What America’s Users Spend
on

Illegal Drugs: 2000-2010

February 2014




What America’s Users Spend
on
Illegal Drugs: 2000-2010

Prepared for:
Office of National Drug Control Policy
Office of Research and Data Analysis
Under HHS contract number: HHSP23320095649WC
Contract Officer Representative: Michael Cala, PhD

Prepared by:
RAND Corporation
1776 Main Street
Santa Monica, CA 90401-3297
B. Kilmer, S. Everingham, J. Caulkins, G. Midgette,
R. Pacula, P. Reuter, R. Burns, B. Han, R. Lundberg

February 2014



Table of Contents

K o) ] o] [T TaTe B T d T T SRS v
ADDIEVIALIONS ...ttt et sttt sh et r et e eb e bt sr e e s b e er e e e e eaee 1
EXECULIVE SUMIMIAIY ..eiiiiiiii ittt ettt e e e e e s sttt e e eeees s aatabeaeeeeseeeessaaaaansbaataaeeeessnnssssasaaeaessannsnnnnn 3
1. Ilicit Drug Market EStIMAtion ......cccuuieiiiiiiiis ittt st e e s sree s s s satee s s s araeaanaes 7
0%t S 114 { o To [V o1 { o o [F PO O O PP PO U UTOUPUPPOPPOPON 7
1.2. Drug Market Estimation Strat@gies.....ccviiiiiiiiiiiiiiiee e e 8
1.2.1. Supply-Side EStimation Strategies ....cciiuuiiiiiiiiiee ittt e e s ssare e 8
1.2.2. Demand-Side Estimation Strategies......ccuiiiiiciiieiiiiie et e e 9
1.2.3. Which Strategy Should be Used for Which Drugs?........cccvvieeiiieeiiiieee e eeveeee e 9
1.3.  How This Report Contributes to the Science of lllicit Drug Market Estimation.................... 11
2. Estimating the Number of Chronic Cocaine, Heroin, and Methamphetamine Users ........cccccceueenne. 15
B8 I [0 o To [0 o1 i o T o WSSOSO TP O PP PRRPROPRO 15
B 2 |V, =1 d g Yoo [o] [o = USSPt 15

2.2.1. Steps 1-4: National Total of Adult Male Arrest Events Involving Someone Who Would Test
POSTEIVE ..ttt et e e ae e e ba e e e s bae e e e ear et e e e b e e e s snreees 16

2.2.2. Steps 5-8: Moving From Predicted Positive Tests to the National Number of Chronic Drug

U SSBIS aeitiitieteeeee e ettt ettt e e e e e sttt te ettt aeeeees e s bbbt e teeeeeesaa e b b et aeeeeee e sa bt b baateeaeeeeeaa e atbbeaeeeeeee e ntnraeeaees 18
B TR T L £ PPPRON 20
0 B0t B 0o Tor- 1] [ T OO ST P O PP PPN 20
R B o =1 ¢ o1 o VOO SOOI T PP P PP 23
W T TR \V/ =1 d o F= 0 Y o] a =l = 1 0 1 =TT 26

3. Expenditures on Cocaine, Heroin, and Methamphetamineg ........ccccceieiiieiiiiiiii e 30
700 N 4 e Yo [T [ o ISR 30
R I A |V =1 d g T o [o] [o =V PSP 30
3.2.1. Steps 1-3: Estimating Average Monthly Spending by User TYpe.....cccocceeviviirveericcineeininnne 31
3.2.2. Steps 4-6: Estimating Average Monthly Spending by User TYPe......cccoccvvveeecrveeeeccnveeeiennnne 33
TR T (L U TSP 34
G 0t I 0 Tor- 1] [ O ST P PP PP PPN 34
R T & =1 o [ o P T P PR UP PP 35
3.3.3 Methamphetamine ......cci i e s e e s e e e s aae e e s aneas 37

4. Estimating Cocaine, Heroin, and Methamphetamine Consumption........ccccceeevveeeeviieeesecceee e, 39

0 O [ 0 {0 Yo [ ot of o IR USRS 39



L0y Y/ 114 VoY [o] Lo =4V ZN PRI 39

4.2.1. Generating the NUMEIAtOr ......c.ccciei ittt e st e e re e e e et bree s ssnree s senraaeeeanns 39
4.2.2. Generating the DeNOMINGLOr.........ovii it errre e e e e e e e esaree s searraeeeans 40
. TR =YW USRS 42
G B I 0o Tor- 1| o 1= PO PO P PRSP P PP PPPRRTPPPRN 42
T B o 1= {0 T [ o TP PO PPV P PP PPPRRTPPPRPR 44
4.3.3. Methamphetamine .......ceiiiiiieeccee et e e e s e sbe e e s ssbeee s ssabaeeaeans 44
TR V(- T 1 LU 1o - 1
L3 I 1Y e Yo [V d o o ISP PRSPt 46
I A |V =1 d g o [o] [o - PRSPt 46
5.2, 0. MAriJUANA USEIS niiiiiiiiieeieeeeeiittt et et e sttt eeee e s s sttt eeeeeeaeea s essaassbtaeeeeeessnanssnsseaaees 47
5.2.1.1. Prevalence Estimates from NSDUH .........ccccoiiiiiiiieiiiececeee et 47
5.2.1.2. Addressing Misreporting in NSDUH .......c.uviiiiiiiiiiniiiees et ssree s esie e s sae e s 48
5.2.2. Marijuana CoONSUMPTION .....uuiiiiiieiiieiiiiiiiiiieteeeeeee sttt et e e s esssaasbreateeeeesaesessssssssensaeeeesssnssnsnns 50
5.2.2.1. NSDUH Past-MONth USE DaYS....ccccciuuiiiiiiiiiiiiniiiiessiiieeessieeesssieeesssneessssssrnesssssssessssnses 50
5.2.2.2. Amount of Marijuana Consumed Per DAy .......ccccceeiieeeeieieiiie e etee e eveesree e ser e e 51
5.3.2.3. Modes of Consumption and SNariNg ..........cccceeeiiiieiieieciecccee et e 51
5.2.2.4. The Household Survey-Supply Consumption Gap ......cceceeecvveeeeeciieeesiiieeeescieeeeenveeaeeeeennes 52
5.2.3. Marijuana EXPenditUres.......occuiiiiiiiiiecieiietcesiieee st e s e s st e e sbaa e e ssaaeeesnaeees 52
5.2.3.1. Price per Gram Of MariJUaNa .......cccouveeiieiiieieeiiieeeeciieee e eiieeeeeetrae e sereee e snnnaeessnneeesennsnas 53
5.2.3.2. Trends in Marijuana POTENCY ....uiiiiiiiiiiiciieiecciitee ettt srne e s e e s 53
TR T (L U TSRS 55
5.3.1. Marijuana User Estimates and Adjusted Marijuana User Estimates.......ccccccccveviecviveeinnnns 55
5.3.2. Marijuana Consumption Estimates and Adjusted Marijuana Consumption Estimates...... 57
5.3.3. Marijuana Expenditure Estimates, Ignoring Potency Trends........cccccovvveeieiiieeenicineenceenns 58
5.3.4. Marijuana Expenditure Estimates, Accounting for Potency Trends.........ccccceevveeeecvveeerinnnes 60
5.4. Comparison With Previous EStIMAtes .......cccvieiiiiiiei ittt e e e saree e eenrae e e 62
(S 2o Ve [ U= U LY TSRO UPN
ST I 4 e Yo [Tt [ o ISR 66

6.2. Methodology and RESUILS .....cccciieieiiciie ettt e et e e e s stre e e e e saaee e s snaeeeeenneaeeennes 66



6.2.1. Results from the National Survey on Drug Use and Health..........cccccoovvieiiiiieieecciieeccees 66

6.2.2. Results from the Arrestee Drug Abuse Monitoring Program .........ccccceecveeviieeeceeescveeeennn. 67
L TR DT o{U 1Yo o FO PO PSP T TP PPPRRRPPPPPRORY 71
7. Comparing Drug Consumption Estimates with Supply INdicators ........ccccceveeiiiiiee e 73
% R O Tor- 11 [ TR PP PP PP PUPPPPRRRPIRt 74
7.1.1. U.S. Estimates of Colombian Cocaine Production ........ccccceeevieieiiiinien e e 74
7.1.2. EStimates Of COCAING SEIZUIES.....cciviiiriieeiieerieeceeecie e st s ste e st e e s e e e seaeeeeaeesabeesreeensreesnneean 75
7.1.3. Interagency Assessment of Cocaine Movement (IACM) .....cceooveevieeeieieeieeeeiree e ens 76
7.1.3.1. Colombian Potential Production...........cocceeiriiiiieincie et 77
7.1.3.2. U.S. CONSUMPLION ..utiiiiieieiieieiiietitieee e e e eeesaeeeeeeeeaesessaantrteeeeeesaeasass e snsssseesaeeessessssnssnnneens 78
7.1.3.3. Cocaine Departing South America for the United States .........cccceevvvieeiecciieeeeccieeeceens 79
7.1.4. Comparison with Consumption EStIMates........cccvveeeiiiiieeiiciiie e e 81
A & 1= oY1 o OO TP PP PP PUPPPPRRRRRPRt 82
7.2.1. Heroin Production in Colombia and MEeXICO ......cuuieiiiiieiiiiiiieecciie e criiee s esvee e e saeee s 84
7.2.2. HEIOIN SEIZUIES o uitie ittt eeetiee e ettt ettt e et te e sttt e e s st tte e e s b baees e esssbteaesasbbeeesssseeesenseeesannes 86
7.2.3. Comparison with Consumption EStiMates.........cccueeeiiiiieeiiciiie e 87
7.3, MeEethampPetamine .. ..uii i s e e e s st be e e e sabbeee s sabeeeseabeeeeenn 87
7.3.1. Methamphetamine Production in the United States .....ccccecvivivviiieiiiieei e 88
7.3.2. Methamphetamine Produced or Transported through MeXiCo......cc.cccceevviviiieniciieeeiiinnns 90
7.3.3. Comparisons with Consumption EStimates .......ccccceviiiieeiiiiiii s 93
A Y T o T [V F- Lo - IO OO PP P PP PP UPPPPRRRRRRRY 94
7.4.1. Marijuana Production in the United States .......ccveeiiiiieiiiiiii e 94
7.4.2. Marijuana Production in IMEXICO.......cuueeiiecuieieeciieee e e e ereee e eeiree e sree e e enaraeeseaeeeeenneas 98
7.4.3. Comparison with Consumption EStimMates.......ccccuveeiiiiiieiiiiiieiciiie e ee s 100
/S TR D[ o{U 1Y (o o OO PPPOPPPPRRPPPPPPRINS 101
S I @] ool (1] o o 13U PPN 103

23] o[ Te =4 =T o] o |V USRS UPUPPPTROE 106



List of Tables and Figures

Table S.1. Retail expenditures oniillicit drugs, 2000-2010.......cccueiiiiiiieieiiiieeeiiiieee e srireeesssree e s ssreeeeenene 4
Table S.2. Chronic drug users (4+ days in the past MONtN) .....ceecceieiiiiieiiieceecee e 5
Table S.3. Consumption of illicit drugs, 2000-2010 ........cccvveeeiiirieeeiiieeeeeirreeeeireeeessrreeeserraeeesessneeeeennns 5
Table 2.1. Covariates used to predict drug prevalence rates .......ccccoccveeeecieeececiiee s e e e 17
Table 2.2. Estimating the number of chronic hard drug USErs .........cccvvieeciieecciiiee e 19
Table 2.3. Millions of chronic cocaine users by frequency, 2000-2010.........ccccecvvveeeeeieeeeeervereeeeieneenn. 23
Table 2.4. Millions of chronic heroin users by frequency, 2000—2010..........ccceeevveererieeeeeervreeeeeieneennn 25
Table 2.5. Millions of chronic methamphetamine users by frequency, 2000—2010.........ccccceeeevveeennee 29
Table 3.1. Average monthly cocaine eXpenditures......cccoocieiiiiiiieiiiiiieis e 32
Table 3.2. Average monthly heroin eXpenditures .........cccveveeeiieeii e e 32
Table 3.3. Average monthly methamphetamine expenditures.........ccccceeecvveeeeicieeeciiiee e, 33
Table 4.1. Pure gram price evaluation levels for each drug ......cccceeveeveieiciiie e, 41
Table 4.2. Price per pure gram at our preferred evaluation [evels.........cccccuveeeeciiieeiiiee e, 42
Table 4.3. Comparing cocaine consumption estimates for 2006 ..........cccccvvveeeeiiieeeiiiieeeeecviree e e, 43
Table 5.1. Number of marijuana users, by intensity of US€.......ccccceveeceieiiieccee e, 47
Table 5.2. Summary of marijuana expenditure reSUILS........cccccvveeieieccieiecee e 61
Table 6.1. Extent of polydrug use reported in ADAM-| .......coccuieeiiiecieeecee ettt 68

Table 6.2. ADAM-I| data suggest that the number of hard drug CDUs is approximately 7/8" as

large as t.he naive estimate obtained by summing the numbers who use each drug chronically ...... 69
Table 6.3. Contrasting polydrug use in ADAM-II counties in 2000-2003 vs. 2007-2010 .........ccecvveeennee 70
Table 6.4. Proportion of days of use of drug x consumed by people who report using other

hard drugs < 4 days per month, 4-20 days, or 21+ days in the past month ........c...cccoeveveeeceeeecreeennen. 70
Table 7.1. Consumption of illicit drugs, 2000-2010 .......cccccueeeeeiieeeeiiieeeeecireeeeeree e e e erreeeeearaaeesraeeens 73
Table 7.2. DASC estimates of domestically produced marijuana potentially available in the

UNTted States (IN METIIC TONS) .uiiiiiiiiieeeieeiee ettt ettt e et e e e ste e e e etabeeeeetbeeeeseeessbeeeeessbeeeessnseessnsseeeesnes 96

Table 7.3. Marijuana seized in the NSS.......oo e e s saree s 100



Figure 2.1. Estimates of chronic cocaine users, 2000-2010..........ccccvureeiiiireeeriireeeeeiireeeeesrreeeeeeraeeeenns 21

Figure 2.2. Comparison of indexed national cocaine use series, 2000-2010 ..........ccccvveeeicveeeerccrveeeens 22
Figure 2.3. Estimates of chronic heroin users, 2000-2010 ..........ccccccveeeiiiiieeeiiiieeeecrre e e e errreeeeereeeeeaes 23
Figure 2.4. Comparison of indexed national heroin use series, 2000-2010 .........c.ccccvvveeriicveeeeeecveeennns 25
Figure 2.5. Estimates of chronic methamphetamine users, 2000-2010.........cccccvveevieeereeeecreeesrneeeieneens 27
Figure 2.6. Comparison of indexed national methamphetamine use series, 2000-2010..................... 28
Figure 3.1. Cocaine expenditure estimates, 2000-2010 .........ccceeeeeiirreeeeiirieeeeiirreeeeerrrre e e e esrreeeeearaeeenans 34
Figure 3.2. Cocaine expenditures by user type, 2000-2010 .........ccccvreeeiiiieeeiiiieeeeiireeeesscreeeeeeraeeenans 35
Figure 3.3. Heroin expenditure estimates, 2000-2010.........cccccueeeeiirreeeriiireeeeiirreeesrirrreeeeesrreeeesenraeesnnes 36
Figure 3.4. Heroin expenditures by user type, 2000-2010 .........cceeeivreeiiirireeeiireeeeeirrreeeeesrnreeeseenrneesenns 36
Figure 3.5. Meth expenditures, 2000-2010 .......ccoiiiiiieiiiiiieeeiiieeeeeiieeeesirreesssreee s e ssbaeeessaeeesesseeesannns 37
Figure 3.6. Methamphetamine expenditures by user type, 2000-2010..........ccccererrirreeeriiveeesiisveeenn 38
Figure 4.1. Cocaine consumption, 2000-2010 .....ccceiiriiiiiiietieeerereeiiiiiieeeeeeseessinrrerrrreeeeesssssssssseeeeens 43
Figure 4.2. Heroin consumption, 2000-2000 ......cccettiiiiiiiirieeeeeereneeiiiiiieeeeeesesssssnressseeeeeeeesssssssnsseesees 44
Figure 4.3. Methamphetamine CONSUMPLION ....ccoiciiiiiiiiiiie e seee e 45
Figure 5.1. Two estimates of marijuana past-30-day USEIS........cccceeeeiererieeenireeesieeeereeseeeeseeesveesennens 49
Figure 5.2. Total annual Marijuana USE dAYS .....ciiicuiieiiiiiieiiiiieee et ee e siree s ssteee e s s siaee e ssieee s ssbeaessnans 50
Figure 5.3. Number of marijuana users from NSDUH, by intensity of US€ .......ccccceecvvieeviiieeiiiccieeeene 56
Figure 5.4. Population-adjusted estimates of marijuana users by user category ........cccceevveeevccvveeeenne 57
Figure 5.5. Estimates of marijuana consumption, 2000-2010.........cceeeeeirreeeiieeeeeeiiieeeesrnreeeeeereeeeens 58
Figure 5.6. Estimates of marijuana expenditures, 2000-2010..........ccccererveeecreeerieeeiee e e erreeevee e 59
Figure 5.7. Middle estimate of marijuana expenditures by user category.........ccccevvrevvreeceeeccneeccnnenn, 60
Figure 5.8. Two different user responses to changing Potency.......ccccvevieeecieccieecie e, 61
Figure 5.9. Variation in expenditure trends, conditional price elasticity of demand.........c.ccccccuvveeen. 62
Figure 5.10. Past-month Marijuana USEIS......c..ueiiecuiieeiiiieeeeccieeeeecreeeesiveee s seteeeesesnsaeeesnnseessnssseeesnnns 63
Figure 5.11. Marijuana expenditures, 2000-2010 ........cccciueeeeiieeeeeiireeeeiireeeeiitreeeeerreseeeesareeeensnraeesnnes 64
Figure 5.12. Marijuana consumption, 2000-2010 .........ccccuiiiieeereee e e e e e eeerereeeree e e e e e e e neeeeeeas 65
Figure 6.1. Number of chronic users of cocaine, heroin, and meth based on the NSDUH .................. 67

