5 2.5 0.2 .1 8.
MARLIZ 95,3 2305 115.4 263.0 1321 2798
OTHER 2.3 5.8 2.3 G4 27 T4
OTHERZ 51.9 1937 52.5 1933 618 2084
COKEHER 58.3 2023 61.0 2087 504 201.5
COKEHER2 147.7 k825 1534 500.4 147 .1 5750
OTHERDORG 0.2 0.4 Q2 4 02 04

Regression Resylts

1991 1992 . 1903 0
Nariabla Paramegter  T-Score FParamgler T-Scgre Farameter T-Score
CONSTANT 34461 12848 34223 128.66 34805 128 88
COCAIME 1130 23.70 7.1145 24 .47 01093 22.95
COCAINEZ -0.0012 -7.98 -0.0013 -3.85 0013 B.53
HEROIM 0.1156 1168 0.1126 1081 0.0952 1023
HEROINZ -(.0015 -4 .56 0,004 -4.03 -{1.0010 -3.29
MARL -0.0231 -4 58 -h0138 -2.83 -0.0226 -4.73
MARNZ 3.0012 6.6% {.0009 511 00012 T.08
OTHER 0535 6,96 (.0545 705 00421 5 84
OTHERZ -{1.0011 -3.88 -01.00311 -4.08 -3.0008 -245
COKEHER -0.0035 B0 -0.00a2 -7.66 -0.003 -T.82
COKEHERZ 0,005 3 (0004 322 00005 363
OTHERDRG .0168 0,98 0187 067 -0.OF TS -2.74
R-Square 0.4t 049 0.39
MNurnber of

Cases 9,872 10,357 8,584

Source! DUF 1391 thrawgh 1993




The model's explanatory power appears remarkable given the presumed measurement error in these
dala. Residuals were plotied against the number of days that the respondent reporied using cocaine, heroin,
marijuana, other drugs, and the interaction term. These plots indicate that the logarithmic transformation
does a sufficient job of inducing nermality among the residuals and that the model specification does not
systematically distort the relationship between days of vse and amount of money spent.

Interpretation

We converled predictions based on the regression reperted in Table A2-1 from loganthms to
natural units wsing two approaches. When Ln($) is the predicted value of the criginal regressien, then the
median value in the original vnits is Median{$) = Exponentia{Ln($)), and the mean value in the original
units is Mean($) = Exponential(LN{}+o%2).

When cocaine is the only drug consumed, estimating expenditures on cocaine is straightforward.
First, substitute zeros for all independent variables other than COCAINE and COCATNEL. Second, use
the regression results to make predictions when COCAINE = 1, COCAINE = 2, ... COCAINE = 30.
Similar calculations yield estimates for expenditures on heroin when heroin is the only drug consumed.

For example, when cocaine is consumed 10 days & month, the median weekly expenditure is
somewhat more than B30, It is about $200 a week when cocaine is consumed on 20 days a month, and
it is about $300 & week when cocaine is consumed on 30 days & month.

When broken down by daily expenditure, spending on heroin and cocaine is about the same.
However, this does not mean that when ¢ocaine and herein are consumed in combination, expendifures
on each are equally divided. More likely, one of the drgs is the drug of preference, and the ather is used
frequently, but at a lower dosage.

When cocaine and heroin were consumed in combination, we attributed greater expenditure to
what appeared to be the dominant drug. Let § represent the predicted dollar expenditure on drugs by indi-
viduals who consume cocaine and herwin, but no other drugs.

Let N, represent the number of days a month that an individual consumed cocaineg, and let N,
represent the number of days a month that individual consumed heroin. Expendimures ¢n cocaine and
heroin are estimated as:

-

———Nf 3, =% -%
[N +4ADIN,| T

5, =

where ADJ = (.5 when N, > N, and ADJ = 2.0 otherwise. Accovding W this formulation, when cocaing
is consumed on more days than heroin, at least two-thirds of the dreg expenditure is altributed to the
purchase of cocaine. When heroin is consumed on more days {or the same number of days) as cocaine,
then at least two-thirds of the drug expenditure is attributed to heroin. As a practical matter, this rule
dictates that respondents who say that they use both heroin and cocaine daily spend two-thirds of the
money or heroin and one-third on cocaine. This divizion seems approprialc given cvidence that such
individuals typically are long-established heroin users who add a small amount of cocaine to their
consumption.’

1 D. Hums, "Tracking the Prevalonce of Heroin Use,” paper prepared for ONDCP, July 1892,
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‘Typical Expenditures

Using results from the above repression, coupled with assumptions about how joint expenditures
on heroin and cocaine should be appertioned, we estimated the median and mean expenditures for cocaine
and heroin for every respondent who used either drug heavily. We averaged those estimales over all
respondents who admited using cocaine or heroin on more than 10 days during the month before their
arrest. Results are reported in Table AZ-2.

Typical expenditures appear to have remained stable over time. The chicf problem in interpreting
these numbeis is that the medians are so different from the means. Which should be used as "ypical”
expenditures? Evidence presented later seems to indicate that the median is preferabic, Before tuming o
this evidence, the matter of earnings from tncome in kind must be considered.

TABLE AZ-2

Mezan and Median Expenditures on Cocaine and Heroin, 18891323

igag 1850 18 1882 1993

Expenditures on cocaing by
those who use cocaing heavily
{Mean} w474 $458 450 $440 $394
{Median} $228 $240 $230 £219 5206
Expendituras an heroin by
lhese wha use herain heavily
{Maan) Ru66 £575 £535 7485 2453
{Median} 277 283 273 §242 $240

Source: DUF 1988 throtegh 1993,

Accounting for Income in Kind

Hardeore drug users suppord their drug use through legitimate seurces and through crime,
gspeciaily drug dealing. Returns from dealing are ofien in the form of drugs as a payment for scrvices
rendgred, or "income in kind." How does income in kind alfect cur estimates?