Figure 6.2. Overlap among ADAM respondents using cocaine/crack, heroin, or meth 4+ times

[ T<T g 10T 0 o 1SRN 69
Figure 7.1. Colombia trends in coca cultivation, eradication, and cocaine

[o]geTo [¥TordToT P A 010 [0 A 0 ) O ISR PPPUPPTON 75
Figure 7.2. Cocaine seizures from the Southwest border, the rest of the US and at-sea, 2000-2010.76

Figure 7.3. Estimates from Cocaine Smuggling in Year 2010 ...........ccoeeceeeecieeeceeecieeecieeeceeessveeeineen 77



Figure 7.4. Estimates of cocaine flow from Cocaine Smuggling in Year 2007 ..............ccccevueeeecueeannns 80

Figure 7.5. Estimates of cocaine flow from Cocaine Smuggling in Year 2009................ccccoueeeecuveeennns 81
Figure 7.6. Source of heroin seizures in the US, 1977-2010.........cccciuiieiiiiiieeeiiiieeeecireee e ecveeeeeraee e 82
Figure 7.7. Source of Domestic Monitor Program (DMP) purchases, 1990-2010 .........cccceevveeerveennnenen. 83
Figure 7.8. Estimated heroin production in Colombia, 1999-2010 .......cccccceviiriiiienniiieeeniiiee e esciiee e 85
Figure 7.9. Heroin seizures 2001-2010, Southwest border and elsewhere.........ccccccviviiiiiieiiiicieennnn. 87
Figure 7.10. Methamphetamine lab seizures in the U.S., 2000-2010 ......ccceeevivieeeecireeeerciieeeeeevieeeens 90
Figure 7.11. Methamphetamine lab seizures in Mexico, 2000-2010 .......c..ceeevereeeeecrreeeeiireeeeeeciveeeens 91
Figure 7.12. Methamphetamines seized in Mexico, 2000-2010 ........ccccecvveeeerereeeeiireeeesrree e e eeeieeeeeans 92
Figure 7.13. Methamphetamines seized at the Southwest border of the U.S., 2000-2010................. 92
Figure 7.14. Price per pure gram of methamphetamine, 2000-2010.........cccceeerveeercieeeceeesceeecreeeineens 93

Figure 7.15. Plants eradicated as part of the DEA’s Domestic Cannabis Eradication/Suppression
(o= { - [0 T o VA V=T | O TP PPR SRRt 98
Figure 7.16. Estimates of marijuana cultivation in Mexico, 1991-2010 ........ccceeevvveecireeiieeeieeeeeee e, 99

Figure 7.17. Marijuana seizures, consumption, estimated seizure rate, 2002-2010 ..........ccceeerruneenn. 101



Abbreviations

ADAM Arrestee Drug Abuse Monitoring Program

ADAM-I| Arrestee Drug Abuse Monitoring Program, ended in 2003
ADAM-II Arrestee Drug Abuse Monitoring Program, 2007-10
CCcDB Consolidated Counterdrug Database

CDC U.S. Centers for Disease Control and Prevention
Cbu chronic drug user

CMEA Combat Methamphetamine Epidemic Act of 2005
CNC Crime and Narcotics Center

DASC Drug Availability Steering Committee

DAWN Drug Abuse Warning Network

DEA U.S. Drug Enforcement Agency

DMP Domestic Monitoring Program

DSL Domestic Super Lab

DTO drug trafficking organizations

EQ export quality

E/P ephedrine/pseudoephedrine

EPH ephedrine

FBI Federal Bureau of Investigation

HSP Heroin Signature Program

IACM Interagency Assessment of Cocaine Movement

INCSR International Narcotics Control Strategy Report



JIATF

MT

MTF

NESARC

NHSDA

NSDUH

NSS

N-SSATS

ONDCP

P2P

PSE

SAMHSA

STL

STRIDE

TEDS

THC

UCR

UNODC

Joint Interagency Task Force

metric ton

Monitoring the Future

U.S. National Epidemiologic Survey on Alcohol and Related Conditions
National Household Survey on Drug Abuse

National Survey on Drug Use and Health

National Seizure System

National Survey of Substance Abuse Treatment Services

U.S. White House Office of National Drug Control Policy
phenyl-2-propanone method

pseudoephedrine

Substance Abuse and Mental Health Services Administration
Small Toxic Lab

System to Retrieve Information from Drug Evidence
Treatment Episode Daily System

tetrahydrocannabinol

Uniform Crime Reports

United Nations Office on Drugs and Crime



Executive Summary

A sense of scale is a prerequisite to thinking sensibly about illicit drug markets. For example, knowing
whether a country consumes tens, hundreds, or thousands of metric tons (MTs) of a prohibited
substance is critical for understanding the impact of a three-MT seizure at a border crossing. But
decisionmakers need more than a sense of scale; they also need figures with enough precision to be

able to determine whether the markets have become larger or smaller over time.

In January 2012, the U.S. White House Office of National Drug Control Policy (ONDCP) asked RAND
to generate national estimates of the total number of users, total expenditures, and total
consumption for four illicit drugs from 2000 to 2010: cocaine (including crack), heroin, marijuana,

and methamphetamine (or meth). This report explains our methodology and presents our results.
Among our main findings:

e Drug users in the United States spend on the order of $100 billion annually on cocaine,
heroin, marijuana, and meth. While this total figure has been stable over the decade, there
have been important compositional shifts. In 2000, much more money was spent on cocaine
than marijuana; in 2010 the opposite was true.

e From 2002 to 2010, the amount of marijuana consumed in the United States likely increased
by about 40 percent while the amount of cocaine consumed in the United States decreased
by about 50 percent. These figures are consistent with supply-side indicators, such as
seizures and production estimates.

e Heroin consumption remained fairly stable throughout the decade, although there is some
evidence of an increase in the later years. Most of the heroin consumed in the United States
comes from poppies grown in Colombia and Mexico, but data deficiencies surrounding
associated production figures from 2005 to 2010 make comparisons difficult. There was a
steady increase in the amount of heroin seized within the United States and at the
southwest border from 2007 through 2010.

e Methamphetamine estimates are subject to the greatest uncertainty because national
datasets do not do a good job of capturing its use. Three particular challenges were that the
Arrestee Drug Abuse Monitoring Program (ADAM-I) was discontinued in 2003, just before
meth use was believed to be at its peak (2004-2006); ADAM-II did not start until 2007
(2007-2010) and it covers very few counties with substantial meth use; and the National
Survey on Drug Use and Health (NSDUH) changed how it asked about meth use in 2007.
While multiple indicators are consistent with an increasing trend in meth consumption over
the first half of the decade and a subsequent decline through 2008, there is not comparable



agreement as to the level. Further, we suggest that the most defensible position concerning
trends from 2008 to 2010 is simply to admit the data are insufficient to provide clear
guidance.

e Forall of the drugs, total consumption and expenditures are driven by the minority of heavy
users, who consume on 21 or more days each month.

Tables S.1.-S.3. present estimates of retail expenditures, chronic drug users (CDUs), and weight
consumed, respectively. We present middle, lower, and higher estimates, as well as the figures
published in the previous version of this series (which are only available through 2006; ONDCP,
2012c). The middle estimates could also be termed best estimates. The lower and higher ends of the
range are meant to give some sense of the uncertainty, but they have a very specific and nuanced
meaning that is vulnerable to misinterpretation. For cocaine, heroin, and meth, they reflect only one
source of uncertainty: the 95-percent confidence interval surrounding the share of adult male arrest
events involving a positive drug test. For marijuana expenditures and consumption, the lower
estimate is based on NSDUH estimates with no adjustment for underreporting, and the higher
estimate multiplies this value by two. Since there are many other sources of uncertainty, readers
should not consider these as lower or upper bounds or as 95-percent confidence intervals. The range

should be considered plausible, but not extreme.

Table S.1. Retail Expenditures on lllicit Drugs, 2000—2010 (in billions of 2010 dollars)

Drug Estimate | 2000 | 2001 | 2002 | 2003 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
Middle 55 49 45 43 44 44 43 39 34 31 28
Cocaine Lower-Higher | 37-83 | 33-73 | 30-69 | 28-67 | 29-69 | 28-68 | 28-65 | 25-59 | 22-51 | 20-48 | 18-44

ONDCP (2012) 44 43 44 48 43 42 41

Middle 23 23 22 23 23 22 21 21 23 26 27
Heroin Lower-Higher 12-40 | 12-39 | 12-37 | 12-37 | 12-37 | 12-35 | 11-35 | 12-35 | 12-37 | 14-44 | 15-45
ONDCP (2012) 15 14 15 14 13 12 12
Middle 22 24 30 30 31 30 30 30 32 35 41
Marijuana® Lower-Higher | 14-28 | 16-32 | 21-43 | 22-44 | 23-45 | 22-44 | 22-44 | 22-44 | 23-46 | 26-53 | 30-60

ONDCP (2012) 32 31 43 44 35 37 37

Middle 8 11 15 17 20 23 22 20 16 15 13

Meth Lower-Higher 3-17 | 5-20 | 7-25 | 9-28 | 11-32 | 13-35 | 12-33 | 11-31 | 8-26 | 7-24 | 6-22

ONDCP (2012) 15 14 15 16 18 19 19

Total Middle 108 107 112 113 119 119 116 110 105 108 109

(All Four Drugs) ONDCP (2012) 106 102 117 122 109 110 109

Notes: The lower and higher ends of the range are meant to give some sense of the uncertainty, but they have
a very specific and nuanced meaning that is vulnerable to misinterpretation. Please see text.

® The 2000-2003 marijuana estimates are not perfectly comparable to the later years because of changes in
survey questions and methods. These marijuana estimates are based on our “constant grams” series, which
assumes that the amount of marijuana consumed in a use day did not change over the decade (meaning that
average tetrahydrocannabinol (THC) consumption per use day increased). Our alternative “constant THC”



series, which assumes that THC consumption per use day did not change (meaning that the average marijuana
consumption per use day decreased), generates lower expenditure estimates that increase from $22 billion in
2000 to $26 billion in 2010 (in 2010 dollars).

Table S.2. Chronic Drug Users (Four or More Days in the Past Month), 2000-2010 (in millions)

Drug Estimate 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
Middle 3.3 3.1 2.9 2.9 3.1 3.2 3.2 3.0 2.8 2.7 2.5
Cocaine Lower-Higher | 2.2-5.0 | 2.1-4.6 | 1.9-55 | 1.9-45 | 2.0-4.8 | 2.1-49 | 2.1-49 | 2.0-4.7 | 1.9-43 | 1.7-4.1 | 1.6-3.9
ONDCP (2012) 2.6 2.7 2.6 2.8 2.8 2.8
Middle 1.4 1.4 13 13 13 13 1.2 1.2. 13 15 1.5
Heroin Lower-Higher | 0.7-2.4 | 0.7-2.4 | 0.7-2.2 | 0.7-2.1 | 0.7-2.1 | 0.7-2.0 | 0.7-2.0 | 0.7-2.0 | 0.7-2.2 | 0.8-2.5 | 0.8-2.6
ONDCP (2012) 1.0 0.9 1.0 0.9 0.9 0.8 0.8
NSDUH-Adjusted | 10.6 11.8 13.7 13.4 13.6 13.8 14.2 13.5 14.6 16.2 17.6
Marijuana’ NSDUH-Raw 7.0 7.9 10.0 9.8 9.9 10.2 10.5 9.9 10.6 12.0 12.9
ONDCP (2012) 10.2 10.2 12.8 12.7 125 12.8 13.0
Middle 0.9 1.2 1.6 1.9 2.2 2.6 2.6 23 2.0 1.8 1.6
Meth Lower-Higher | 0.3-1.9 | 0.5-2.2 | 0.8-2.7 | 1.0-3.1 | 1.2-3.5 | 1.5-3.9 [ 1.4-3.8 | 1.2-3.6 | 1.0-3.2 | 0.9-2.9 | 0.7-2.7
ONDCP (2012) 0.8 0.9 0.9 1.0 1.2 13 13

Notes: The lower and higher ends of the range are meant to give some sense of the uncertainty, but they have
a very specific and nuanced meaning that is vulnerable to misinterpretation. Please see text.

® The 2000-2003 marijuana estimates are not perfectly comparable to the later years because of changes in
survey questions and methods. NSDUH-Raw is based on the number of people reporting four or more days of
marijuana use in the past month. NSDUH-Adjusted inflates the NSDUH-Raw figures to account for survey
undercounting.

Table S.3. Consumption of lllicit Drugs, 2000-2010 (in pure metric tons, except marijuana)

Drug Estimate 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Middle 292 258 278 278 324 327 322 282 200 161 145

Cocaine Lower-Higher | 193-440 | 1752386 | 183-428 | 182-428 | 209-500 | 211-501 | 208-494 | 182-431 | 132-302 | 105-248 | 92-227

ONDCP (2012) 255 228 253 337 346 372 390
Middle 22 25 22 23 23 22 22 24 26 27 24
Heroin Lower-Higher 11-37 13-41 12-37 12-38 12-37 12-36 12-36 13-39 14-42 15-45 13-40
ONDCP (2012) 32 31 33 32 29 27 28
Middle 3.0 35 4.0 4.0 4.2 4.1 43 43 4.7 5.1 5.7

Marijuana’ | Lower-Higher | 2.0-3.9 2.3-4.7 | 2.9-57 2.9-5.8 3.0-6.1 3.1-6.1 3.1-6.2 3.1-6.2 3.4-6.8 3.8-7.5 4.2-8.4

(1,000 MTs) | ONDCP (2012) 4.6 4.6 4.5 5.1 5.2 4.8 43
Middle 20 26 41 48 61 85 58 54 39 40 42
Meth Lower-Higher 8-43 11-49 20-70 24-77 32-95 47-127 32-88 28-83 20-63 19-66 19-71
ONDCP (2012) 66 72 89 118 143 167 157

Notes: The lower and higher ends of the range are meant to give some sense of the uncertainty, but they have
a very specific and nuanced meaning that is vulnerable to misinterpretation. Please see text.

® The 2000-2003 marijuana estimates are not perfectly comparable to the later years because of changes in
survey questions and methods.




The biggest discrepancy between the current estimates and what was previously published is with
respect to consumption (Table S.3.), and this is largely driven by how the retail price is estimated.
The modal retail purchase that arrestees report for cocaine powder, crack, heroin, and meth is only
$20. Retail price trends for these substances are customarily monitored at the level of one (pure)
gram, which is a much larger purchase. Since illegal drugs are subject to very considerable quantity
discounts, gram-level prices are not a good reflection of the average amount that heavy users spend
per pure gram obtained. We generate new price series with lower “referent quantities” that are
closer to the quantity typically purchased in a street-level sale. These new price series suggest users
are paying more per pure gram obtained, and so are consuming less per dollar spent, than would

have been presumed in the past.

There is great uncertainty surrounding these market-size estimates, particularly for
methamphetamine. In many cases, the extent of the uncertainty cannot be bounded or quantified.
Though this analysis weaves together information from a variety of indicators, survey self-reports
remain a principal source of information about user behaviors—frequency, quantity, and spending.
The organizations conducting these surveys expend considerable effort trying to minimize
misreporting, including sometimes confirming self-reported data by testing users for the presence of
drugs. Nevertheless, there is no way to entirely escape the basic limitations of survey self-reporting,

and unfortunately supply-side estimates are plagued by different but equally severe limitations.

Can these demand-side estimates for illicit drugs be improved? The answer depends on the drug. In
brief, we are optimistic about the possibility of refining the marijuana estimates. In contrast, we are
decidedly pessimistic about meth, for which much of the use falls outside the ambit of the standard
data systems. The prospect of improving estimates of the size of cocaine and heroin markets largely
depends on whether the surveys that reach heavy users of these two drugs could be enhanced and

extended.



1. Illicit Drug Market Estimation

1.1. Introduction

A sense of scale is a prerequisite to thinking sensibly about illicit drug markets. For example, knowing
whether a country consumes tens, hundreds, or thousands of metric tons (MTs) of a prohibited
substance is critical for understanding the impact of a three-MT seizure at a border crossing. But
decisionmakers need more than a sense of scale; they also need figures with enough precision to be

able to determine whether the markets have gotten larger or smaller over time.

Estimating the size of illicit drug markets—whether it be in terms of users, expenditures, or quantity
consumed—is a difficult task. The difficulty is not conceptual; at root, it is just counting. The problem
is largely with the data. That statement is in no way a criticism of those who design and administer
the data systems upon which we rely. Rather, it is an inevitable consequence of trying to measure
sales of something sold in hidden markets or consumption behavior that is both illegal and

dominated by a relatively small number of heavy users.

One corollary is that this task involves a lot of uncertainty. Depending on the substance and the
construct being measured, determining the direction of trends may be the best that can be done.
Numbers of chronic users can be estimated more accurately than spending, which in turn is subject
to less uncertainty than estimates of quantities (weights) consumed. Likewise, there is a stronger
evidentiary foundation for marijuana (due to its higher prevalence) than for cocaine, and stronger
evidence for cocaine than for heroin or methamphetamine. Were someone to trumpet estimates of

the latter quantities as having narrow error bands, those claims should be met with great skepticism.

A second corollary is that the task requires judgment. Most of the uncertainty does not come from
sampling variability, for which one can compute statistical confidence intervals. Instead, it comes
from questions about the raw data, such as the extent to which one can trust arrestees’ self-reports
about their spending on illegal drugs, and how to extrapolate just ten urban areas’ arrest records to
the country as a whole—particularly for a drug like meth, for which the user base appears not to be

concentrated in large cities.

There is an emerging scientific literature on sizing illicit drug markets, mostly in developed countries.
Pioneering work for the United States has been conducted by Abt Associates, under contract for the
U.S. White House Office of National Drug Control Policy (ONDCP). Those reports (Rhodes,
Langenbahn, Kling, & Scheiman, 1997; ONDCP, 1991; 2001; 2012c) provide a strong foundation and

their methodologies have evolved over time as data systems have improved. Much of the non-U.S.



work on sizing drug markets focuses on cannabis (e.g., Wilkins, Reilly, Pledger, & Casswell, 2005;
Bouchard, 2007; van Laar, Frijns, Trautmann, & Lombi, 2013), although some analyses address other
drugs (e.g., Pudney et al., 2006; Vopravil & Bélackova, 2012; European Monitoring Centre for Drugs
and Drug Addiction, 2013; Kilmer et al., 2013b)." In January 2012, ONDCP asked RAND to generate
national estimates of the total number of chronic users, total expenditures, and total consumption

for four drugs from 2000 through 2010: cocaine (including crack), heroin, marijuana, and meth.’

The rest of this chapter describes different approaches for estimating the size of illicit markets. They
fall into two general categories: supply side and demand side. We discuss their strengths and
weaknesses, and highlight that different approaches may be better suited for different substances.
These supply-side and demand-side approaches often yield different results and we note this
phenomenon is not specific to illicit drugs. The chapter concludes with a road map for the report and

highlights its innovations and contributions.
1.2. Drug Market Estimation Strategies

There are four general approaches for estimating the size of an illicit drug market.> On the supply
side, there are production-based and seizure-based estimates; on the demand side, there are
consumption-based and expenditure-based estimates.” Their contrasting strengths and weaknesses
play out differently for different substances, making it important to choose the right combination of

methods for each drug.

1.2.1. Supply-Side Estimation Strategies

Production-based estimates for organically—based drugs typically start with information about the
amount of land under cultivation, drawn from aerial or satellite imagery and interviews with
farmers.” After accounting for eradication efforts, various factors (e.g., leaf yield, alkaloid content,
processing efficiency for cocaine, dry weight per unit harvested) are used to develop a purity-
adjusted potential production estimate. Multipliers reflecting the fraction of product that is
successfully passed to each subsequent stage of the delivery chain are applied to generate an
estimate of the drug available in the user country. These results are highly sensitive to yield

estimates based on field research, which vary across time and by location.

The accompanying Technical Report includes an annotated bibliography of many of the studies published
since 2000.

% Unless otherwise specified, cocaine should be understood to mean cocaine in all forms, including crack.

® This section closely follows Kilmer, Caulkins, Pacula, & Reuter (2011).

* There is another demand-side approach that uses wastewater analysis to measure drug consumption in an
area. We do not consider this emerging method in this report. For more information, see Banta-Green and
Field (2011), van Nuijs et al. (2011), and European Monitoring Centre for Drugs and Drug Addiction (2013b).
®> We are unaware of reliable production estimates for synthetic drugs.



Seizure-based estimates divide the quantity of drugs that are seized or eradicated by the proportion
of drugs that are believed to be seized or eradicated. An obvious concern with this method is that
the proportion of drugs that are seized or eradicated is unknown. Seizures are not necessarily
proportional to the drug flow and often depend on law enforcement efforts and countermeasures

taken by drug traffickers (Reuter, 1995).

1.2.2. Demand-Side Estimation Strategies

Consumption-based estimates typically multiply the number of users by the product of days of use
per month or year (“use days”) and grams consumed per use day. This number is computed
separately for users of different intensities and then summed (weighting by the numbers of each
type of user) to obtain the overall market estimate. The first two values (number of users and use
days) are usually available from government-sponsored surveys or treatment intake assessments;
caveated as always by the limits of asking individuals to accurately and honestly self-report illegal
activities, and the possibility that changing attitudes might influence reporting rates (which might
exaggerate year-to-year changes). The third value, grams consumed per use day, is much harder to
come by. Most large surveys do not inquire about this, and few respondents know the precise

weight of what they consume.

Expenditure-based estimates combine user counts with estimates of the amount spent on drugs,
rather than amounts consumed. An advantage of this approach is that although users generally do
not know the exact quantity of drug that they bought, let alone its purity or potency, they often
know how much they spent on it. These data are then combined with (purity-adjusted) price per unit
weight to generate an estimate of the weight consumed. Beyond getting good information about
heavy users (which is also an issue for consumption-based estimates), a challenge to this approach is
obtaining the necessary information about purity-adjusted prices. While information about the price
per pure gram is becoming increasingly available (Caulkins, Pacula, et al., 2004; Fries, Anthony,
Cseko, et al.,, 2008; ONDCP, 2013a), most users do not purchase in units of pure grams; retail
transactions of the big three expensive drugs (cocaine, heroin, and meth) are usually smaller, and
never at 100-percent purity. This requires making additional adjustments to account for quantity

discounts obtained over the distribution of retail purchase sizes (Caulkins & Padman, 1993).

1.2.3. Which Strategy Should be Used for Which Drugs?

The best strategy for generating consumption estimates for specific drugs will largely depend on the
available data, where the drug is produced, and the size of the market being considered. For
example, available evidence suggests that most of the cocaine consumed in the United States is from

coca cultivated in Colombia (U.S. Drug Enforcement Agency [DEA], 2003; United Nations Office on



Drugs and Crime [UNODC], 2011). Since the U.S. Federal Government and UNODC both estimate the
amount of land dedicated to coca production as well as yield per hectare, the production-based
approach is a good place to start for understanding U.S. cocaine consumption. On the other hand,
marijuana consumed in the United States is both produced domestically and imported from Mexico
and other countries. Since we do not have marijuana production estimates for the United States and
the pre-2011 estimates of Mexican marijuana production are no longer believed to be reliable (see

Chapter Seven), a demand-based approach is preferred for estimating marijuana consumption.

Given the limits associated with all of these strategies, it is useful where possible to produce multiple
independent estimates and see if they agree. For this report, RAND was asked to generate demand-
side estimates that could be compared with supply-side indicators (which we do in Chapter Seven).
There is a tendency for “top-down” supply-side approaches to differ from “bottom-up” demand-side
estimates, but this does not mean it is appropriate to simply combine the estimates and consider the
midpoint the best. Care must be taken to understand the limits of the underlying data and how

these limits are addressed.

Indeed, this supply versus demand gap is not specific to illicit drugs. Much more work has been done
on estimating quantities consumed of tobacco and alcohol, and some studies have compared these
figures with “official” supply-side estimates (e.g., information based on excise taxes and sales
receipts). An international literature review suggests it is reasonable to assume that general
population surveys underestimate alcohol consumption, sometimes by more than 50 percent (Gmel
and Rehm, 2004).° Similarly, Cook (2007) compared self-report data from the U.S. National
Epidemiologic Survey on Alcohol and Related Conditions (NESARC) with alcohol sales information
and found that NESARC “provides an estimate of per capita consumption that is about half of

recorded per capita sales.”

® Gmel and Rehm (2004) on estimating alcohol consumption: “Survey-based estimates usually cover only 30%—
70% of per capita consumption derived from aggregate estimates such as sales statistics (e.g., Knibbe and
Bloomfield, 2001; Rehm, 1998b). This has commonly been interpreted to mean that survey estimates are
underestimates of true consumption (Alanko, 1984; Midanik, 1982). Sometimes coverage rates may be
higher—e.g., in the European Comparative Alcohol Study (Leifman et al., 2002), where coverage rates of over
90% were found for the U.K. Recently, for New Zealand, high coverage rates were reported (Casswell et al.,
2002). Another example is the survey by the Mexican Institute of Psychiatry, which was analyzed for the
comparative risk analyses of the Global Burden of Disease Study. The volume of drinking calculated on the
basis of this survey provided a higher per capita estimate for Mexico compared with a per capita estimate from
sales and production data plus the estimate of unrecorded consumption (Rehm et al., in press). Coverage rates
are generally high in Mexico, at around 85%—95% (Caetano, 2001). However, survey estimates that are close to
or higher than estimates from sales and production statistics are still the exception rather than the rule. For
most surveys, a coverage of 40%—60% can be assumed (Caetano, 2001).”
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Likewise, a study that compared cigarette consumption in the U.S. general population with
estimates from the Federal Trade Commission and other sources suggested that underreporting
ranged from 10 percent to 40 percent (ONDCP, 2012c). This same study also found that demand-side
alcohol estimates can either account for less than half of supply-side estimates or approximate them

reasonably well, depending on the source of the official supply statistics.

One response to the data limitations is to keep the methods straightforward and transparent.
Straightforward is not the same as simple. The bridge constructed from the raw data to the final
estimates involves many steps, some of which are technical in the sense of responding to
idiosyncrasies of drug use and drug markets. However, this report strives to make the logic and the

limitations of each of the many steps clear to any analyst well-versed in this domain.
1.3. How This Report Contributes to the Science of Illicit Drug Market Estimation

Our expenditure and consumption estimates of cocaine, heroin, marijuana, and meth are based on a
demand-side approach that begins by calculating the number of chronic users. For all four
substances, the estimates draw on the complementary strengths of the National Survey on Drug Use
and Health (NSDUH) and the Arrestee Drug Abuse Monitoring Program (ADAM), supplemented by a
wide range of other data sources; however, the approach for marijuana differs from what is used for
the other substances. To simplify, the approach used for estimating marijuana users is rooted in the
general population survey (NSDUH), then augmented with additional information on arrestees
(ADAM) and youth (Monitoring the Future [MTF] program). For cocaine, heroin, and
methamphetamine, the opposite approach is taken: Estimates are rooted in ADAM and then

supplemented with NSDUH and other sources.

NSDUH does a good job of collecting information for a large share of chronic marijuana users;
however, this is not the case for the big three “expensive” drugs. For cocaine, heroin, and meth, it
makes sense to start with a database of arrestees because chronic users of these substances are
often involved with the criminal justice system. They are less likely to show up in general population
studies, either because they are literally outside the household population or because of
nonresponse and underreporting by those who are theoretically within NSDUH’s sampling frame

(ONDCP, 2012¢).

This analysis benefits from a foundation established by Abt’s previous work in this series (Rhodes et
al., 1997; ONDCP, 1991; 2001; 2012c). However, our approach extends and refines previous

approaches in the following ways:
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It distinguishes among four different types of drug users. Previous efforts have generally
focused on just two types of users: those using on four or more days in the past month
(termed “chronic users”) and those using less often (termed “occasional users”).
Differentiating between more and less frequent users is crucial because frequent users
consume so much more per capita. However, since the last report in this series, it has
become increasingly clear that consumption rates are even skewed within chronic users, not
just between chronic and less frequent users: Daily/near-daily users have strikingly different
consumption patterns than those who use weekly or even several times a week. It is the
daily/ near-daily users in particular who drive consumption. Hence, the estimates here
differentiate among three types of chronic users: daily/near-daily (21 or more times in the
past month), more than weekly (11-20 times in the past month), weekly (four to ten times
in the past month). They also count those using less than four times in the past month, but
this group consumes so much less per capita than the others that it contributes very little to

total spending or use.

We use ADAM data to estimate proportions instead of counts. While an integral part of the
analysis, ADAM-| (discontinued in 2003) and ADAM-II (2007-10) data are erratic, both in the
sense of varying in inexplicable ways over time in certain counties and in the sense of not
always mirroring trends in other indicators. Some of these irregularities can be pinned on
problems with sampling weights, but puzzles remain even for the subset of locations and
years for which the newer, improved weights are available. For reasons elaborated in the
Technical Report, we believe this makes ADAM stronger for estimating a proportion—
specifically the proportion of arrestees testing positive—than a count. This approach is

inspired by work done by Brecht et al. (2008).

We recognize that frequent users often do not receive quantity discounts. Heavy users of
expensive drugs are often impoverished and unable to maintain large inventories of either
cash or drugs; thus, the modal retail purchase arrestees report for cocaine powder, crack,
heroin, and meth is only $20. Retail price trends for these substances are customarily
monitored at the level of one (pure) gram, which is a much larger purchase. Since illegal
drugs are subject to considerable quantity discounts, gram-level prices are not a good
reflection of the average amount that heavy users spend per pure gram obtained. We
generate a new price series from the DEA’s System to Retrieve Information from Drug
Evidence (STRIDE) data with lower “referent quantities” that are closer to the quantity (in

pure grams) typically purchased for each drug in a street-level sale. These new price series
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suggest users are paying more per pure gram obtained and so are consuming less per dollar

spent than would have been presumed in the past.

We acknowledge the possible nonrepresentativeness of most recent marijuana purchases.
Over a decade ago the Substance Abuse and Mental Health Services Administration
(SAMHSA) added questions to NSDUH about the most recent marijuana purchase. These
guestions have been enormously useful to researchers, but multiplying the number of
purchases in a given period by the amount spent on the most recent purchase may not
provide a reasonable estimate of total marijuana spending. It would—only if the most recent
purchase was representative of all purchases. If larger purchases are followed by longer gaps
before the next subsequent purchase, then those larger purchases would be oversampled by
surveys administered at random times, which would tend to overestimate spending. The
extent of upward bias can be very large if individuals do not always purchase a standard
amount, and is very hard to bound. Thus, we use a different approach that avoids making

this untestable and possibly unwarranted assumption.

Our approach incorporates marijuana potency trends into the expenditure estimates. THC
is the primary intoxicant in marijuana. THC levels increased substantially from 2000 to 2010
not only because higher potency marijuana gained market share relative to lower-potency
commercial-grade, but also because the potency of commercial-grade marijuana grew. Since
prices unadjusted for potency seem to have been fairly stable over the decade (possibly
even decreasing after adjusting for inflation), consumers now pay less to achieve the same

level of intoxication.

We use additional data sources to generate estimates of the number of chronic drug users
(CDUs). This analysis uses data from ADAM-I and ADAM-II, where previous analyses were
limited to data from ADAM-I. Although smaller in sites and samples, ADAM-II is critical for
helping understand trends throughout the decade. These analyses also incorporate a
number of state- and substate-level market demand indicators that were not used in
previous efforts, including drug-specific mortality rates and drug test results from

employers.

The rest of the report is organized as follows. Chapter Two describes our estimates of the number of

users for the three “expensive” drugs (cocaine, heroin, and meth) while Chapters Three and Four

address expenditures and the total weight consumed, respectively. Chapter Five focuses on sizing

the national marijuana market. Chapter Six examines the issue of polydrug use (we found there is

generally little overlap among chronic users of the expensive drugs). Chapter Seven compares our
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consumption estimates with supply-side indicators, including production estimates and seizure
statistics. Chapter Eight concludes with some thoughts for further improving illicit drug market

estimation.

14



2. Estimating the Number of Chronic Cocaine, Heroin, and

Methamphetamine Users

2.1. Introduction

This section presents annual estimates of the number of chronic cocaine, heroin, and
methamphetamine users in the United States for 2000—2010. To remain consistent with previous
studies in this series, we define a chronic user as someone who used a particular drug on four or
more days in the previous month. Hence, “chronic” is defined in terms of current frequency of use,
not duration of use. Also, if someone used cocaine on three days and heroin on three other days in
the previous month (i.e., six days of hard-drug use in the previous month), they would not meet this

definition of chronic user.’

Our approach is rooted in ADAM and builds on prior work, including previous efforts to estimate
CDUs (e.g., Brecht et al., 2003; ONDCP, 2001; 2012c). ADAM'’s advantages are clear; it includes an
objective measure of substance use (urinalysis) not just self-report, and it captures chronic users—
who are responsible for the great bulk of consumption—far better than other surveys (ONDCP
2012c). Its principal limitation for estimating the number of CDUs in the nation is also clear; ADAM is
not nationally representative. Indeed, since the end of ADAM-I in 2003, its coverage is quite limited.
The program did not collect data from 2004 to 2006, and was brought back in just ten counties from
2007 to 2010 (in 2011 it dropped to five counties). Hence, we supplement ADAM with other datasets
that provide insights about drug consumption at the state and county levels, and doing so requires

using a different estimation methodology than had been used with ADAM in the past.