It is sometimes asserted that most hardcore users pay for their drog use by dealing or assisting
others who deal in illicit substances. For example, Johnson and colleagues® repont that in their sample of
MNew York Ciry heroin users, daily users spent an average of 37,601 a year on heroin, but consumed about
$13,189 worth of heroin a year. Regular users {defined in this study as those who use herain between
thiree and six times a week) spent $4,01% a4 year on herein, bul consumed about 36,431 wonh of the drug
8 year. The dilference between expendilures and consumption represents in-kind earnings in the form of
drugs. If this were a typical pattern, then the expendiures on drugs computed from DUF should he

* B. Iohnson ct al, Taking Care of Musiness: The Ecoromics of Crime by Herain Aburers {Lexington, Massachusetts:
Lexington Books, 1985).
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inflated by {$13,189/%7,601) or 1.73 for daily users, and ($6,431/$4,019} or 1.6 fuor regular users. For
reasons reported here, such multipliers seem much too large.

First, corsider a hypothetical illostration of a drug market. Suppose that mid-level dealers have
160,000 units of drug X to sell and, at 31 a unit, demand F100,000 for their drugs. Suppose initially that
there are 100 hardeore users, but no other users. Then, cach hardenre user must generate 31,000 of income
for the mid-level dealers.

The 106 hardcore users could support their use panly trom dealing, but cleariy they cannol support
their use entirely from dealing. Selling exclusively to each other would not raise the $100,000 expected
by mid-level dealers. The $100,000 must come from some other source.

Mow, these 100 users could support one-third of their consumption by selling 60,666 units for
$1.50 a unit to each other. This is a Pyrrhic marketing success, of course, but it would be cifective if
alternative income sources sometimes praovided sullicient funds to make purchases and sometimes did not.
The total tevenue penerated is 3100,000, encugh to satisfy the middlemen. This division of drugs would
approximate what was obscrved by Johnson and colleagues in New York

This soluticn requires that the street price of drug X be 30 percent higher than the price to mid-
level dealers. In reality, relail prices for covaine and heroin are about one-third higher than wholesale
prices,” so income in kind would seem more likely to add abont 33 percent to our estimates of drug
consumpticn based on transactions in which money was exchanged.

Moreover, many sellers do not themselves consume drugs (at least not at heavy-use rates). To
extend the above illustration, suppose that one-half the 100,000 units of drug X are sold by entrepreneurs
who do not themselves consume drugs. Then, the 100 hardcore users could support only about 17 percent
of their own drug use by selling drug X at $1.5 a unit to other users. The market oppertunities for
hardcors users to sapport their own consumption with income in kind is limited by salcs by nonusers.
Sales hy nondrug users may be sizable.

Reuter and colleagucs report that only 11 percent of the dealers (hey interviewed retained one-half
or more of the drugs for personal consumption; 30 percent retained less than one-half, "usually only 'a
little of it If “a liitle of if" means 15 percent, then these figures suggest that about 10 percent of the
drups that were available to these dealers were retained for personal consumption. If Reuter's dealers are
typical of those who seil drugs, then the expenditure figures based on dellar transactions should be
increased by 0.1/0.9, or about 11 percent to account for income in kind.

In his field study, conducted im 1982 and 1983, of 15 street-level heroin dealers in Detroit,
Micczkowski” reports that dealers arc typically not hardcore users: *. although runners appear by and large
to be recreational drug users, they are not addicted to heroin." Micczkowski's lindings suggest that income
in kind represents a smaller percentage of drug consumption than was reporied by Johnson.

5 W, Rhodes, R. Hyatt, and P Scheiman, "The Price of Cocaine, Heroin, and Mardjuana, 1981-1953." Jarrnal af
Dwrig Trswes, 24, no. 3. (1994): 383-402.

©P. Weualer ot al., Mowey fram Crime: 4 Study of the Economics af Deng Dealing in Woshington, 2., {Santa
Munien, California: Rand Corporation, 1990} RAND publication H-3894-KF, p. 61,

T T, Micgekowski, "Geeking Up and Throwing Dewn: Heroin Street Life in Delroit,” Criminalogy, 24, noud. [ 956)
G45-665,
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Altschuler and Brounstein® interviewed 387 ninth and tenth prade, minority, inner-city boys [rom
Washington, D.C., during 1988, Of the 3%7, 7 percent used drugs, but did not sell them; 9 percent sold
drugs, but did not use them; and 4 percent both soid and used drups. These lindings suggest that many
druy sales are made by dealers who are not hardcore users.

Williams tracked the drug (cocaine and crack) dealing of eight New York juveniles who belonged
to aleenags drug ring called the Cocaine Kids, or the Kids, Williams reports that ™. virtually all cocaine
suppliers expect retail dealers 10 retorn with cash amounting to about 60 to 75 percent of potential retail
sales of their consignment,™ If this profit margin s typical for cocaine and crack retailers, and if al! this
profit is income in kind spent on the retailer’s consumption, then estimates based on dollar transactions
might be muitiplied by 0.66 10 0.33. Howcever, the dealers interviewed by Williams did not take their
prolits primarily in the form of crack: "All the Kids snort cocaine regularky. This is accepted, but the use
of crack 15 generally frowned upon: thase who snon are thought 10 have more control and discipline than
those who smoke erack or freebase. Most dealers see crack smokers as obsessive consumers who cannot
take care of business; crack users, they say, tend to become agitated, quickly lose control and
concentration, and take one dose afler another at the cxpense of everything clse."'”

Skolnick,'' who examined crack sales by gang members in Califernia during 1988, reports two
types of dealers: one whao sells for profit and one who sells to buy drugs. Interestingly, Skolnick aiso
reporls that 75 percent of street sales will be retumed to the middleman, a figure consistent with that
repored by Williams in New York.