A detailed description of our methodology and how it compared to the previous report (ONDCP,
2012c) is provided in the accompanying Technical Report. This chapter gives an overview of our
approach and presents estimates of the number of CDUs of cocaine, heroin, and meth for 2000—

2010.
2.2. Methodology

Our approach involves eight major steps that are implemented separately for cocaine, heroin, and
meth, where cocaine should be understood to mean cocaine in any form, including both powder and

crack.

7 Chapter Six addresses polydrug use and finds there is only modest overlap among demand for these three
drugs. In particular, the number of chronic users of these substances in total is only about 10 percent below a
naive estimate obtained by simply summing the numbers of chronic users for each of the three substances
while ignoring polydrug use entirely.
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Step 1. Quantify the relationship between the share of positive drug tests among adult male
arrest events in ADAM jurisdictions and county and state-level covariates that are available

for all counties in the country.

Step 2. Project the share of positive drug tests among adult male arrest events in all

counties using the model generated in Step 1.

Step 3. For counties with reliable Uniform Crime Reports UCR arrest data, multiply this
predicted rate by the number of adult male arrest events. This generates an estimate of the

number of male arrest events that involve someone who would test positive.

Step 4. Sum across these counties and scale up using UCR national estimates to project the

national total of adult male arrest events involving someone who would test positive.

Step 5. Convert the number of adult male arrest events involving someone who would test

positive to adult male arrest events involving a CDU.

Step 6. Convert the total number of adult male arrest events involving a CDU to the total of

adult male arrestees who were CDUs (i.e., from events to individuals).

Step 7. Inflate the total of adult male arrestees who were CDUs to the total of adult male
CDUs (i.e., include both those who were criminally active but happened to not get arrested

in the last year and those who were not criminally active apart from their drug use).

Step 8. Adjust the national total of adult male CDUs to account for females and juveniles.

Each of these steps involves a number of substeps that are described in the accompanying Technical

Report. The remainder of this section presents an overview of our approach, grouping Steps 1-4 and

Steps 5-8.

2.2.1. Steps 1-4: National Total of Adult Male Arrest Events Involving Someone Who

Would Test Positive

Our main task is to take drug use levels among arrestees in ADAM counties and relate them to state

and substate variables that are available for all (or substantially all) counties in the country, not just

for ADAM counties. That relationship can then be used to estimate levels of drug use among

arrestees in counties for which ADAM data are not collected. For example, we would expect the

proportion of arrestees testing positive for cocaine to be higher in counties with greater overall
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prevalence of cocaine, greater demand for cocaine treatment, more job applicants testing positive
for cocaine, and more cocaine overdose events. So, in non-ADAM counties with high rates of those
predictors, our model would predict that a high proportion of arrestees would have tested positive if

ADAM and its urinalysis monitoring had been implemented in the county.

Table 2.1 lists the data sources used in the prediction models as well as the model-fit statistics for
the preferred specifications. The accompanying Technical Report includes detailed information

about these sources, estimated parameters, and the process used for selecting a preferred model.

Table 2.1. Covariates Used to Predict Drug Prevalence Rates

Cocaine Opiates Meth
Socioeconomic Population X X X
Poverty rate X X X
High school graduation rate X X X
Percent of population ages 18-24 X X X
NSDUH State X
Substate X
Treatment Treatment Episode Daily System X X X
(TEDS)—Cocaine
TEDS—Heroin X X X
TEDS—Meth X X X
N-SSATS-Methadone X
QUEST Positive test rate for cocaine X X X
CDC Cocaine mortality X X X
Heroin mortality X
Psychostimulants mortality X X
Model-fit statistics for preferred
specification
Observations 183 183 183
R? 0.899 0.733 0.822
Akaike information criterion 45.08 219.1 315.2
Bayesian information criterion 199.1 299.2 379.4
Number of covariates 47 24 19

Notes: Region-fixed effects were included in all models. Time and interaction effects were handled
differently for each drug, which explains the different number of covariates for each model. See
Technical Report for more information.

Having determined the best-performing model for each drug, we used that model to predict county-
year positive rates for the ADAM and non-ADAM counties based on their observed values for the
covariates in each drug’s model. This generated a predicted value for each county-year as well as 95-

percent confidence intervals for these estimates.
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We then multiplied these county-specific rates by the number of adult male arrests in each county
for counties that consistently submit reliable arrest information for the Federal Bureau of
Investigation (FBI) Uniform Crime Reports.2 We then scale our estimates from counties with high
reporting rates to the entire nation using the ratio of total national UCR arrests to those for the
consistently reporting counties. This generates annual estimates for male arrest events involving an

arrestee who is projected to test positive for cocaine, opiates, or methamphetamine.

2.2.2, Steps 5-8: Moving From Predicted Positive Tests to the National Number of Chronic

Drug Users

Moving from the predicted number of adult male arrest events with a positive test in the country to
the national number of CDUs requires making a number of adjustments. Table 2.2 describes these
adjustments and the data sources consulted. All of the adjustments are drug-specific. When possible
they are done separately for three types of chronic drug users: those who used that particular drug
four to ten days in the previous month, those who used 11-20 days in the previous month, and
those who used 21 or more days in the previous month. Since the last report in this series (ONDCP,
2012c), it has become increasingly clear that consumption rates are even skewed within chronic
users, not just between chronic and less-frequent users; daily/near-daily users (21 or more days)
have strikingly different consumption patterns than those who use weekly or even several times a
week. It is the daily/near-daily users who account for most of the consumption, not chronic users

overall.

8 Roughly consistent with Pacula, Kilmer, Grossman, & Chaloupka (2010), we do not consider arrest data from
counties with coverage indicators below 65. The coverage indicator is an indicator of the quality of the data
made available to the FBI and ranges from 0 (no information) to 100 (complete information). Imputations are
made for counties with coverage indicators less than 100.
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Table 2.2. Estimating the Number of Chronic Hard-Drug Users (four or more days in the past month)

Factor Adjustments Data Years covered For which user categories?
Start: Number of adult male arrest events with a
positive urinalysis test
F1 1. For adult male arrest events with a positive test, | ADAM-Il (based on urinalysis and self-report | Average across annual | Calculate for three groups: four to ten
percent using four or more days in past month® information) estimates, 2000—03, 2007-10 use days in past month, 11-20 days, 21
or more days
Multiplying by F1 yields the number of adult male
CDU arrest events with a positive urinalysis test
F2 2. Number of arrests with positive test per person | ADAM-I-II (based on self-report information about | Estimate from pooled ADAM-I- | Calculate for two groups: four to ten use
arrested and testing positive® arrests in the past year, excluding warrants) 11 (2000-03, 2007-10) days in past month, 11 or more daysb
Dividing by F2 yields the number of adult male
CDUs who are arrested and have a positive
urinalysis test
F3 3. Proportion of adult male criminally active CDUs | Take arrests per arrestee from #2, assumes | Estimate from pooled ADAM-I- | Calculate for two groups four to ten use
who get arrested each year® criminally active CDUs get arrested according to a | |1 (2000-03, 2007-10) days in past month, 11 or more daysb
Poisson distribution®
Dividing by F3 yields the number of criminally
active adult male CDUs
F4 4. Adult male CDUs who are not criminally active Number of adult male CDUs who report never | Estimate from pooled NSDUH | Calculate for three groups: four to ten
having been arrested in NSDUH, multiplied by 4° (2000-10) use days in past month, 11-20 days, 21
or more days
Adding F4 gives the number of adult male CDUs
F5 5. Ratio of adult CDUs (male + female) to just adult | Drug-specific ratios from (1) NSDUH Days of Use, | Generate 2000-2010 average | Calculated for one group: four or more
male CDUs (2) NSDUH CDUs Days of Use, (3) NSDUH number | for each of these seven | daysin past month
of CDUs, (4) TEDS Users in Treatment, (5) TEDS | factors, take simple average of
CDUs in Treatment, (6) Drug Abuse Warning | these seven values
Network (DAWN), (7) Vital Stats overdoses
Multiplying by F5 gives the number of adult CDUs
F6 6. Ratio of all CDUs (adult + juvenile) to just adult | Drug-specific ratios from 1) NSDUH Days of Use, 2) | Generate annual average | Calculated for one group: four or more
CDUs NSDUH CDUs Days of Use, 3) NSDUH number of | across these five factors, | daysin past month

CDUs, 4) TEDS Users in Treatment, 5) TEDS CDUs in
Treatment

impose linear trend for cocaine
and meth (heroin constant
0.03)

Multiplying by F6 gives the number of CDUs

? ADAM-I-11: No weights, do not account for those who refuse urinalysis test, no data for 2004-2006.
®To boost sample, combine those who used on 11-20 days with those who used 21 or more days. Dropping those brought in on warrants has relatively little effect.

¢ Different from ONDCP (2012c) because we use Poisson assumption only to extrapolate to criminally active CDUs who did not get arrested, not to all CDU who do not get arrested.
4Based on ONDCP (2012c) assumption that occasional users of cocaine, heroin, and meth in NSDUH should be multiplied by four because of underreporting.

19




The Technical Report includes detailed descriptions of each adjustment. The adjustments moving
from arrest events with a positive test to adult male arrestees who are CDUs (factors F1 and F2 in
Table 2.2) are based on ADAM and are fairly straightforward. Similarly, moving from the total
number of adult male CDUs to a national estimate of all CDUs (F5 and F6 in Table 2.2) involves
making adjustments to include females and juveniles that are based on insights from NSDUH, the

TEDS, DAWN, and mortality data.

The middle adjustments that move from adult male CDUs who have been arrested to all adult male
CDUs (F4 and F5 in Table 2.2) require more explanation. After converting from total male arrest
events involving a CDU to adult male CDUs who were arrested (i.e., from events to people), we
supplement this with an estimate of adult male CDUs who were criminally active but who happened
to avoid arrest. In particular, dividing the number of CDUs arrested by the probability a CDU is
arrested in a given year inflates the count to include those who happened not to have been arrested.
This adjustment has similar logic to what was done in the previous version of this report (ONDCP,
2012c), but is different because we use a Poisson assumption only to extrapolate to criminally active

CDUs who did not get arrested.

We then make a final adjustment to account for CDUs who had minimal risk of arrest. Of course all
CDUs are at some risk of arrest because, by definition, they are using illegal drugs. Practically
speaking, however, people who commit no offense other than drug use and who both purchase and
consume inside a private residence, not in public, may be at very little risk of arrest. We estimate the
size of this population that is hidden from arrestee surveys using NSDUH. Our (imperfect) proxy for a
CDU being at negligible risk of arrest is never having been arrested at all, not just having avoided
arrest in the last 12 months. Since NSDUH misses a lot of hard-drug users, we follow the previous
report’s adjustments for occasional drug users in NSDUH and multiply this population by four.

Adding this to the CDU total generates an estimate the number of adults male CDUs in the country.
2.3. Results

2.3.1. Cocaine

Figure 2.1 presents the middle or “point” estimates of the number of chronic cocaine users (i.e.,
those who used on four or more days in the previous month) surrounded by an error band. The
point estimate decreased from 3.3 million in 2000 to 2.5 million in 2010. The error band in this figure
reflects only one source of uncertainty: The 95-percent confidence interval surrounding the share of
adult male arrest events involving a positive drug test for cocaine. There are many other sources of

uncertainty, but those other sources of uncertainty do not stem from sampling variability and so do
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not lend themselves to quantification. Thus, readers should not consider these as lower or upper

bounds or as a 95-percent confidence interval for the number of chronic cocaine users.

Figure 2.1. Estimated Number of Chronic Cocaine Users, 2000-2010 (In Millions)
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Note: Lower and higher estimates have a very specific and nuanced meaning that is vulnerable to
misinterpretation; please see accompanying text in Section 2.3.1.

Given the width of the error band, the middle estimate is entirely consistent with the cocaine CDU
figures published in the previous version of this report (ONDCP, 2012c); both suggest that the
number of chronic cocaine users from 2000—-2006 was on the order of 3 million. After 2006, there is

a steady decrease through 2010, with the latter being about 20 percent lower.

Since these CDU estimates draw on several data sources (not only ADAM but also self-reported past-
month use from the NSDUH household survey, treatment admissions in TEDS, etc.), we would expect
to see similar trends in some, if not most, of these series as well. Figure 2.2 displays the data (scaled
to have a value of 100 in 2004) and all of the sources do show a large decline after 2006.° It also
displays national estimates of emergency department visits involving cocaine from DAWN (not
included in our model), which show a decline from 2006 to 2009, but then a slight increase from

2009 to 2010.

° We do not attempt to explain why there was such a large increase in cocaine overdose deaths from 2000 to
2006 given the stability in CDUs, but hope this receives more attention.
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Figure 2.2. Comparison of Indexed National Cocaine Use Series, 2000-2010
(100 = 2004 Value)
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Although not directly comparable, this decrease is also consistent with drug testing data from the
Department of Defense (which were not used for this analysis). Among positive drug test results for
members of the military, the share attributable to cocaine decreased from 28.2 percent in fiscal year

2007 to 13.2 percent in fiscal year 2010.

Table 2.3 breaks down the estimated number of chronic cocaine users by frequency of use: four to
ten days in the past month, 11-20 days, and 21 or more days. The 11-20 group is slightly smaller

than the 21-days-or-more group, which is about half the size of the four-to-ten-days group.
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Table 2.3. Millions of Chronic Cocaine Users by Frequency, 2000-2010

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
21+ days in past 0.9 0.8 0.8 0.8 0.8 0.9 0.9 0.8 0.8 0.7 0.6
month
11-20 days in 0.7 0.6 0.6 0.6 0.6 0.7 0.7 0.6 0.6 0.6 0.5
past month
4-10 days in 1.7 1.6 1.5 1.5 1.6 1.6 1.7 1.6 1.5 14 13
past month

Note: Figure 2.1 displays some of the uncertainty surrounding these CDU estimates. Since the
distribution of CDUs is similar for ADAM-I (2000-2003) and ADAM-II (2007-2010), we average these
figures and apply the same ratio to all years (39 percent, 23 percent, 38 percent). Thus, these three
groups all display the same trends.

2.3.2. Heroin

Figure 2.3 presents estimates of the number of chronic heroin users. The point estimates increased

slightly from 1.4 million in 2000 to 1.5 million in 2010, but given the width of the error band, that is

essentially no change. Similar to Figure 2.1, the error band presented is only driven by one source of

uncertainty: the 95-percent confidence interval surrounding the predicted share of adult male arrest

events involving a positive drug test for opiates.

Figure 2.3. Estimated Number of Chronic Heroin Users, 2000-2010 (In Millions)
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misinterpretation; please see accompanying text in Section 2.3.1.
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Similar to the previous report (ONDCP, 2012c), our heroin estimates did not change much from 2000
to 2006. Both suggest a slight downward trend, but given the large error band we cannot say
anything definitive about this change. There is, however, an important difference in terms of levels:
Our CDU estimates are about 45 percent larger.™ Since the number of heroin CDUs is much smaller
than the number of cocaine CDUs (especially true earlier in the decade), it is more difficult to
precisely estimate the former. Indeed, our error bands are larger for heroin than for cocaine. Given
the greater uncertainty and our use of different methods and data sources, we are not surprised

that our CDU estimates are less similar for heroin than they are for cocaine.

The slight decline appears to stop in 2007 and is followed by a nearly 25-percent increase in heroin
CDUs from 2007 to 2010." We do not want to read too much into this given the large amount of
uncertainty, but it is consistent with anecdotal reports about prescription opiates becoming a
“gateway drug” to heroin for some individuals. Indeed, new research from the CDC supports this
contention, stating, “Heroin use among nonmedical users of opioid pain relievers increased between
2002-2004 and 2008-2010, with most reporting nonmedical use of opioid pain relievers before

initiating heroin” (Jones, 2013).

Figure 2.4 presents the main data series that underlie the CDU estimates. Past-month heroin users in
NSDUH, heroin treatment admissions, and heroin overdose deaths all show increases starting in
2006 or 2007. It is unclear what caused the large spike in past-month heroin use reported in the

2006 NSDUH.*?

One may be concerned that our estimates are inflated by the increased prevalence of prescription opiates,
but great care was taken to make sure the analysis specifically focused on heroin.

" This is not driven by an increase in methadone treatment admissions for prescription opioid abuse; almost
identical post-2007 results are obtained if the N-SSATS variable is dropped from the prediction model.

2 The accompanying NSDUH report does not offer an explanation; it only mentions that heroin initiations did
not change significantly between 2005 and 2007.
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Figure 2.4. Comparison of Indexed National Heroin Use Series, 2000-2010
(100 = 2004 Value)
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It is difficult to estimate the total number of heroin CDUs with great precision and even harder to
break those totals down by type of CDU. Our analyses from ADAM suggest that about two-thirds of
CDUs are in the 21-days-or-more group (Table 2.4); that is a considerably larger proportion than for

cocaine.

Table 2.4. Millions of Chronic Heroin Users by Frequency, 2000-2010

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
21+ days in past 0.9 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.9 1.0 1.0
month
11-20 days in 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
past month
4-10 days in 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3
past month

Note: Figure 2.3 displays the some of the uncertainty surrounding these CDU estimates. Since the
distribution of CDUs is similar for ADAM-I (2000-2003) and ADAM-II (2007-2010), we average these
figures and apply the same ratio to all years (69 percent, 14 percent, 17 percent). Thus, these three
groups all display the same trends.
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2.3.3. Methamphetamine

Figure 2.5 presents estimates of the number of chronic meth users. Our middle estimates of the
number of chronic meth users increased from 0.9 million in 2000 to 1.6 million in 2010. Similar to
Figure 2.1, the error band in this figure is only driven by one source of uncertainty: the 95-percent
confidence interval surrounding the predicted share of adult male arrest events involving a positive

drug test for methamphetamine.