Waldorfand Lauderback interviewed 568 members of 86 different ethnic gangs in San Francisco, '
They reported that only 16 percent of the crack sellers used crack during the month before the intervigw,
although about one-half of the cocaine sellers and about three-fourhs of the heroin seliers used those
drugs during the month before the interview. The gang members explained that intoxicated sellers did not
make reliable dealers and that drug dependence impaired the gang member's ability to defend the gang.
Waldorf and Lauderback reached similar conclusions to Chin' {Chinese gang members who seld heroin
did not use it) and Vigil."

P 1. Altechuler and P. Brounsicin, "Panerns of Drog Use, Drug Tralficking, and Cber Delinguency amang Tnner-City
Adolescents in Washington, DnC" paper presented at the Annual Meeting of the Amertcan Secicty of Criminglogy, Rend,
Mevada, 1989, 9, apd Tabls 3.

* T, Williams, The Cocaine Kids: The fazide Story of a Teenage Drug Ring {Reading, Massachusetts: Addison-
Wesley Publishing, 1989, 36,

' Williams, The Cocatue Kids, 47.

il 1 Skolnick, The Sociad Siruciure of Streed Drug Deating (BCS FORUM, QlTice of the Attomey General, State of
Califormia, undated).

12 13 Waldotf and [1. Lauderback, "Don't e Your Own Best Customer — Doog Use of San Franeisea Mthpic Cang
Drug Sellers” Crime, Law aed Socie! Change — dn fiternatioraf Jaweaal, 19 (19931 1-15, The published article vwas based
on a pepulation of 300; howewer, an updated version surveyed 568 geng members,

¥, Chin, "Chinese Triad Societics, Tongs, Organized Crime and Strect Ganps in Asia and the United States,”
unpuhlished Phid, dissetation, University of Pennsylvania, Philadaiphia, Pennsylvania, 1986,

M Vipil, Baerie Gangs: Steeer Life and fdentity in Sowthera California (Auvstin, Texas: Univeraity of Texas Preas,
1988}
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Mieczkowski, on the other hand, reporis that crack sellers in his Detroit sample "appear to
conform closely to the 'tlassic' or "hustler’ view of the drug uscr."” Nearly two-thirds of the respondents
said that they sold crack to get money for their own crack consumption.

The important point is that many of the drugs consumed by hardeore users are sold by individuals
who do not wse drugs heavily. The ability of hardcore users to support their own use through dealing is
necessarily limited. Consequently, the amount of drugs that hardcore users receive as income in kind
cannot account for much of the cocaine and heroin consumed.

Data are not sufficient to suppor! precise cstimates, It seems that a street dealer might be able to
retain about gne-fourth of the drugs that he markets, and that profit dealers {those taking their profit in
cash rather than in kind) are more numerous among cocaine dealers than among heroin deaiers. We
assume that wo-thirds of the cocaine dealers and one-third of the heroin deafers are profil dealers.

Assume that a cocaine retailer must return 33 for every $4 of crack or powdened cocaine that he
sclls. Also assume that bavo-thirds of all retail dealers are profit dealers atd one-third are users. This means
that every $1 spent on crack and cocaine would result in $1 % 0.33 x 0.33 = 3011 in income in kind,
suggesting that the estimates should be inflated by 0.11. This mtlation figure equals the 11 percent income
in kind figure dertved from Reuter and colleagues' study.

Second, assume that a heroin retailer must refurn B3 for every $4 of heroin that he selis, Also
assume that one-third of the retail dealers are profit dealers. This means that every }1 spent on heroin
would resull in a2 maximum of $1 « 033 x 0.66 = $0.22, sugpesting that the estimate should be inflated
by 0.22. This inflation figure is lower than the income in kind figure derived from Johnson and colleagues’
study but is mare consistent with cbservations that not all those wha sell heroin an: hardeore users.

We assume a somewhat hipher estimaie for income in kind. We assume that $0.25 wonh of heroin
is retained as income in kind for every $1 of heroin sold. For cocaine, we assume one-balf that amount,
or $0.125, for every $1 sold.

Choosing the Median As the Typical Expenditure

If weckly expenditures on drugs were reporled with perfect accuracy, there would be little
justification for using any number other than the mean. Afier all, regardless of how the data are skewed,
the mean is the average expenditure, and 1otal expenditures will equal the average expenditure muitiplied
by the number of hardcore users.

However, another interpretation seems more reasonahle. Suppose that the average expendilure is
about the same for everybody whe uses drugs on a specified number of days a month, but that the amount
spent op drugs is reported with great inaceuracy. From this view, the median is the best measure of the
average expenditure.” Sotne other sources suggest that the median expenditure is more accurate for our
analysis.

15T Miccrkawski, "Crack Distribotion in Detroil," Confemprany Drwg Problfems, (Spoing 19907 23-24,

16 An analopy helps make this point, Suppose that a grocery store clerk were to ring 1,000 $1 candy bars
indmvidually on his register. Supposc that he was inaccurate but unbissed a8 he agcasionally registercd too many or too few
zergs: 100 bars were priced ag $0.10, 200 were priced at 51, and 100 were priced at 810, The et expendivre op candy
ters weanld be §1.810, or an average of $1.81 per candy tar, EBlere the clerk's random ermors do not balance out.
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Other reports of expenditures on drug use

Other studies, primarily of hardcore users involved with the criminal justice system, estimate
expenditures on heroin and cocaing that are broadly congistent with the medians teported here (Table A2-
23,

Johnson and colleagues’ interviewed 201 subjects who were street-level heroin users in East and
Central Harlem; all were involved in some form of eriminality and spent most of their time on the streets.
Subjects were interviewed for five consecutive days, and then were interviewed weekly for the following
four weeks. Ahout 132 of these subjects were interviewed four more times at three- to six-month inlervals.
The average user spent 54,203 a year on heroin, These users often sold drugs, and when they did, payment
was usually in the form of drugs as income in kind. When income in kind was taken into account, these
usets spent about 36,986 a year on heroin, Daily users directly purchased $7,601 worth of heroin a year,
but when income in kind is talten inta account, they spent about $13, 189, Regular users {those who used
at least weekly, but less than daily) made cash payments of $4,019 for heroin over the course of & year,
but with income in kind payments, their annual expenditures were 36,421, These estimates are comparable
with those based on the median responses in the DUT data, which suggest that hardcore users of heroin
spend about $12.000 a year on heroin.