Results can only be as reliable as the underlying data, and we harbor serious reservations about the
data available on methamphetamine. Other researchers have noted that national datasets do not do
a good job of capturing meth consumption (Nicosia et al., 2009), and there are several reasons to be

concerned for our particular analysis:

e ADAM almost exclusively covers urban counties and meth has been a serious problem in
rural America.

e We do not have ADAM data for the 2004-2006 period when meth consumption apparently
peaked.

e NSDUH changed how it asked about methamphetamine in the middle of the decade, making
it difficult to compare data about meth prevalence and use days before and after 2007.

e We are not confident about using the QUEST data for methamphetamine (see Technical
Report).

e We cannot separate methamphetamine deaths from other psychostimulants in the
mortality data. When counties report drug arrests to the FBI, methamphetamine gets

combined with “other dangerous drugs.”

These issues dramatically increase the uncertainty concerning the model results, which is captured

in the very large error bands.
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Figure 2.5. Estimated Number of Chronic Methamphetamine Users, 2000-2010 (In Millions)
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While our CDU estimate for 2000 (875,000) is roughly similar to what was produced for the previous
report (823,000) and both series display an increase through 2005, our model generates a much
steeper increase. Figure 2.6 displays some of the series that underlie our CDU estimates as well as
three other national series. Our CDU estimates closely follow the trend observed for meth treatment
admissions as well as deaths involving psychostimulants, which includes meth."® The QUEST testing

data that begin in 2002 show an increase in positive tests for methamphetamine through 2005.

* We did not use this mortality variable in our prediction model because we were worried about picking up a
possible increase in other psychostimulants, including other amphetamines.
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Figure 2.6. Comparison of Indexed National Methamphetamine Use Series, 2000-2010
(100 = 2004 Value)
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Several factors show an increasing trend in meth consumption over the first half of the decade and a
subsequent decline through 2008, but there is much less agreement after that year. We suggest that
the most defensible position concerning trends in meth consumption from 2008 to 2010 is simply to

acknowledge the data are insufficient to provide clear guidance.

Table 2.5 presents the composition of chronic meth users by intensity, with all three intensity groups
containing about one-third of the CDU. There is no heavy concentration of daily/near-daily users, as
is the case with heroin, nor is there a large group of daily/near-daily users widely separated from a

large group of relatively infrequent users with few in between, as with cocaine.
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Table 2.5. Millions of Chronic Methamphetamine Users by Frequency, 2000-2010

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
21+ days in past 0.3 0.4 0.5 0.6 0.7 0.8 0.8 0.7 0.6 0.6 0.5
month
11-20 days in 0.3 0.3 0.5 0.6 0.7 0.8 0.7 0.7 0.6 0.5 0.5
past month
4-10 days in 0.4 0.5 0.6 0.7 0.9 1.0 1.0 0.9 0.8 0.7 0.6
past month

Note: Figure 2.5 displays the some of the uncertainty surrounding these CDU estimates. Since the
distribution of CDUs is similar for ADAM-I (2000-2003) and ADAM-II (2007-2010), we average these
figures and apply the same ratio to all years (36 percent, 30 percent, 34 percent). Thus, these three
groups all display the same trends.
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3. Expenditures on Cocaine, Heroin, and Methamphetamine

3.1. Introduction

This chapter generates annual estimates of total spending on cocaine, heroin, and meth for 2000
through 2010. Similar to our estimates of CDUs and the previous version of this report (ONDCP,
2012c), our figures are rooted in ADAM. We present expenditure estimates by user types,
highlighting that those who use 21 or more days in the past month account for the majority of

spending.

Here, the focus is on the total amount of cash spent by the final purchaser of the drugs. We do not
include the value of drugs for those who did not pay cash (e.g., those who got them for free, those
who traded them for sex or a stolen good, those who produced their own—which only applies to
meth). We do this for multiple reasons. First, we do not want to double-count expenditures. If
someone buys an eight-ball of cocaine (3.5 grams) for $150 and trades away half of it, the amount
spent on that cocaine is $150, not $150 plus the value of the good that was traded—that would be
double counting. Second, knowing how much cash is spent and working its way through distribution
channels is important for thinking about organized crime revenues and black markets. Third, placing
a market value on stolen/traded good (e.g., value of sex) is difficult. While ADAM does ask
respondents to place a value on bartered goods, it is unclear whether users are getting market value

in return for the drugs.
3.2. Methodology

A detailed account of our approach and how it differs from the previous version of this study are
included in the Technical Report. To estimate CDU expenditures, we first grouped ADAM adult male
arrestees into four past-month drug-use categories: light (one to three days), medium (four to ten),
heavy (11 to 20), and daily/near-daily (21 or more). We find that the prices and purchase patterns
differ significantly across these use groups. This is not a necessary step analytically, but it helps to
identify the sources of change over time with more detail than a method generating a single
aggregate annual metric. We have explicitly modeled them independently before aggregating to a

bottom-line chronic user expenditure estimate to highlight sources of variability and uncertainty.

30



There are six main steps to generating national expenditure estimates for each drug:

Step 1. Generate arrestee-level monthly spending estimates by multiplying the value of the
most recent purchase by the number of purchases that day and past-month purchase days

reported.

Step 2. Create average ADAM county—level monthly expenditure estimates for each past-
month chronic-use category (four to ten, 11-20, and 21 or more days). For counties in
ADAM-|, averages are based on available data from 2000-2003. For counties in ADAM-II (10
of which are also in ADAM-I), averages are generated for the 2000-2003 period and the
2007-2010 period.

Step 3. Use the change between the periods 2000-2003 and 2007-2010 for ADAM-II
counties to extrapolate the linear growth between these periods in the larger set of ADAM-I

counties for which only 2000-2003 data are available.

Step 4. Extrapolate average annual expenditures for each past-month chronic-use category
from the ADAM-I county estimates to the nation using UCR arrest data; creating an arrest-
weighted national average expenditure estimate based on the number of arrestees reported
in each UCR county, chronic-use category prevalence rates, and average expenditures
estimated from ADAM. This assumes the distribution of users in each chronic-use category

in the nation is similar to that seen in ADAM counties.

Step 5. Generate expenditure estimate for chronic users by multiplying the estimated
number of users in each chronic-use category in each county-year by the average

expenditure for that category.

Step 6. Estimate total annual national expenditures by multiplying total CDU annual

expenditures by a drug-specific adjustment factor to account for spending by non-CDUs.

3.2.1. Steps 1-3: Estimating Average Monthly Spending by User Type

These steps are straightforward and only require data from ADAM-I (2000-2003) and ADAM-II
(2007-2010). The first two steps require nothing more than cleaning the data and computing
county-year averages. To account for the lack of ADAM data for 2004 to 2006, we use the change
between the periods 2000-2003 and 2007-2010 for ADAM-II counties to extrapolate the linear
growth between these periods in the larger set of ADAM-I counties for which only 2000-2003 data

are available.
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Tables 3.1-3.3 display average monthly spending for cocaine, heroin, and meth by user type as well
as a weighted average. We adjust annual expenditure estimates for inflation using the Bureau of

Labor Statistics' All-Urban Consumer Price Index, which increased by 27 percent from 2000 to 2010.

Table 3.1. Average Monthly Cocaine Expenditures (2010 dollars)

21+ days in past 11-20 days in 4-10 days in past Weighted
month past month month Average
2000 2,171 965 356 1,035
2001 2,128 959 359 1,015
2002 2,085 953 361 997
2003 2,041 947 364 985
2004 1,998 941 367 977
2005 1,954 936 369 968
2006 1,911 930 372 955
2007 1,868 924 374 938
2008 1,824 918 377 919
2009 1,781 912 380 901
2010 1,737 906 382 883

Table 3.2. Average Monthly Heroin Expenditures (2010 dollars)

21+ days in past 11-20 days in 4-10 days in past Weighted

month past month month Average
2000 1,486 342 206 1,089
2001 1,521 392 238 1,125
2002 1,556 442 270 1,161
2003 1,590 493 303 1,198
2004 1,625 543 335 1,234
2005 1,660 593 368 1,270
2006 1,695 644 400 1,306
2007 1,729 694 433 1,343
2008 1,764 744 465 1,381
2009 1,799 794 497 1,420
2010 1,834 845 530 1,457
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Table 3.3. Average Monthly Methamphetamine Expenditures (2010 dollars)

21+ daysin 11-20 days in 4-10 days in Weighted

past month past month past month Average
2000 1,112 509 235 586
2001 1,126 521 228 599
2002 1,141 534 221 609
2003 1,155 546 214 617
2004 1,170 559 207 625
2005 1,184 572 200 632
2006 1,198 584 193 637
2007 1,213 597 186 642
2008 1,227 610 179 646
2009 1,241 622 172 651
2010 1,256 635 165 655

While the weighted averages for cocaine and heroin both start close to $1,000, they exhibit very
different trends. In real terms, average spending on cocaine declined throughout the decade by 15
percent while average spending on heroin increased by roughly 33 percent. The decrease for cocaine
is largely driven by a decrease in average spending for the 21-days- or-more group (in fact, this
decrease is offset by an increase in spending for those in the four-to-ten-days group). Average meth
spending slightly increased through the decade, but the weighted average was considerably lower
than it was for cocaine and heroin. This is likely driven by the relatively even distribution of users
across frequency groups for meth compared to the skewed results for heroin and bimodal

distribution for cocaine (i.e., relatively few users in the 11-20 day group).

3.2.2. Steps 4-6: Estimating Average Monthly Spending by User Type
The next steps move from average CDU spending in ADAM counties to the rest of the country,

including non-CDUs (i.e., those using one to three days in the previous month).

We use UCR adult male arrests to extrapolate our ADAM county estimates to represent county-level
drug expenditures among arrestees nationally. We assume that the share of arrests reporting light,
medium, heavy, and daily/near-daily use in ADAM is representative of the true mix of use among
arrestees, and generate a single estimate of expenditures among arrestees for the ADAM counties
with reliable UCR arrest data for adult males. We generate a weighted average expenditure based
on the number of arrests reported in each county; relatively more weight was given to expenditures
in counties with more arrests and higher past-month prevalence rates. In constructing the weighted

average, we consider only counties with UCR coverage above a certain threshold for each year from
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2000 to 2010 to ensure that counties with erratic data were not given incorrect weights. National
expenditures for each hard drug were estimated by multiplying the weighted average annual
expenditure by the number of CDUs for each drug. To account for spending by non-CDUs, we
multiply CDU expenditures by 1.12, 1.03, and 1.06 for cocaine, heroin, and meth, respectively.

Please see the Technical Report for more information on the methodology.
3.3. Results

3.3.1. Cocaine

We estimate that cocaine expenditures are trending downward, driven mainly by decreasing chronic
use (described in Chapter Two). We estimate cocaine expenditures fell by roughly 50 percent from
S$55 billion in 2000 to $28 billion in 2010. By comparison, the previous report estimated that cocaine
expenditure remained roughly constant between $41 billion and $48 billion over 2000-2006 (see
Figure 3.1). Both results (these and the prior report) show a stable estimate of cocaine expenditures

from 2002-2006.

Figure 3.1. Cocaine Expenditure Estimates2000-2010 (in billions of 2010 dollars)
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Figure 3.2 reports cocaine expenditures by user type from 2000 to 2010. Reductions in spending
among high-frequency cocaine users account for about 75 percent of the reduction in aggregate
spending as the daily/near-daily user share of expenditures fell from about 54 percent to 47 percent

between 2000 and 2010.
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Figure 3.2. Cocaine Expenditures by User Type, 2000-2010 (in billions of 2010 dollars)
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3.3.2. Heroin

We estimate annual expenditures for heroin that are approximately 50 percent higher than the
previous report, while following a similar slow downward trend from $23 billion in 2000 to $21
billion in 2006. In the years that follow, heroin expenditures grow by more than 6 percent per year

to $27 billion. Our estimates exceed the previous estimates due to our larger CDU size estimates.

Figure 3.2 plots these differences.
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Figure 3.3. Heroin Expenditure Estimates, 2000-2010 (in billions of 2010 dollars)
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The vast majority of heroin expenditures come from daily/near-daily users (Figure 3.4)—though, as
with cocaine, their contribution also fell between 2000 and 2010 from about 92 percent to 85
percent. Expenditures remained basically flat over the period until climbing between 2007 and 2010

(see Figure 3.3).

Figure 3.4. Heroin Expenditures by User Type, 2000-2010 (in billions of 2010 dollars)
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3.3.3 Methamphetamine

Our meth expenditure estimates generally show more volatility over time than the previous report.
This is due in part to additional data used in our analysis. The trends in the previous version of the
report for 2004 through 2006 are based largely on TEDS trends, which tend to be more stable than
other drug market indicators. This may be because treatment facilities covered by TEDS face budget,
capacity, or other limitations that do not exist for other proxies of illegal drug consumption. It is
feasible that metrics based on facilities at capacity will report relatively stable trends in drug-related
treatment admissions despite excess demand for services. Conversely, facilities under capacity may
face funding reductions leading to reductions in all admissions, leaving a constant proportion of

admissions for a particular substance.

Due to considerable uncertainty in chronic-user rates, only general patterns can be gleaned from
these data (Figure 3.5). Of note, we estimate much faster growth of annual CDUs from similar year
2000 previously reported. However, our annual per-CDU expenditures are approximately 45-55
percent below the previous estimate. When taken together, our estimates quickly surpass ONDCP
(2012c) before peaking in 2005, perhaps driven by some combination of enforcement and treatment
efforts such as the Combat Methamphetamine Epidemic Act of 2005 or substitution of legal

prescription psychostimulant drugs.

Figure 3.5. Meth expenditures, 2000-2010 (in billions of 2010 dollars)
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The daily/near-daily user share of methamphetamine use remained basically constant over time, at

just over 60 percent, despite the rapid escalation and decline of expenditures (Figure 3.6). A slight

decrease in the contribution of weekly chronic users from about 16 percent to 12 percent is

estimated, though this trend is unlikely to be statistically significant.

Figure 3.6. Methamphetamine Expenditures by User Type, 2000-2010 (in billions of 2010 dollars)
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4. Estimating Cocaine, Heroin, and Methamphetamine

Consumption

4.1. Introduction

The general approach for estimating the pure quantities for cocaine, heroin, and methamphetamine
consumed is to divide national expenditure estimates for each substance by national average price
paid per pure gram purchased, with a minor adjustment to account for in-kind (barter) transactions
as opposed to cash purchases. The national expenditure estimates for the numerator are presented
in Chapter Three. The denominator is generated using purchase value information from ADAM and
applying the RAND/Institute for Defense Analysis (IDA) method for generating purity-adjusted price
information from STRIDE (Arkes, Pacula, Paddock, Caulkins, & Reuter, 2004; Fries et al., 2008). While
our approach is generally similar to what was done in previous studies, there are some differences.

Further, we are able to take advantage of additional years of data for our calculations.
4.2. Methodology

Details of our methodological approach are reported in the Technical Report. This chapter provides
an overview of how we calculated the numerators and denominators for our consumption

estimates.

4.2.1. Generating the Numerator

Chapter Three estimated the amount of money spent buying drugs, but drug users sometimes barter
goods (perhaps stolen) and services (e.g., serving as a lookout for a dealer) instead. If we merely
divided monetary expenditures by price, we would obtain only the quantity purchased with cash,
not the total quantity obtained. Similar to ONDCP (2001), we increase monetary expenditures by
one-eighth (multiply by 1.125) to account for how much more users acquire and use than they buy
with money.” In other words, we count drugs purchased by bartering goods and services but
exclude home production. We are not aware of home production of heroin and cocaine in the
United States, and people who reported obtaining marijuana most recently by growing it themselves
in the 2010 NSDUH accounted for only about 3 percent of past-month days of use. However, it is not
known what proportion of meth consumption is supplied by home-production, and that proportion

may have varied over time with fluctuations in the availability of precursor chemicals.

The factor of 1.125 is more judgmental than data-driven. If a reader believed that barter-based

acquisitions were more or less common than the 1.125 figure would suggest, we would not

" Multiplying by 1.125 implies bartering accounts for 11 percent of acquisitions.
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discourage them from inserting their own judgments and tracing through the implications. For
example, if one-fifth of purchases were made with in-kind payments, then the factor would be 1.25,
not 1.125, and quantity consumed would be 1.25/1.125 = 10 / 9 as large as what we report. About
the only thing one could say for certain is that since bartering for drugs does occur, omitting the

adjustment altogether would create a downward bias in our quantity estimates.

4.2.2. Generating the Denominator

The denominator (price paid per pure gram obtained) is based on the familiar ONDCP price
estimation methodology (e.g., Fries et al., 2008), but estimates prices at a smaller referent quantity,
closer to the typical quantity purchased by a heavy user, and then makes a further adjustment to

pay attention in detail to the distribution of purchase sizes reported by ADAM respondents.