Johnson and Wish' recruited 103 male New York "hard-drug abusers™ who had committed one
or more relatively serious non-drug crimes (such as robbery, burglary, grand lanceny, or assault} in the past
24 hours. Those who had committed recent robberies spent an average of $52 a day on illicit drugs.
‘Those who had commitied other crimes spent an average of $32 a day. Thus, for those who had just
commitied crimes, the expenditure on drugs was 5224 to $364 a week.

For those who bought both heroin and cocaine, daily expenditures totaled $239 to $357 a week.
Those whe bought only cocaine spent 175 to 3231 a week on cocaine. Those who bought only hercin
spent $154 to $252 a week on heroin. 1t is notable that 86 percent of these subjcets reporied using some
illicit subslance on 28 of the past 30 days, so the majority could be considercd hardcore drug users. These
ligures seem to be high estimates of consumption, however. Because all these wsers had recently
committed sericus crimes, they had money available from illegal sources to buy drugs, Nevertheless, the
average expenditures wers about the same as those based on the median values from the DUF data.

Reuter and colleagues report results based on interviews with 186 males on probation in
Washington, D.C., who had sold drugs during the mid-1980s. About one-half reponed purchasing drugs
for their own use. This half had a median expenditure of $400 2 maonth; the mesn was 31,596, Howeyer,
about 40 percent of the respondents consumed some of the drugs that they acquired for dealing,
representing income in kind spent on drugs; about 10 percent reported that they consumed ong-half the
drugs that they acguired by dealing. The median and mean are much smaller than their counterpans in
DUF, but the Reuter subjects are not necessarily hardcore users.”

AT B. Iohnson o al., Yaking Care of Business: The Ecovomics of Crime by Herein Abusers {Lexington,
Massachugetts: Lexington Books, 7985).

L% B, Iohnson and B, Wish, "The Robbery-Hard Drug Conneetivn: Do Robbers and Robberies Influence Criminal
Betums and Cocaing-Heroin Purehases," paper presented at the Criminelogy Section of the Amerivan Sociclogical

Assoristion, August {7, 1987,

13 B, Rewter et al., Morey from Crivee: 4 SMudy of the Econamics af Drug Dealing in Washingterr, D.C {Santa
Municz, California: Rand Corperation, 19900 Rand Publication R-35%4-RF, p.ol.
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Mieczkowski® asked 190 “chronic users of crack cocaine” in Detroit about their crack
consumption by appending questions to the DUF interview, About one-fourth of these users consumed
four or fewer rocks” a week (340 or less a weck), moast of the others clustered at 10 to 20 rocks a week
(F100 to $200 2 week) and 40 to 50 rocks a week (3400 to $500 a week). Only § percent used over 100
rocks a week. Mieczkowski speculated that the npper range included dealers who could not distinguish
between their own consumption and what they sold, as well as individuals who were sharing with friends,

This additional evidence is consistent with the conclusion that the median values based on DUF
data typify spending parterns for thosc arrestees who admitted using cocaing or heroin on at least 1§ days
during the past month. However, some of the studies described below report [arger expenditure patierns.

Mieczkowski® reports on interviews with "100 self-reported dealers and user/dealers of crack
cocaine” who were in residential treatment facilities in Detroit, All can be considercd to be hardcore users.
The amounts reporicd on weekly drug usage were highly skewed. The estimates wers: $937 mean; $877
trimmed mean; $600 median; 3544 M-estimator. These estimates are considerably higher than those we
report, although they are not inconsistent with cstimates for the very heaviest users. One explanation of
this variation may be that these users had especially high use paltemns, as evidenced by their seeking
freatment.

Other studies of treatment populations indicate that expenditures can be much higher for the
typical hardcore user than is assumed here. Schnoll and colleagues™ report on expenditures by 172 men
and women who received treatment for cocaine abuse in Chicago primarily duting 1982 and 1983,
Average expenditures were reporied as $800 a week,

Gawin and Kleber” describe heroin use in a sample of 30 consecutive admissions to a cocaine
treatment program in New Haven. Thiricen intravenous drug users used an average of 5.6 grams a week,
-s1x smokers used an average of 9.1 grams, and 11 who snorled used an average of 5.3 grams 4 week. If
these wsers paid $100 a gram, they must have spent $500 to $900 a week for cocaine prior to entering
treatment.

Collins, Hubbard, and Rachal {1985} studied annual drug expendiiures of 3,276 drug users who
entered publicly-funded drug treatment in 1979.% For daily heroin users, the median drug expenditure was
10,000, and the mean was almost $16,999. For weekly vscrs (exclusive of daily vsers), the median was

20T, Miesezkowski, "Crack Distribution in Datroi,” Contemparary Drug Problems, {Spring 1990} 18-20,

# Crack s made by heatiog powdered cocaine untl) i crystallices. "Hocks" are then broken ofl the cinnk of crack
produced, Crack is often bougit by the rock, Although this purchase unit varies in welght and size, rocks tend to be fairly
small and inexpensive.

0. Mieczkowski, "The Econemic imensions of Crack Use and Distribution: Some Preliminary Data,"” paper
presentad b the American Socicty of Criminology Annual Meetings, Keno, hevada, November 1989

1 5 Schnall et al., "Characteristics af Cocaine Abusers Presenting for Treatment,” in Cocpire Live in America:
Enidemiological and Chemical Perspeetives, ¢d. N, Kozel and E. Adams (Rockville, Maryland: National Institute on Drug
Abusc, 1985), NIDA Research Monograph 61, 171-151.

™ F, Gawin and H. Kleber, "Cocaine Use in a Treatment Population: Patterns and Diagnostic Distinctions,” in
Cocaine Ure in dmerica: Epidemiological and Chemica! Perspeciives, od. M. Kozl and €. Adams, (Reckvilie, MD: Wational
Institute on Drrug Abuge, 1985), NIDA Research Monopraph 61, 182-192

¥ 1. Colline, R, Hubhanl, and J. Hachal, "Expensive Dmg Use aod Ilegai Income: A Test of Explanulary
Hypotheses, Criminalogy, 23, no. 4. (1985); 743-7a3.
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$4.000, and the mean was about $7,400. There were fewer regular cocaine users. On a yearly basis, daily
users spent & median of 314,000, and a mean of atmost 319,000 These who used on a weekly {but not
daily} basis had median expenditures of 36,100, and a mean of almost $12,000.

Comparing these estimates with those based or DUF is complicated. Because these estimates are
from 1978 and 1979, an adjustment for inflation would lead to estimates that are higher than those based
on DUF. However. the street price of heroin and cocaine have fallen so much since 1978-1979, even
controlling for inflation, that 1978-1979 is a questionable benchmark. Another limitation is that cocaine
users who sought treatment in the late 1970s may have little resemblance to crack users of the late 19805
and aariy 1990s.

Although the laber studies, all of which are based on a population in treatment, indicate that
hardcore users spend more an egcaine than is assumed in this study, users in treatment probably have yse
patierns that are atypical of hardcore users in genaral. As Waldorl and colleagues™ report, most hardeore
cocaine users are able to control their consumption, avoiding the ruinous expenditure patierns that often
drive other users — those who have the least control — jnto treatment,

Evidence from the NHSDA

Additional evidence comes from the NIISDA. The number of individuals who admitted using
cocaine on more than I} days during the month before the interview and reporicd how much they had
spent on cocaine was small, thus the estimates for cocaine expenditures are fairly unreliable (Table A2-3).
For example, in 1993, only seventy-eight individuals admitted hardeore cocaine use and reporied cocaine
expenditures. Average expenditures were 381 a weck. These average expenditvres reported by hardcore
cocaine users in MHSDA were much lower than those reported in DUF (Table 2). Although the NHSDA
eshitnates appear to show 2 decrease in average expenditures by hardeore cocaine users from 1983 (1300
1 1993 (3813, this trend is neither consistent nor reliable,

TABLE A2-3

Avarage Expenditures on Cocaine by Hardcore Cocaine Users,
1588-1993

1988 1850 ke.tal 1852 1902

Average

expenditures F130 ¥17 83 534 a1
Number of

valid answers 27 3o 19 =S Th

Source: NHSDA 13EE, 1990 through 1993

Estimetes based om amownt consumed

25 D, Waldorf et al., Cocaine Changes: The Experiences of Uring and Quiting (Philadelpiia: Temple Uneversity
Press, 19917,
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Another way to validats the median as a measure of expenditures is to infer how much hardeore
cocaine and herain users could spend given their consumption pattems.

It is diffiult to shoot heroin more frequently than four limes a day, and many DUF respondenis
wsed heroin less often than daily.” According to Division of Substance Abuse Services (DSAS) in New
York City, a hardcore user might use one to two bags of heroin a session, and each bag would cost 310.
These approximations supgest that a hardcore user could not spend much more than $420 a weck.

Although $420 is close to the mean expenditure estimated based eon the DUF data, ¢ven those
heroin users who are hardcore consumers cannot shoot heroin every day, four times a day. Clearly, $420
a week should be considered more as an upper limit than an average for weekly expenditure on heroin.

Cocaine is different. While heroin seems (o be self-limiting {the user's craving can be satislied
much as a diner is satiated after a full meal), cocaine is nolable because it immediately engenders a desire
for more cocaine. As discussed eaclier, there are reports of very hardcore consumption parierns just prior
to sesking treatment.

MNeverltheless, cocaine consumption has two limitations. The first is physiclogical. Binge use
exhausts the body, 50 rest {s necessary before binge use can recur. The second is that hardcore cocaine
use can quickly exhaust [inancial resources. One wa to check estimates of drug spending patterns for
cocaing is to assess the user's income from legal and illegal sources.

Estimater based on financial resources

One way to assess the practical upper limit for cocaine use (excluding the minority of users who
drain personal resources prior to entering treatment} is to estimate the amount of moncy that hardcore
users have available to spend on cocaine.

According to DUF, most hardcore users who are arrested and questioned have limited legal
incomes. Much of their camings comes from crime. How much do such individuals earn from combined
sources?

As would be expectled, il is no casier to estimate the amount of money eamed from crime than
it is to estimate the amount of money spent on drugs. There are, however, a few studies of eamnings from
property crime. Johnson and colleagues, in a study described above, report that daily heroin users eam an
average of $8,825 a year from non-drug criminal activity, and repular users earn 56,233 a year. Total
criminal income, including drug ingome in kind, is $18,820 for daily users and 311,203 for regular users.
Afler living expenscs are subtracted from these mcomes, the amount available for heroin expenditures
could not be much greater than is assumed in this report.?’