The price series is derived from enforcement data, specifically the DEA’s STRIDE database. There is
an ongoing debate in the literature about whether STRIDE can be used to produce useful price
series. We believe it can be (Arkes et al., 2008), but there are well-informed people who disagree
(Horowitz, 2001). We will not revisit the particulars of that debate here, but obviously if those critics
are correct, then our estimates of quantities consumed are seriously compromised.*® Furthermore,
even if STRIDE can be used to monitor price trends (in the sense that the percentage changes in
some STRIDE-based benchmark is a reasonable proxy for the corresponding percentage changes in
actual market prices), it is another matter entirely to use STRIDE to figure out the average amount
spent per pure gram obtained. Part of this is just the possibility that those generating price
observations in STRIDE might systematically pay more or less than what typical market participants
pay (e.g., they might pay more because law enforcement agents have less incentive to bargain for

the best price).

The other issue, though, is quantity discounts or, equivalently, price mark-ups. Heavy users of
expensive drugs are often impoverished and unable to maintain large inventories of either cash or
drugs; thus, the median retail purchase size that arrestees report for cocaine powder, crack, heroin,
and meth is only $20. Retail price trends for these substances are customarily monitored at the level
of one (pure) gram, which is a much larger purchase. Since illegal drugs are subject to very
considerable quantity discounts, gram-level prices are not a good reflection of the average amount
heavy users spend per pure gram obtained. Thus, we generate a new price series with lower

“referent quantities” that are closer to the quantity (in pure grams) typically purchased for each drug

B Basing price series for referent purchases on STRIDE makes the strong implicit assumption that prices in the
market generally are comparable to those made by enforcement agents and/or their confidential informants,
an assumption that is all but unavoidable in an exercise of this sort, but which has been challenged in the
literature (Horowitz, 2001).
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in a street-level sale. These new price series suggest users are paying more per pure gram obtained

and so are consuming less per dollar spent than would have been presumed in the past.

After validating our purity—adjusted price estimates against Fries et al. (2008) and our previous
report (Arkes et al. 2004), we establish new amounts that are closer to the quantity (in pure grams)

typically purchased for each drug in a street-level sale, shown in Table 4.1.

Table 4.1. Pure Gram Price Evaluation Levels for Each Drug (in pure grams)

Crack Cocaine Powder Cocaine Heroin Methamphetamine

Evaluation level 0.25 0.25 0.1 0.25

Since retail prices are often reported for transactions of one pure gram, these levels might initially
seem low. Yet, if anything, these levels are conservative. At the average prices over the 2000-2010
period, these correspond to purchases of about $50 for crack and powder cocaine and $90-$100 for

heroin and meth.

Table 4.2 displays prices per pure gram for crack, powder cocaine, heroin, and methamphetamine,
along with the quantity discount factor for each substance. This can be interpreted as a metric of
exponential price decline as the quantity purchased increases. A value of 1 suggests per-unit prices
do not vary with the amount being purchased. Smaller values mean that price declines rapidly as
small quantities increase. As previous research has found, powder and crack cocaine prices track
closely, though not perfectly, over time. We find that both decrease from 2000 to 2006 then

increase quickly in real terms until 2010.
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Table 4.2. Price per Pure Gram at Our Preferred Evaluation Levels (2010 dollars)

D-meth &
Crack Cocaine Powder Cocaine Heroin @ unknown isomer
@ 0.25 pure gram @ 0.25 pure gram 0.1 pure gram @ 0.25 pure gram
2000 238 210 947 421
2001 226 256 833 428
2002 202 187 876 369
2003 193 186 853 383
2004 169 165 884 347
2005 166 164 843 289
2006 162 164 846 399
2007 168 166 784 387
2008 212 190 779 433
2009 240 229 857 387
2010 246 218 995 328
Quantity
Discount
Factor 0.787 0.741 0.416 0.691
4.3. Results

4.3.1. Cocaine

Figure 4.1 displays that cocaine consumption was fairly stable from 2000-2006 but then fell very
sharply thereafter. There appears to be a 50-percent reduction in pure cocaine consumption in less
than a five-period; this is unprecedented. While the uncertainty bands around these estimates are

large, there is no denying that there was a tremendous shift in the latter part of the decade.
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Figure 4.1. Cocaine Consumption, 2000-2010 (pure MTs)
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Our figures are very similar to those previously produced by ONDCP (2012c) for 2000-2002, but they
diverge beginning in 2003. We show consumption remaining stable at 278 MTs for 2003, whereas
the prior estimates report that consumption increased from 253 MTs in 2002 to 337 in 2003—
approximately a 33-percent increase. While the previous report suggested a 50-percent increase in

pure cocaine consumption between 2000 and 2006, we calculate an increase closer to 10 percent.

Even acknowledging that there are large uncertainties in both series, the difference in levels,
especially for 2006, is striking (previous estimate = 390 MT; new estimate = 322 MT). To better
understand what is driving this difference, Table 4.3 displays how these figures were generated.
While our estimates of chronic cocaine users and the value of cocaine acquired are larger, their

larger difference is with respect to average price paid per pure gram purchased.

Table 4.3 Comparing Cocaine Consumption Estimates for 2006

Calculated Estimates ONDCP (2012) Current Estimate
Chronic cocaine users (A) 2.77 million 3.21 million
Value of cocaine acquired (B) $40.9 billion $47.8 billion
S per pure gram purchased (C) $105 $149
Consumption = (B)/(C) 390 MTs 322 MTs

Notes: Figures from ONDCP (2012c) were reported in 2006 dollars ($97.12 and $37.8 billion) and converted to
2010 dollars using the Bureau of Labor Statistics' All-Urban Consumer Price Index. To generate the value of all
cocaine acquired, we multiply our expenditure estimate presented in Chapter Three by 1.125.
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4.3.2. Heroin

Figure 4.2 shows estimated heroin consumption has been fairly stable over time at approximately 25
MTs. These new estimates suggest consumption levels are below the estimates previously produced
by ONDCP. Despite resting on fairly similar per-capita expenditure estimates and considerably higher
CDU estimates, the consumption projections are lower because we now assess that heroin users are
spending considerably more per pure unit purchased. That difference is due to our recognition that

most use is by people who buy much less than one pure gram at a time.

Figure 4.2. Heroin Consumption, 2000-2010 (pure MTs)
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4.3.3. Methamphetamine

Figure 4.3 shows that estimated meth consumption rose sharply to a peak in 2005 at roughly 85 MTs
and then fell sharply through 2008. The series shows meth consumption as being stable from 2008 —
2010, but for reasons described in the Technical Report, we believe the evidentiary basis for this
drug in those few years is particularly problematic. As was discussed in Chapter Two, the range
depicted by the “higher” and “lower” estimates reflects only a portion of the uncertainty in these

estimates, and may particularly understate the degree of uncertainty for meth in these years.
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These new consumption estimates are 50—66 percent smaller in any given year than the previous

analysis. While our CDU estimates are larger than previous projections, we estimate 50 percent less

spending per chronic user in any given year (roughly S600 per month versus $1,200) and

considerably higher prices per pure gram ($300-450 per pure gram versus $130-270, in 2010

dollars), again due at least in part to the previous reports basing prices per unit on purchases

considerably larger than what arrestees report.

Figure 4.3. Methamphetamine Consumption (pure MTs)
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Domestically produced meth that is purchased—via cash or barter—is included in these

consumption estimates; however, we include neither meth that is produced and consumed by the

same individual, nor meth produced and gifted with no purchase. ADAM data suggest that few

meth-using arrestees produce what they consume, but ADAM largely covers urban counties and

meth production is believed to be more common in rural areas.
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5. Marijuana

5.1. Introduction

The challenges in estimating market-related quantities for marijuana are quite different than those
associated with estimating the same quantities for cocaine, heroin, and methamphetamine. As such,
the approach taken is different than that employed for the other drugs. In particular, the marijuana
user estimates are based primarily on NSDUH data, with some adjustments that tap information
gleaned from ADAM and other sources. The consumption estimates combine NSDUH data on the
number of user days with estimates of how much marijuana users consume on each day they use.
The expenditure estimates are then derived from the consumption estimates using a marijuana price

series derived from NSDUH (but corroborated by other sources) as well as information on potency.

This chapter describes the main methods and discusses results about marijuana users, consumption,
and expenditures. Additional information about the data sources and analyses is available in the
Technical Report. The chapter concludes by comparing our results with those previously reported by

ONDCP (2012c).
5.2. Methodology

As with the other drugs, we focus on four categories of users, including occasional users (those who
report using in the past month, but less than four days) and three levels of chronic users: weekly
(four to ten days per month), more than weekly (11-20 days per month), and daily/near-daily (21 or
more days per month). We also document the number of less frequent users, namely those who
report past-year but not past-month use. Since general population surveys tend to undercount

users, we apply some adjustments to these figures.

To estimate expenditures, we start with a metric that both NSDUH and ADAM ask about for an
entire period, not just with respect to the most recent instance; that metric is days of use in the last
month or year. Multiplying by quantity consumed per day of use converts that to quantity consumed

in the last month or year. Multiplying again by price produces an estimate of spending.

Since the direct evidence concerning weight consumed per day comes from a particular era (2001-
2003) and marijuana potency has been increasing over the last decade, it is possible that grams
consumed per day may have changed over time. Hence, we provide two expenditure series: a
“constant grams” series, which assumes that the amount of marijuana consumed in a use day did

not change over the decade (meaning that average THC consumption per use day increased); and a
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“constant THC” series, which assumes that THC consumption per use day did not change (meaning

that the average marijuana consumption per use day decreased).

5.2.1. Marijuana Users
The number of marijuana users is estimated in two ways: first from NSDUH alone and then also by
adjusting the NSDUH estimates with MTF and ADAM data to account for differential underreporting

among youth and individuals involved in the criminal justice system.

5.2.1.1. Prevalence Estimates from NSDUH
We preserve the definitions of occasional and chronic users employed in prior versions of this
report, but also report for three distinct subsets of chronic users: a) Daily/Near-Daily: those using 21

or more days in previous month; b) More than Weekly: 11-20 days in previous month; and c)

Weekly: four to ten days in the previous month. Those using less than four days in the previous
month align with the previous definition of occasional users. Light users are those using one to four
times days in the previous month and Infrequent users are those using in the past year but not the
past month. The number of past-month users has increased by roughly 20 percent from 2004 to

2010, and most of that increase is among the heaviest users (Table 5.1).

Table 5.1. Number of Marijuana Users, by Intensity of Use (NSDUH)

More than Daily/Near- Total, Past-
Year Infrequent Light® Weekly Weekly Daily Month Users
2000° 7,897,404 3,728,863 2,553,657 1,884,062 2,547,100 10,713,682
2001° 8,943,216 4,213,017 2,742,171 2,066,520 3,100,307 12,122,015
2002 11,352,301 4,620,674 3,562,462 2,582,778 3,817,922 14,583,836
2003 10,815,568 4,951,453 3,297,084 2,615,522 3,911,252 14,775,311
2004 10,917,262 5,125,332 3,107,401 2,584,386 4,164,693 14,981,812
2005 10,836,514 4,774,757 3,604,589 2,331,878 4,226,933 14,938,157
2006 10,439,821 4,851,109 3,307,378 2,943,745 4,203,008 15,305,240
2007 10,728,393 4,818,181 3,343,616 2,161,160 4,398,995 14,721,952
2008 10,357,957 5,062,140 2,986,563 2,768,616 4,782,539 15,599,858
2009 11,893,362 5,192,632 3,898,926 2,823,576 5,276,072 17,191,206
2010 11,746,901 5,111,656 4,068,273 2,858,795 5,961,035 17,999,759

® This category was referred to as "occasional users" in previous editions of this report.
® The 2000-2003 marijuana estimates are not perfectly comparable to the later years because of changes in
survey questions and methods.

The counts of marijuana users (and, later, marijuana use days) include not only those who indicate
directly that they have used marijuana, but also a modest number who deny using “marijuana”

when asked about it in the standard battery of questions but who nonetheless do indicate later in
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the survey that they have used blunts, a particular form of marijuana use.16 The impact of including
them on the number of users is small; the impact on the number of use days is somewhat more

significant, and therefore important to the calculation of quantity consumed.

Thus, there are two discontinuities in the NSDUH data over time that should be noted. First, the
guestions about blunt use were added in 2004. Since inclusion of the blunt questions increases the
number of respondents who admit to some form of marijuana use, this suggests that the figures
from 2000-2003 may underestimate marijuana use. The more important (and well-documented)
discontinuity results from the change in recruiting and sampling procedures that was implemented
in 2002, when the National Household Survey on Drug Abuse (NHSDA) became NSDUH. This change
increased reported users for marijuana and other drugs, making direct comparisons before and after

2002 difficult.

5.2.1.2. Addressing Misreporting in NSDUH

As other researchers have noted, while NSDUH likely captures a larger fraction of marijuana use than
it does use of other illicit drugs, it most likely misses some users and usage nonetheless. When
surveying respondents about sensitive behaviors, underreporting is a perennial concern. It is
common to adjust marijuana consumption estimates upward. As noted above, the authors of earlier
editions of this report used an adjustment of 1.33. Others have used somewhat smaller (e.g., Kilmer,

Caulkins, Pacula, & Reuter, 2011) or even larger adjustments (e.g., Gettman, 2007).

Three distinct phenomena can contribute to a downward bias: The NSDUH sample does not include
homeless not in shelters, active-duty military, and institutionalized populations like the incarcerated
(some categories of which may contain a disproportionate number of drug users); heavy users may
be more likely to be missed even if they are in the NSDUH sampling frame, rendering SAMHSA’s
adjustments for nonresponse insufficient; and individuals may not be truthful about their drug use
behaviors—both whether and how much they use. Harrison, Martin, Enev, and Harrington (2007)
focused only on whether individuals are truthful about whether they use. All three phenomena
should be considered, but the available evidence allows quantification of only some of them. On the
other hand, we do go beyond past estimates by disaggregating the NSDUH data into subcategories
that facilitate examination of the extent to which the NSDUH user estimates are biased downward,
and apply separate adjustments to each category. Details are provided in Section 6.2 of the
Technical Report. In particular, we adjust the prevalence rates of youth users to match the (age-

specific) prevalence rates reported by MTF, and we adjust the prevalence rates of NSDUH users who

1® The NSDUH prompts users in this part of the survey with the statement, “Sometimes people take some
tobacco out of a cigar and replace it with marijuana. This is sometimes called a "blunt."

48



report past-year involvement in the criminal justice system to match those reported in ADAM. The
NSDUH adults not involved in criminal justice are adjusted upward by a factor of 1.25, based on

Kilmer et al. (forthcoming and 2011).17

Figure 5.1 compares the unadjusted NSDUH figures and the population-adjusted estimates. The
population-adjusted total number of past-month users in 2010 is about 25 million, as opposed to 18
million without the adjustment. The method employed here yields annual estimates close to the
ONDCP estimates this document revises, as the prior figures all fall between our adjusted and
unadjusted estimates. For example, we estimate 20.7 users in 2006 (adjusted), a slight upward

revision to the previous ONDCP estimate of 19.2 million (see Figure 5.10 for a comparison).

Figure 5.1. Two Estimates of Marijuana Past-30-Day Users
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Note: The 2000-2003 marijuana estimates are not perfectly comparable to the later years because of changes
in survey questions and methods.

7 Kilmer et al. (2013) concluded that a plausible aggregate adjustment could range from 1.02 to 1.43 for
Washington state in 2013; however, they note that arguments can be made for values that are lower or
higher. Since there are reasons to believe that underreporting may be less of an issue in Washington than in
the rest of the country, these values could be too low for the nation as a whole. But since we are already
making separate adjustments for youth and arrestees, our adjustment factor for adults who have not been
arrested should be lower than it would be if we were trying to come up with one factor for the country. Thus,
for NSDUH population adjustment we use 1.25, which is close to the middle value for Kilmer et al.
(forthcoming) and other national NSDUH adjustments (Kilmer et al., 2011; ONDCP, 2012c).
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5.2.2. Marijuana Consumption

Marijuana consumption is estimated from NSDUH-based data on the number of past-month use
days, combined with information on how much marijuana users consume on each day that they use.
The NSDUH-based estimate is adjusted in either of two ways: it is scaled up by the ratio of the
population-adjusted estimate of users to the NSDUH-only estimate of users; and it is scaled up by a
factor reflecting an estimate of the gap between survey-generated and supply-generated measures
of alcohol consumption in the United States. The latter adjustment is substantially greater than the

former; they yield two distinct estimates.

5.2.2.1. NSDUH Past-Month Use Days

Past-month use days are calculated for all the intensity-of-use groups—Ilight, weekly, more than
weekly, and daily/near-daily. Multiplying by 12 generates the annual number of use days for each
group. These are illustrated in Figure 5.2. Note the rather dramatic increase in use days in recent
years, concentrated among the heaviest users and accounted for largely by the increase in the

number of users.

Figure 5.2. Total Annual Marijuana Use Days (NSDUH, billions of use days)
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Note: The 2000-2003 marijuana estimates are not perfectly comparable to the later years because of changes
in survey questions and methods.
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5.2.2.2. Amount of Marijuana Consumed Per Day

It is a challenge to estimate daily marijuana consumption for a single point in time, let alone how it
has varied over a decade. We have some information about grams consumed per day circa 2002
based on joints per day by user group from NESARC and on grams per joint based on RAND’s
previous analysis of ADAM 2000-2003 (Kilmer, Caulkins, MacCoun, Pacula, & Reuter, 2010b). This
provides us a baseline estimate of the number of grams of marijuana consumed per use day
(assuming that those who consumed marijuana other than by smoking joints reported an amount
that was equivalent to what they usually consumed during a use day). This analysis suggests that at
that time the number of joints/day was 1.68 for light users, 1.92 for weekly and more than weekly
users, and 3.87 for daily/near-daily users. Based on a variety of considerations, the amount of
marijuana in a typical joint is assumed to be 0.43 grams/joint. See Section 6.3 of the Technical

Report for additional information on the data and calculations.

5.3.2.3. Modes of Consumption and Sharing

The issue of sharing has important implications for how to interpret consumption estimates, which
are based on multiplying the number of joints by grams per joint. Specifically, these figures could be
overestimates if, for example, two individuals sharing one joint both reported that they consumed

one joint. This is a real possibility with the NESARC data since there is no choice less than one.

Marijuana is being used in an increasing array of forms, not just in traditional joints. An alternative
form of particular importance and for which NSDUH provides some data is “blunts.” Many believe
blunts include more marijuana that is typically inserted in a regular joint or pipe. There is very little
empirical evidence on this, but a study with marijuana treatment seekers that asked them to roll
blunts and joints with oregano suggests that blunts may be roughly 50 percent larger (Mariani,

Brooks, Haney, & Levin, 2011):

These data call into question the assumptions made in the Global Appraisal of Individual
Needs (GAIN) (Dennis & Feeny, 2006), which suggests that one blunt is equivalent to two to
six joints. The results of this study suggest that in treatment-seeking marijuana users the

correct ratio is closer to 1.5 joints per blunt.

While this might seem to justify increasing grams per use day, we do not know if blunt users are
more or less likely to share than those who consume via other modes. It could be that blunts contain
more marijuana, but they are more likely to be shared. Another issue is that the survey questions do

not clarify whether those who consumed via blunts on a use day only consumed blunts.
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5.2.2.4. The Household Survey-Supply Consumption Gap

Alcohol researchers have noted that survey-based estimates of consumption often fall well below
what is known to be consumed based on tax receipts or other supply side evidence. That is, under-
reporting of quantities consumed could be more severe than is underreporting of prevalence. This
leads to the concern that the adjustments for survey underreporting described above may be
inadequate. While it is extremely difficult to generate convincing estimates of marijuana supply
given the illicit nature of the market (see Chapter Seven), it is relatively easy to generate supply
measures in the case of alcohol, since alcohol is a legal substance that generates tax revenue and
other sales-related data (Cook, 2008; Nelson et al., 2010). Cook uses NESARC and alcohol sales data
from NIAAA to argue that NESARC “provides an estimate of per capita consumption that is about
half of recorded per capita sales.” This is consistent with an international review that found general
population surveys underestimate alcohol consumption, sometimes by more than 50 percent (Gmel
& Rehm, 2004). These studies suggest that it may be appropriate to inflate the NSDUH-only
consumption estimates by a factor of two. Hence, our high estimate is determined by doubling the

NSDUH-only estimate.

5.2.3. Marijuana Expenditures

Deriving spending estimates by multiplying use days by weight per day and price per unit weight is
not the most direct approach. The household survey currently does ask respondents how much they
spent on their most recent purchase. One could estimate spending over a period by multiplying that
figure by the number of purchases made, but that would make a strong and as-yet untested
assumption that the most recent purchase is a typical or representative purchase when it may not
be. For one, if someone makes purchases of different sizes, some smaller (e.g., one gram) and some
larger (e.g., one half-ounce) but consumes at a steady rate, then larger purchases may be followed
by longer intervals beween purchases. Since the survey may be disproportionately likely to fall into
such a time gap following a larger purchase, that could inflate spending estimates—possibly to a
large degree. (See Section 6.1 of the Technical Report for a more detailed explanation of this

problem.)

Marijuana expenditure estimates are generated by multiplying the consumption estimates described
above by marijuana prices. Recall that we have three different estimates of consumption: a low one
based on NSDUH measures of usage by past-month users; a middle estimate that is inflated to
account for underreporting by specific populations; and a high one generated by multiplying the
NSDUH-only estimated consumption by an estimated alcohol survey consumption gap. Since
marijuana potency increased significantly between 2000 and 2010, we consider two scenarios for

how users respond to changes in marijuana potency. The first assumes that users consume a
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constant number of grams of marijuana per day, so greater potency translates into greater THC
consumption; the second assumes that users consume a constant amount of THC per day, so greater

potency translates into smaller quantities being consumed per day.

5.2.3.1. Price per Gram of Marijuana

NSDUH data are our primary source of information on marijuana prices, but we also construct
similar series using ADAM data to consider possible differences in prices paid by the populations
captured by those two surveys. See Section 6.4 of the Technical Report for details. The price series
used for the expenditure calculations is derived from small (i.e., less than or equal to 1 oz.)
purchases in NSDUH; it varies from $7.14 in 2000 up to $7.50 in 2004 and back down to $7.11 in
2010 (in 2010 dollars).

It is common to base price series on STRIDE data. Fries et al. (2008) provide marijuana price series
based on STRIDE, and we use STRIDE data for the other drugs, so it is worth mentioning why we do
not base the marijuana prices on STRIDE. For one, STRIDE is a convenience sample based on law
enforcement operations; it is not in any way a representative, let alone a random, sample of market
participants. This fundamental limitation is sometimes overlooked for cocaine/crack, heroin, and
meth because there are few (if any) alternatives. Further, the marijuana data in STRIDE are
concentrated in a few cities that are not necessarily representative of the very different markets for
marijuana that exist across the United States due to a variety of factors including: proximity to
Mexican and Canadian borders, access to medical marijuana dispensaries, and differences in
marijuana enforcement priorities. Finally, marijuana observations in STRIDE are not chemically
analyzed to determine potency the way that purity is reported for the other drugs, so STRIDE does

not offer more information on marijuana quality than do NSDUH or ADAM.

5.2.3.2. Trends in Marijuana Potency

Over the last 20 years, it has become standard practice to work with purity-adjusted prices for
cocaine, heroin, and methamphetamine, not just the “raw” price per gram, unadjusted for purity.
Marijuana is more complicated, because it contains many different psychoactive chemicals, but THC
is the most important, so there is likewise an argument for working with marijuana prices adjusted
for THC potency. That has not been standard practice in the past, but we do attempt to factor
potency trends into our estimates here. This is clearly a topic worthy of additional methodological

research.

The basic concern is that since potency has been trending upward, this might have changed the
average amount or weight consumed per day of use. The argument for consuming fewer grams is

straightforward. Potency affects the amount consumed per unit of intoxication. Roughly speaking,
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one-third of a gram of sinsemilla containing 15-percent THC can provide as much intoxication as one
gram of commercial-grade marijuana that contains 5-percent THC. So when potency goes up, the
weight of marijuana consumed per day of use may go down if users adjust consumption to keep the

amount of THC per day of use stable.

On the other hand, even though more potent variants are more expensive per unit weight, the
overall trend in potencies relative to prices is that the price per unit of THC has been falling, after
adjusting for inflation. Since lower prices trigger greater consumption for all sorts of goods, that
might mean THC consumption per day of use has risen. Indeed, since real prices have been falling, if
the conditional price elasticity of THC consumption with respect to THC prices were large enough,
then in theory that could even lead to greater weights being consumed per day of use, although we
would guess that probably has not happened. At any rate, failing to adjust for potency trends might

bias estimates of marijuana spending.

To complicate matters, there is not just one type of marijuana. There are various strains, and there
are attributes of marijuana besides THC content that affect its price, including presence of other
cannabinoids and subjective notions of appearance. Broadly speaking, it appears that there has been
both increasing potency within type and also a change in composition so that higher potency types
now account for a larger share of the market, with the market composition effect perhaps being the

more important.

As a first step toward trying to reflect marijuana quality in this analysis, we distinguish between two
types of marijuana: higher-potency “sinsemilla” and lower-potency “commercial grade.” There is no
single data source that tracks how much sinsemilla is being consumed in the United States over time.
The national drug use surveys (e.g., NSDUH, MTF) do not ask respondents about the type or potency
of marijuana—and even if they did, it is not clear that users could or would provide reliable
information. Thus, researchers are forced to combine insights from multiple sources to approximate

levels and trends.

A number of indicators support the idea that the sinsemilla share of marijuana consumed in the
United States increased from 2000 to 2010; however, neither the magnitude of the increase nor the
current levels are known. Based on our analyses of market transactions from NSDUH and other
sources, we assume that sinsemilla’s “market share” increased from 10 percent in 2000 to 20

percent in 2010. (We use round figures to avoid suggesting that these figures are precise.)

Furthermore, average THC levels have also increased within each type. The increase in average

potency for sinsemilla is modest; sinsemilla was already highly potent in 2000. The more important
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change seems to be for the commercial-grade marijuana, which still accounts for a sizable share of
the market: Average THC for kilobrick seizures increased by more than one-third over the decade.
Since commercial-grade prices seem to be fairly stable over the decade (possibly even decreasing
after adjusting for inflation), consumers now pay less to achieve the same level of intoxication.
Overall we estimate that the weighted average of marijuana potency has increased from 5.2 percent

THC in 2000 to 8.1 percent THC in 2010. Details are provided in the Technical Report.

As noted, the implications of these figures for total marijuana consumption and spending depend on
one’s beliefs about whether THC consumption per typical use day increased over the decade or
remained constant. If weight consumed per day stayed constant, then THC consumed per day would
have increased; if THC consumed per day stayed constant, then weight consumed per day would
have fallen — necessitating an adjustment to get spending estimates correct. This issue of different
types of marijuana could become even more important in the future, if the recent trend toward

proliferation of alternative forms of use continues (vaporizer pens, butane hash oil, “dabbing”, etc.).
5.3. Results

This section discusses the marijuana results, first concentrating on prevalence, then moving on to
consumption and finally to expenditures. The section that follows compares these results to the

previous version of What America’s Users Spend on lllicit Drugs (ONDCP, 2012c).

5.3.1. Marijuana User Estimates and Adjusted Marijuana User Estimates

Figure 5.3 plots the number of marijuana users in each of the five categories of usage intensity,
derived directly from NSDUH and its predecessor NHSDA. Leaving aside the two pre-NSDUH vyears,
the trends are largely flat or slightly increasing, with the notable exception of large increases in the
number of the heaviest (i.e., daily/near-daily) users. Indeed, the daily/near-daily users now

constitute the largest category of past-month users.*®

'8 Estimates discussed in this chapter include infrequent nonchronic users, differing from the estimates of
chronic users shown in Table S2.

55



Figure 5.3. Number of Marijuana Users from NSDUH, by Intensity of Use (unadjusted)
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Note: The 2000-2003 marijuana estimates are not perfectly comparable to the later years because of changes
in survey questions and methods.

The population-adjusted estimate, with the breakdown of users by intensity, is depicted in Figure
5.4. The increase in the last few years of the decade is largely associated with an increase in the
heaviest users, but the heaviest users still only account for just over a quarter of all past-month

users.
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Figure 5.4. Population-Adjusted Estimates of Marijuana Users by User Category
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Note: The 2000-2003 marijuana estimates are not perfectly comparable to the later years because of changes
in survey questions and methods.

5.3.2. Marijuana Consumption Estimates and Adjusted Marijuana Consumption Estimates
Figure 5.5 presents the three estimates of consumption: the lower estimate, calculated on the basis
of NSDUH-generated use days; the middle one, which adjusts the first estimate in parallel to the
population-adjusted number of users explained above in Section 5.1; and the higher estimate, which
simply multiplies the NSDUH-only numbers by a factor of two, inspired by the alcohol survey
consumption gap. By any of these measures, consumption was flat from 2002 to 2007, likely
somewhere between 3,000 and 6,000 MTs. However, consumption appears to have increased

substantially during the last few years of the decade, rising to somewhere between 4,000 and 8,500

MTs in 2010.
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Figure 5.5. Estimates of Marijuana Consumption (MTs), 2000-2010
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Note: The 2000-2003 marijuana estimates are not perfectly comparable to the later years because of changes
in survey questions and methods.

5.3.3. Marijuana Expenditure Estimates, Ignoring Potency Trends

Combining the consumption estimates and the “NSDUH < 1 0z” marijuana price series (see Section 6
of the Technical Report) generates the first set of expenditure estimates in Figure 5.6. Expenditures
on marijuana in the United States were flat from 2002 to 2007, somewhere between $20 billion and
$45 bilion, before increasing during the last few years of the decade, rising to somewhere between
$30 billion and S60 billion in 2010. This set of results assumes users do not reduce their consumption

in response to the increase in marijuana potency; the alternative is presented in Figure 5.9.
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Figure 5.6. Estimates of Marijuana Expenditures, 2000-2010 (in billions of 2010 dollars)
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Note: The 2000-2003 marijuana estimates are not perfectly comparable to the later years because of changes

in survey questions and methods.

The corresponding breakdown of marijuana expenditures by user category is depicted in Figure 5.7.

The vast majority of the expenditures are by the heaviest—that is, daily/near-daily—users, even

though they do not constitute the majority of the users.
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Figure 5.7. Middle Estimate of Marijuana Expenditures by User Category (in billions of 2010
dollars)
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Note: The 2000—-2003 marijuana estimates are not perfectly comparable to the later years because of changes
in survey questions and methods.

5.3.4. Marijuana Expenditure Estimates, Accounting for Potency Trends

Given the increase in THC potency over time, we introduce a second expenditure series: a “constant
THC” model, which assumes that THC consumption per use day did not change over the period
(meaning that the average weight of marijuana consumed per use day decreased). This contrasts
with the expenditures series presented above: a “constant grams” series, which assumes that the
amount of marijuana consumed in a use day did not change over the decade (meaning that average
THC consumption per use day increased). The two series are compared in Figure 5.8, and summary
details are provided in Table 5.2. (The rows of Table 5.2 for 2000-2003 are shaded to remind the
reader of the limited comparability with the other years.) As potency has been rising over the course
of the decade, the trend in expenditures increases much less sharply in the “constant THC” series,

only to $26 billion instead of $41 billion.
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Table 5.2. Summary of Marijuana Expenditure Results

Price per . . Constant Constant
Population- Weight Average Potency

Year Gram Adjusted Users | Consumed (MT) Grams/Day (percent THC) THC/Day

($2010) (52010 Billions) ($2010 Billions)
2000 7.14 16,066,109 3,024 $21.58 5.2 $21.58
2001 6.95 17,746,866 3,479 $24.16 5.8 $21.76
2002 7.48 19,934,738 3,959 $29.60 6.3 $24.59
2003 7.49 19,965,979 3,979 $29.79 6.2 $25.24
2004 7.50 20,572,233 4,198 $31.47 6.7 $24.62
2005 7.16 20,196,226 4,123 $29.53 6.9 $22.37
2006 6.98 20,759,713 4,265 $29.79 7.3 $21.27
2007 7.09 19,946,279 4,264 $30.23 7.9 $19.88
2008 6.72 21,531,816 4,716 $31.68 8.1 $20.48
2009 6.99 23,202,742 5,060 $35.36 7.8 $23.76
2010 7.11 24,487,929 5,734 $40.80 8.1 $26.40

Note: The 2000-2003 marijuana estimates are not perfectly comparable to the later years because of changes
in survey questions and methods.

Figure 5.8. Two Different User Responses to Changing Potency
(middle estimates, in billions of 2010 dollars)
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Note: The 2000-2003 marijuana estimates are not perfectly comparable to the later years because of changes
in survey questions and methods.

On the other hand, the “constant THC” series may overstate this effect. Even if people would keep

THC consumption constant when potency rose and THC prices remained the same, real prices per

unit of THC were actually falling. Figure 5.9 shows the trends assuming different levels of the

conditional price elasticity of THC demand, from 0.0 to —0.2. The elasticity of 0.0 corresponds to the

constant THC scenario. The other two lines show the result of increasing THC consumption per use
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day in response to the decline in its inflation-adjusted price. Though we can't pinpoint the price
elasticity of demand, studies have suggested it is likely to be in the —0.1 to —0.2 range (Dave, 2008;
Gallet, 2013). So the effect of considering elasticity in the expenditure estimate is nontrivial, on the

order of 5-10 percent.

Figure 5.9. Variation in Expenditure Trends, Conditional Price Elasticity of Demand
(middle estimates, in billions of 2010 dollars)
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Note: The 2000-2003 marijuana estimates are not perfectly comparable to the later years because of changes
in survey questions and methods.