¥ Kahn reports an average of three fixes a day For 453 clients before their participation in a methadone maintenance
program. Only 16 petcent of his clients reported more than four Dixes daily.  Anglin reports that during the 12 months before
cntering eriminat justice supecvision, 279 heroin addicts (who bad been identified through & methsdone maimiepance program
in the carly 1970s) had injected heroin an average of 2.7 times a day. B, Kahn, "The Frequency of Narcotic Uise Before and
ARer Admission to 2 Methadone Maintenange Program,” Sternations! Journal of the Addictions, 14, no. 8. (1979 1157, M.
Anghin et al | Effects of Legal Supervision on Narcotics Use and Criminal Behavier ever the Addiction Career (Los Angeles.
CA: UCLA Dreg Abuse Reseacch Group, December 1985

2 P, Johnson et al., Taking Care of Busivess: The Econawmics af Crime by Hevolin Abusers (Ledinglon,
Massachusctts: Lexington Books, 1933).
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Anglin and colleagues® describe the income of 279 male heroin addicts whe were selected from
thase wha had first entered a methadone program between 1971 and 1973, The petiod of time described
15 the 12 months prior to their first period of legal supervision. Chicano respondents averaged $6,708 in
illegal income a year (not counting $924 & vear from drug dealing), and whites averaged $5,580 a year
(not counting $1,320 a year from dreg dealing). Legal incomes were $1,984 to $2,672 a year. Even when
inflation is taken into account, these incomes could not support drug use habits far in excess of what is
assumed In this paper.

Feuter and colleapues report reseits bascd on intervicws with 186 males on probation in
Washington, D.C., who had sold drugs during the mid-1980s. They repon an average income of $2,863
a month, all but $84% from illegal activity, mostly drug sales. However, most of this income was spent
on expenses other than drugs — drug expenditures averaged $883 a month.™

Conclusions

The evidence is nol compelling, but il seems besl W assume that the median expenditures on
cocaine and heroin—as measured from DUF data—provides the best basis for computing dollar
expenditures on cocaine and heroin, The uncertaimty surrounding this assumption is best handled through
sensitivity analysis, which we execnte in the main report

The evidence in support of the percentage of drugs earned as income in kind is also meager. We
assume that for every dollar spent on cocaine another $0.125 of cocaine is consumed as income in kind,
We assume that for every dollar spent on heroin another $0.25 of heroin is consumed as income in kind,

*ORIII. Anglin et al., Effeces of Legal Stperviziom on Norcotics Cse and Crimina! Behavior Chver the Addiction
Carzer (Los Angeles, CA: UCLA Drug Abuse Research Geoup, December 1988); and Takle 3,

01 Revter et al., Monay from Crime: A Study of the Economics of Drug Dealing in Fashington, D.C. (Santa
Menica, California: Rand Corporation, 1990, Rand Publication R-38M-RF, p. £1.
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APPENDIX 3
DRUG PRICES

Several sources repori prices paid for illegal drugs.' The problem with those sources, for present
purposes, 15 that they repon prices as broad ranges, unsuitable for the caloulations used in this repon.

Recent studies provide a method for estimating prices within a narrower range.” Basically, this
methodology is to estimate the price paid during market transactions {completed by police as undercover
agents, and hence reported to a data spurce) using regression aralysis to control for the quantity and
quality {purity is the measure of qeality) of drugs sold. Results from the regression are then used to
estimate the price paid on average at a given time and place for a given quantity and quality of drugs.

tor this repert, we analyzed data from the System to Retrieve Drug Evidence {STRIDE), which
were available from Janvary 1981 through June 1994, The data and our basic approach are described
elsewhere.” We have updated that method for present purposes, and we will report fill results at a later
date.

One problem when using regression analysis to estimale illicit drug prices is that the typical
gueanlity and gquality of drug entering a retail transaction is unknown. As others have noted,” retail
transactions take so many forms that an average retail price is hard to identify. Neventheless, the
calculations used in this report requited one.

We used this approach: Let P = F(Am, Pu) be a functional representation of the relationship
between price paid (F) and the amount (Am) and purity (Pu} of drugs purchased. This functional
relationship was determined by regression analysis as explained earlier,

! For example: Drug Enforeement Administration, Megal Drug PricesPuriy Roport Dnited States:  Januory [990-
December 1993, April 19%4; National Institule on Drag Abuse, Epidemiolagic Trends in Drug Abtse, Volume 1l Procesdiags,
Tupe 1954,

* 4. Brown and L. Silvermen, The Retail Price of Heroin:  Estimation and Applications,” Journal of the dAmerican
Sratistica! Asyociation, 69, no. 347 (1574):5935-606; 1. Caulkins and B, Padman, "Quantity Discounts and Crualicy Premia for Diieit
DVrops,” Jowrnal af the American Statistical Assecigtion 8, no. 423 (19947:748-37, W Bhodes, B, Tivatt and P, Schetman, "The
Frive of Coraine, Heroin and Marjuana, 1981-1993" The fowrmal of Drug Sriver, 24, noo 3 {1994):383-402; J. Caulkins,
Developing Frice Series for Cocoine, ME-317-DPRL {Santa Monica, CA, Band).

! W. Rhodes, R. Hyartt and P. Scheiman, "The Frice of Cocaine, Heroin and Marijuans, 1981-1993" Thw Sournal of Dvug
fzsies, 24 no. 3 (1994} 383-4032.

), Caulkins, "What is the Average Price of An Ilicit Drup? ddefiction, 89, no. 7 (July 194): pp. 315-19.
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Let 3D represent the average dollar amount that a hardeore drup user spends per week on illicit
drugs. This number was reported in Table 2 of the main report. Setring Pu equal to the averape purity
of drugs seld at the retail level, and assuming that the user buys drugs once per week, the typical amount
of drugs in a werkly purchase must be the solution to the equation:

D = AmF{Am, Pu}
If Am* is the soiution to this equation, ther one estimate of retat] prices is F{Am*, Pu),

Similarly, assuming that the user buys drugs at T scparate times during the week, the purchase
amount must be the solution to the equation

$D = T-Am-FlAm. Pu}
If Am** is the solution te this equation, another estimate of retail price is F{Am**, Pu}.

Mow, if lew hardcore users buy drugs less frequently than once per week, and if few heavy users
buy drugs more freguently than T times per week, then F{Am*, Pu} and F(Am**, Pu} provide low and
high prices, respestively. They are reporied as such in the mam teat.

This price range does not encompass alb prices paid at retajl.  Many hardeore drug users
undoubtediv pay much more. Gthers probably pay much less, These limits are intended to encompass
the price that is typically paid at retail. That is, it is & range that scems likely to include the price that
hardcore drag vsers pay on average for retail-level drug transactions. Prices are reporied in Table 3 of
the main report.
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APPENDIX 4
IMPUTATIONS FOR MISSING DATA ON MARIJUANA USE

Calcwlations of the amount of manijuana used by household members was straightforward. We
multiplied the number of marijuana users per manth, by the average number of joints smoked per user,
by the average weight of a joint. The result was then multiplied by mwelve months to give a year's
estimate. The principal problems when making this caleulation are dealing with missing data and with
responses Lhat represent a range. The lafler presents a problem because the ranges are not suitable for our
calculations. Because the Substance Abuse and Mental Health Services Administration had alrcady
imputed responses when there was missing data about recent use, this was not z prohlem. This appendix
explains how we Imputed responses when gither the number of joints smoked or the amount of martjuana
smoked were missing or were reported as a range.

Imputing the Number of Joints Smoked

From the National Household Servey for 1991, analysts selegted respondents who said they used
marijuana in the past month and who gave valid responses to three rolated questions, The first questlion
was the number of days they smoked marjjuana in the past manth (DAY S). Valid responses were 1-30
days. The second guestion was the number of marijuana cigarettes smoked per day in the past monih
(JOINTS). From the responses to these two questions, analysts created a variable

TOTAL JOINTS = DAYS*JOINTS.

The third question was the amount of marijuana used during the last month (AMOUNT). This is
exactly the question that the analysts sought to answer, but the AMDITNT question was not directly useful
for this purpose because it was specified as a range. The acceptable answers ¢ AMOUNT were:

1-10 joints
11-20 joints
| ounee

2 oonces
3-4 gunces
5-6 punces

The analysts' problem was to infer the amount of marijuana vsed by people who satd they vsed marijuana
in the last month bascd on the variables TOTAL JOINTS and AMOUNT.

As shor-hand, let J represent TOTAL JOINTS, let A represent AMOUNT, and let ¥ equal the
weight of marijuana used in ocunces. The anzlysts wanted to estimate B
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MNow, ¥ is unknown, hut it might be represented as:

W =it +¢ (1]

where A ts the weight per joint and € is a random error term, which will be discussed below, Equation
[1] zays that, on average, a person who smokes J joints will use B ounces of marijuana, because A is the
average weiglht of a single joint. Of course, some people who smoke J joints use a little less; some use
a little more. This variation about what is typical is reflected in the term 2.

Assume thal £ is distributed normally with a mean of zero, a standard deviation of o, and that
the error terms are independently and identically distributed. It turns out that these assumptions about the
distribution of £ are hard 10 justify, and alternative assumptions are adopted later. However, this simpie,
if somewhat unrealistic, specification is useful for explaining the approach.

Although ¥ is unknown to the analysts, it is known to the respondent, and by assumption the
value of W determines the respondent's answer for AMOUNT. Specifically, the respondent will say that
he used

I-10 foints when W < e,
10-20 joints when w, < WS,
| punce when w, < <15
2 nunces when | S< <25
3-4 ounces when 25 =W =45
S-6 punces when 45 < W

The logic here is that the respondent will select the usage category that most closely describes his use,
afthough it seems reasonable to suppose that he makes crrors when making this translation. Two terms
are unknown, o, and o, The first, <,, is presumably the weight of 10.5 joints. The second is harder to
imerpret, bot =, is some value that distinguishes the response "10 to 20" joints from "1 ounce,” at least
in the eyes of the respondent.

There are four parameters to be estimated here: A, o, «, and o, These parameters can be
estimated by maximum likelihood once a probability lias been assigned to every response. Specifically,

N o, Pod
Fo=P (10 jointsy =&
o
i . x, ]
P, =P (1120 joints} =i — - P

P, =P {1 punce) =D [H] -P, - P,
a
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P, =F (2 vunves) =& [M] -P, -P, -P
a x4

4

P, =P (34 ounces) =@[M] -F, -P,-P, -P
o

Po =P (50 ountces wr more) =1 -P -P, -FP -P -P

where @ i= the standard normal distribution fonction.

This approach is similar to an ordered probit model. There is an important difference batwecn this
approach and a traditional probit model, however. Specifically, the threshold values of 1.3, 2.5, and 4.5
are known althouph o, and o, are unknown. This allows the parameter o to be identified and estrmated.
In turn, this allows A to be identified and interpreted as the weight of 4 marijuana cigarette.

One further extension is (o assume that:

* =105

That is, the parameter o, equals the weight of 10.5 joints, because the weight of 10.5 joints is the
threshold value between the responses "1-10 joints" and "11-20 joints." There are only three remaining
parameters to estimate: o, A, and ©.

As stated, this model is an unacceptable representation of the relationship between the number of
Joints smoked and the amount of marijuana smoked. A mere cunvincing model 1s;

Hr’r{i +tE ) +E = A +.Jg, +g =0t +E, (2]

‘This impiies that the average joint weighs & ounces, but that ihe weight varies across users. This variation
is represented by the distribetion of ;. The madel would be complete once the distribution of g, is
specilied.

The distribution of €, has to satisfy some a priori constraints. First, W must be positive, so g, has
a lower limit that depends on AJ. Sceond, the distribution of £, should account for an apparcat upward
skew:inspection of the data shows that some users scem 10 use much more than the average amount of
marijuana, but nobody can use much iess because zero iz a lower limit. Third, the error term is
 heteroscedastic,

A new specilication is more useful, given these a priori constraints:
where g, — W(y,o). Here, ) has a lognormal distribution, and thus 2.7 is always positive and A is skewed
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W =)J =¢oF {3]

£ (:"'.} - epﬂ.f)n’ [4]
upward. In this specification:
VAR (M) =e¥< (e™ ) (3]

Taking logarithms on both sides of [3], we have

InW =InJ +g, 6]

InW¥ =TS +p +g, (7]

where g, -~ N(0,c). As with the earlier, Iess realistic model, the parameters can be estimated wsing
maximum likelihood. A simple extension is to let w = B, + 3,)/100. The "100" is just a scale factor that
has no elfect on analysis. This specification allows frequent smokers to smoke larger or smaller joints than
average smokers,

The most important cstimate is E(X), the average weight of a marijuana cigaretle. An estimate of
W, then, is:

W= EOM

This tells us that if a respondent says he smoked Jf joints during the month (TOTAL JOINTS), then E(A)
is the best estimate of the quantity (in ocunces) of marijuana smoked.

Table Ad-} presents parameter estimates based on an analysis of 1623 smokers who reported

DAYS, JOINTS, and AMOUNT. Before estimating these parameters, the analysts changed some of the
dala,
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TABLE A4-1

Regressicns Resulls: The Tolal Amount of
Marijuana Smoked in the Fast Month

Parametor Standard

Parameter Estimala Errgr Probabilify
5. -4.95 .24 D000
5, 043 o1 0000
I 1.50 0.39 00
o 1.08 0013 0000

Source: NH3DA 1991

Before calculating TOTAL JOINTS, responses of more than 30 for JOINTS (number of marijuana
ciparettes smoked per day in the past month) were truncated to 30, These extreme responses represented
only about 0.1% of the lotal number of monthiy users.

Afler calculating TOTAL JOINTS, analysts compared TOTAL JOINTS with AMOUNT and
corrected for extreme inconsistenciss between {or highly unlikely combinations of) the bwo variables. IF
JOINTS >= 100 and AMOUNT <= 20 joints or if JOINTS >= 200 and AMOUNT <= 2 ounces, then
analysts assumed that the respondents had mistakenly given the 1otal number of joints they had smoked
in the past month for the question on FOINTS {number of marijuana cigarettes smoked per day in the past
month). For these respandents, analysts treated JOINTS as TOTAL JOINTS in calculating the quantity
estirmates.

Raesults from the analysis imply that 4 person who smokes | joint por month uses 0.013 ounces
{037 grams per joint) of marjjuana. A person whe smokes thirty joints per month uses 0.4 ounces (.38
grams per joint) of marijuana, A person who smokes 120 joints per month uses 1.79 ounces (0,45 frams
per joint) of marijuana. Applying the parameter cstimales {rom Table A4-1, Tiquation [7] was then used
to compute the average weight per joiat (WiJ) for every respondent in each year of the NITSDA. Resuls,
which appear in Table 6 of the main repor, are used in the calculations reported in the bady of this report.
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Imputing Joints

A related problem is that the variable JOINTS was sometimes missing. We could neot just
substitute the average tesponse when JOINTS were known, because those with missing data seemed 10
have different usage patterns from those who did not have missing data. Instead, we estimated regressions
where JOINTS was the dependent variable and MIFREQ was the independent vatriable, MIFREQ is
"frequency used marijuana in the past 12 months." We vsed results from these regressions to impute
responses when JOINTS was missing.

MIFREC() is coded:

-~ several times a day;

- daily;

- glmost daily (3 to 6 days a week);

- 1 or 2 times a week;

several times a month (about 25 10 51 days a year);
- 1 or 2 times a mounth (12 to 24 days a year);

- every other month or so (6 to 11 days a year),

- 310 5 days in the past 12 months,

-- 1 or 2 days in the past 12 months.

=R - R L N S
1
I

We treated this variable as a continuous measure. To capture nontincarities, we added an additional
independent variable MIFREQ® = MITREQ - MIFREQ.

The regression had two special features. The first was that the respondent could have said that he
used zero joints during the month before the interview. Afier all, marijuana use during the year (MITREQ)

does not imply matijuana use during the month belore the survey (JOINTS). To take this special feature
into account, the regression specification was wiitten:

Z -a, +a, MIFREQ +a, MIFREQ? +=
JOINTS = Z when Z 2 0
JOINTS = 1) otherwise

whete
g~ MN{0,a}

o=+ BE

Note that in this specilication the error term is heteroscedastic and a linear function of the underlying
latent variable Z.



Table A4-2 shows regression results.

—_— ), e ———

TABLE A4-2

Regression Results: The Average Number of
Joinis Smoked in the Past Month

Made( 1 Mogdel 2

Paramedar Parameter Parameter
Estimalg Prokability Estimale Probability
o, 81.23 0.00 12.82 0.05
o, -20.64 0.00 -1.42 0.24
o, 1.30 £.00 -0.07 0.30
Iy 1215 0.00 2030 0.00
B, 0.43 .00 218 0.05

| 1418 180

Source; NHSDw 19581

The table shows two regressions. Mode] 1 was estimated for the 1418 respondents who reported
use of marijuana it the 1991 NHSDA survey. Model 2 was estimated for the 190 respondents whose use
of marijuana was impuled by SAMHSA. We estimated two separate models because specilication testing
showed that estimates based on the 1,415 cases did not work well for the 190 ¢cases and vice versa,

The regressions overpredict slightly. Based on the 1,418 cases, the regressions predict 23.4 joints
on averape per month. In reality, respendents said they vsed an average of 21.6 joints per month, For the
190 cases, the prediction was 10.7 joints on average per month and the actual was 8.5 joints. Because
these predictions were only used when responses were missing for the variable JOINTS, we considered
them t0 be close enough for our purposes.
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