5.4. Comparison with Previous Estimates

This section compares the results presented herein with the results offered in the previous version
of this report (ONDCP, 2012c), and offers explanations of the notable differences. Figure 5.10 plots
our two estimates of past month users with the baseline estimates from the previous version of this

report. The previous estimate and our NSDUH-adjusted estimate yield similar levels and trends.
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Figure 5.10. Past-Month Marijuana Users, 2000-2010 (in millions)
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The previous report estimated that total marijuana expenditures, estimated from NSDUH responses
regarding amount spent on marijuana, grew by 46 percent from $25 billion to $36 billion between
2001 and 2002, driven perhaps by a 40-percent increase in the observed price of marijuana in that
year (Fries et al., 2008)—or by the difference in NHSDA (pre-2002) and NSDUH (2002 and later)
methodology. After that, expenditures (and unit price) show no clear trend, as is apparent from
Figure 5.11. The current expenditure estimate, calculated by combining the population-adjusted
estimates of consumption with NSDUH-based estimates of marijuana prices, is generally lower than
all of the earlier estimates, and also varies more gradually. We believe the current estimate more
accurately reflect expenditures because not only do we incorporate a broader range of price
information into our analysis (see Technical Report Section 6.4), we also avoid the assumption that

the most recent purchases are representative of all purchases (see Technical Report Section 6.1).
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Figure 5.11. Marijuana Expenditures, 2000-2010 (in billions of 2010 dollars)
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in survey questions and methods.

The previous version of this report estimated that overall consumption wavered between 4,500 and

5,000 MTs between 2001 and 2006. As is illustrated in Figure 5.12, our middle estimate is somewhat

similar to that earlier NSDUH-based estimate in both trend and level, except that the trend in the

previous version decreased about 15 percent from 2004 to 2006; for that period we show no change

in consumption.
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Figure 5.12. Marijuana Consumption, 2000-2010 (in MTs)
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6. Polydrug Use

6.1. Introduction

Although it is common to hear reference to “cocaine users” or “heroin users,” in truth, many people
are polydrug users, meaning they consume more than one substance.’® For example, of the
1,823,006 records in the 2010 TEDS-A database on treatment admissions, more than half (1,012,233,
or 56 percent) involved a secondary, not just a primary, substance of abuse. Likewise, of the 20.8
million NSDUH respondents reporting use of an illegal drug other than marijuana in the past year,
just over half also reported using marijuana. Polydrug use may even be the norm among frequent
users; regular heroin and amphetamine users can average as many as five or six different drugs
consumed within the preceding six months (Darke and Hall, 1995). Polydrug use poses a variety of

problems, including overdose via drug interactions (Coffin et al., 2003).

However, we show here that most demand for the “big three” expensive illegal drugs in the United
States (i.e., cocaine/crack, heroin, and methamphetamine) can be reasonably understood from a
single drug perspective. In particular, most frequent users of any one of those drugs are not
simultaneously frequent users of either of the other two. This absence of overlap does not extend to

marijuana.
6.2. Methodology and Results

To estimate the level of polydrug use, we rely on NSDUH and ADAM. Combining data from nine
NSDUH surveys (2002-2010) yields a total of 500,914 respondents, so even the heaviest use

categories include a fair number of respondents.

6.2.1. Results from the National Survey on Drug Use and Health
Results are stated in terms of the simple average across the nine survey years of the sampling-

weighted estimates and the (unweighted) sum of all respondents over the nine surveys.

Adding across all nine surveys, 3,390 NSDUH respondents met the criteria for chronic use of a “big
three” drug. Adding the separate counts of chronic users of cocaine, heroin, and meth yields a total
of 3,653. That is, the number of respondents who were CDUs (people who used four or more times
in the past month) for any one of the drugs is 92.8 percent of the number obtained by summing the

number of chronic users of each drug separately. The proportion is nearly the same when factoring

19 Much of this chapter’s material is also presented in a paper forthcoming in Current Drug Abuse Reviews
(Caulkins, Everingham, Kilmer, & Midgette, 2013)
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in the sampling weights: The number in the union (1,415,354) was 93.2 percent as large as the sum

(1,519,353).

This proportion has been stable over time (see Figure 6.1), even though there has been a steep
decline in chronic cocaine use and changes in NSDUH questions concerning meth. In all years, the
overall number of CDUs was 90-96 percent of the sum of the three single-drug CDU counts. Visually,
this means the solid black line (indicating the union) was within 5-10 percent of the dashed line

indicating the sum.

Figure 6.1. Number of Chronic Users of Cocaine, Heroin, and Meth (based on NSDUH)
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Note: Solid line shows how close their union (number of CDUs of one or more of the substances) is to the sum.

6.2.2. Results from the Arrestee Drug Abuse Monitoring Program

ADAM data likewise find some overlap among frequent users of these three substances, but not a
lot. The emphasis on frequent is important. Many daily users of one of the three drugs also used
another of the three at some point in the last year, but relatively few used another hard drug more

than occasionally.

Consider first the overlap between cocaine (including crack) and heroin, the pair that has the

greatest overlap.20

*° There are separate questions concerning past-month use days of crack and powder cocaine. Answers to the
two questions were summed, but the sum was capped at 30. Since both forms can be consumed on the same
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The ADAM-I (2000-2003) data include 23,881 male and female respondents who reported past-
month use of cocaine and/or heroin.21 Most (20,099, or 84 percent) reported using just one or the
other drug; fewer than one in six used both in the past month. However, the overlap was
asymmetric. About two-thirds (64 percent) of past-month heroin users had also used cocaine in the
same period (1/4 * 2/3 = 1/6), but only about one in six of those who had used cocaine (17 percent)

also used heroin.

The same pattern holds among the 8,026 respondents who used one or more of the drugs on a
daily/near-daily basis (more than 20 times per month). Almost two-thirds of the daily/near-daily
heroin users (2,068 of 3,165, or 65 percent) also reported any past-month cocaine use, whereas only
about one-quarter (1,587 of 5,957, or 27 percent) of the daily/near daily cocaine users also reported
heroin use. If one ignores occasional use of the second drug (meaning fewer than four days in the

past month), those proportions shrink to 55 percent and 23 percent, respectively.

Table 6.1 reports these proportions for all pairs of the three hard drugs. The third column shows
results for cocaine vis a vis the sum of heroin and meth. There is little overlap between heroin and
meth, so this combination provides a sense of polydrug use overall, without the complexity of
considering three-way permutations (e.g., P{ use drug A | used drug B daily and C not more than

three times }, etc.)

Table 6.1. Extent of Polydrug Use Reported in ADAM-I (by percentage)

Drug A Cocaine Cocaine Cocaine Meth Meth Heroin
Meth + Cocaine + | Cocaine +
DrugB Heroin Meth Heroin Heroin Heroin Meth
P{justone | AorB} 84 91 82 94 90 87
P{A|B} 64 24 35 18 13 13
P{B|A} 17 13 27 9 26 70
P{A | DailyB} 65 19 42 12 12 20
P{B | DailyA} 27 12 33 8 22 68
P{ A 4+ times/mo. | Daily B } 55 8 32 7 6 16
P{ B 4+ times/mo. | Daily A} 23 5 25 4 11 58
P{ A 4+ times/mo. | B 4+ times/mo. } 54 11 26 9 6 13
P{ B 4+ times/mo. | A 4+ times/mo. } 18 6 22 5 13 58

Table 6.2 expresses the overlaps in terms of number of CDUs. It shows that adding the numbers of

drug-specific CDUs (14,266 + 4,646 + 7,934 = 26,846) would overstate the actual number of CDUs

day, this may inflate the number of days of cocaine use, but that bias is conservative with respect to the
overall conclusion of modest polydrug use.
L caulkins et al. (2013) report parallel statistics for just male defendants; the results are very similar .
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(23,438) by about 15 percent. Figure 6.2 shows the overlap among CDU with a Venn diagram. Thus

there is slightly more polydrug use among ADAM than NSDUH respondents, but the difference is not

substantial.

Table 6.2. ADAM-I Data Suggest the Number of Hard-Drug CDUs is Approximately 7/8" as Large as
the Naive Estimate Obtained by Adding the Numbers of Those Who Use Each Drug Chronically

Chronic Cocaine Use? Chronic Heroin Use? Chronic Meth Use? # of ADAM-| Respondents
Yes Yes Yes 456
Yes Yes No 2,062
Yes No Yes 383
Yes No No 11,365
No Yes Yes 51
No Yes No 2,077
No No Yes 7,044
No No No

# of Cocaine CDUs 14,266

# of Heroin CDUs 4,646

# of Meth CDUs 7,934
Sum of 3 #’s of CDUs 26,846
Actual Total # of CDUs 23,438
Naive / Actual Estimate 1.145

Figure 6.2. Overlap Among ADAM Respondents Using Cocaine/Crack, Heroin, or Meth Four or

More Times per Month
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ADAM-II has more recent data, but for a smaller number of counties. We replicate the analysis for
the ADAM-I| cities for both the same years (2000-2003) and with newer data (from 2007-2010) and
obtain substantially similar results. Indeed, as Table 6.3 shows, if anything there was perhaps even

less indication of polydrug use in 2007-2010.

Table 6.3. Contrasting Polydrug Use in ADAM-II counties in 2000-2003 vs. 2007-2010

Drug A Cocaine Cocaine Cocaine Cocaine
Drug B Heroin Heroin Meth Meth
Years 2000-2003 2007-2010 2000-2003 2007-2010
P{justone | AorB} 81 86 94 95
P{A|B} 63 55 27 21
P{B|A} 21 16 7 7
P{A | DailyB} 63 54 18 13
P{B | DailyA} 30 20

P{ A 4+ times/mo. | Daily B } 55 42

P{ B 4+ times/mo. | Daily A} 26 17

Table 6.4 shows that except for heroin, polydrug use is also the exception when counting days-of-
use, rather than users. Most use of cocaine and methamphetamine (77 percent and 88 percent of
use days, respectively in ADAM-I) is by people who reported using no other hard drug more than 3

times in the past month. The corresponding proportion for heroin is lower.

Table 6.4. Proportion of Use Days for Drug by People Who Report Using Other Hard Drugs (by

Percentage)
Frequency of use of other hard drug(s)
< 4 days per 4-20 days per

Data Source Drug month month 21+ days per month
ADAM-| Cities Heroin 42 24 34
Meth 88 6 6
Cocaine 77 16
ADAM-II Heroin 44 24 32
2000-2003 Meth 85 8
Cocaine 76 18
ADAM-II Heroin 53 23 23
2007-2010 Meth 87 6
Cocaine 82 12




6.3. Discussion

The question investigated here is how much overlap there is among chronic users with regard to the
“big three” expensive illegal drugs (i.e., cocaine/crack, heroin, methamphetamine). Since chronic
users dominate consumption, this is essentially the same as asking whether demand for these
substances comes primarily from a single pool of polydrug users, or from three more or less distinct

populations who (at least at the moment) have a single primary drug of choice.

The key finding is that the total number of chronic users of these substances is only modestly smaller
than the total obtained by adding the number of chronic users of heroin to the number of chronic
users of meth and the number of chronic users of cocaine or crack. In other words, there is relatively

little overlap among the populations, so the whole is not much less than the sum of its parts.

Among household survey respondents, the total is about 93 percent of the sum of the parts. Among
arrestees, the proportion is slightly lower, closer to 88 percent. Assuming the overall market can be
thought of as intermediate between these groups, the true overall figure might be that the number

of CDUs is about 90 percent of the sum of the three drug-specific CDU counts.

This is at odds with the conventional wisdom that polydrug use is the norm, although others have
made similar observations in the past. For example, Brecht et al. (2003) argue that one can classify
drug users as primary heroin, cocaine, or meth abusers even if they sometimes use another of those

substances on the side.

We do not want to overstate the finding. It applies among the big three expensive drugs, but it is
common for frequent users of one of these substances to also use alcohol and or marijuana
frequently. It applies to amounts of use (and, similarly, demand), not numbers of users. The majority
of ADAM respondents who reported daily use of one of the “big three” drugs also reported having
used at least one other such drug at some point in their lifetime. The majority of daily heroin users
(but not of daily cocaine or methamphetamine users), had even used another of the three drugs
within the last year.?” So in an expansive sense, arrestees who use daily are mostly polydrug users;
but that does not mean they are deeply involved currently in the use of more than one of the “big

three” drugs.

Therefore, in terms of counting the number of chronic users of the “big three” (i.e., four or more
times in the previous month), the sum of users in each group is a good approximation of the number

of chronic users of any one. While certainly there is some overlap, if one adds the numbers of people

22 \We find that the greatest polydrug use is among daily/near-daily heroin users, who often also use cocaine.
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who use each drug chronically, that sum is only modestly greater than the number of people who
use one or more of these drugs with such frequency; that is, the overlap is rather modest. In other
words, the number of chronic users of cocaine/crack or heroin or methamphetamine is
approximated by adding the number of chronic users of cocaine/crack to the number of chronic
users of heroin and to the number of chronic users of methamphetamine. The same cannot be said
when marijuana is considered—but as we’ve already argued, there is little relevance to the concept
of a user of marijuana or cocaine/crack or heroin or methamphetamine because so many people

who use other drugs also use marijuana.

More generally, one can think of the problem with wholly illicit drugs (as opposed to diverted
pharmaceuticals or alcohol, and ignoring marijuana) as being the sum of the problems associated

with cocaine/crack, with heroin, and with methamphetamine.
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7. Comparing Drug Consumption Estimates with Supply Indicators

Chapters Four and Five present two different approaches for estimating illicit drug consumption.?
For marijuana, we multiply use days by the average amount consumed per use day, and then
multiply that number by the number of users.** For the other drugs, we divide total expenditures by
the average amount spent per pure gram purchased. With both approaches, we describe the
uncertainty surrounding these figures, and we attempt to be transparent about the most

consequential assumptions that underlie them.

Table 7.1 presents our middle, lower, and higher consumption estimates. The middle figures could
also be termed best estimates. The lower and higher ends of the range are meant to give some
sense of the uncertainty, but they have a very specific and nuanced meaning that is vulnerable to
misinterpretation. For cocaine, heroin, and meth, they reflect only one source of uncertainty: the 95-
percent confidence interval surrounding the share of adult male arrest events involving a positive
drug test. For marijuana expenditures and consumption, the lower range is based on NSDUH
estimates with no adjustment for underreporting, and the higher range multiplies this value by two.
Since there are many other sources of uncertainty, readers should not consider these as lower or

upper bounds or as 95-percent confidence intervals.

Table 7.1. Consumption of lllegal Drugs, 2000-2010 (in pure MTs, except marijuana)

Drug Estimate 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Middle 292 258 278 278 324 327 322 282 200 161 145
Cocaine Lower- 193- 175— 183- 182— 209- 211- 208- 182- 132- 105-
92-227
Higher 440 386 428 428 500 501 494 431 302 248
Middle 22 25 22 23 23 22 22 24 26 27 24
Heroin Lower-
11-37 13-41 12-37 12-38 12-37 12-36 12-36 13-39 14-42 15-45 13-40
Higher
Marijuana® Middle 3.0 3.5 4.0 4.0 4.2 4.1 4.3 43 4.7 5.1 5.7
(1000 MT) Lower- 4.2-
2.0-3.9 2.3-4.7 2.9-5.7 2.9-58 3.0-6.1 3.1-6.1 3.1-6.2 3.1-6.2 3.4-6.8 3.8-7.5
Higher 8.4
Middle 20 26 41 48 61 85 58 54 39 40 42
Meth Lower-
8-43 11-49 20-70 24-77 32-95 47-127 32-88 28-83 20-63 19-66 19-71
Higher

Notes: The lower and higher ends of the range are meant to give some sense of the uncertainty, but they have
a very specific and nuanced meaning that is vulnerable to misinterpretation. Please see text.

2 This chapter benefited from discussions with representatives from various law enforcement and military
officials. All remaining errors should only be attributed to the authors.

** To be more precise, we took the product within each category of users (defined by past-month frequency)
and then summed over categories; that accounts for the positive association between frequency and intensity
of use in a way that literally multiplying average use days by average quantity used per day of use would not.
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® The 2000 and 2001 estimates are not perfectly comparable to the later years, as a consequence of the
differences between NHSDA (2001 and earlier) and NSDUH (2002 and later).

These two “demand-side” approaches are not the only way to estimate availability. As explained in
Chapter One, there are also “supply-side” methods that focus on the amount of drugs produced (net
of seizures and other removals from the market). This chapter will not calculate supply-based
estimates, but will compare our results with various supply-side indicators. Similar to the structure
of the document, we begin with cocaine, heroin, and methamphetamine, and then examine the

estimates for marijuana.
7.1. Cocaine

More effort has been made to develop systematic estimates of production, shipment, and amounts
available for consumption for cocaine than for any other drug. Enormous progress has been made in

understanding the basic parameters of the global cocaine supply system.

For cocaine there is a relatively elaborate set of supply indicators and models to assess the amounts
“available for consumption” in the United States annually. This section focuses on three supply-

based indictors:

e U.S. estimates of Colombian cocaine production
e estimates of cocaine border seizures
e cocaine availability estimates based on the Interagency Assessment of Cocaine Movement

(IACM).
7.1.1. U.S. Estimates of Colombian Cocaine Production

Data from the DEA’s Cocaine Signature Program suggest that for most of the decade, more than 90
percent of the cocaine seized and tested by DEA in the United States was processed from coca
cultivated in Colombia (DEA, 2003; UNODC, 2011). Thus, one supply-side indicator of the U.S.
cocaine market is the estimated quantity of coca cultivated in Colombia. Of course, this is an
imperfect measure; Americans consume some non-Colombian cocaine, and some Colombian-
produced cocaine is consumed in other countries. The latter has become more relevant over time as
cocaine consumption has increased outside of the United States, especially in Europe (UNODC,

2010).

Nevertheless, production figures are still relevant, even if much less so than in the past when the
United States dominated global cocaine consumption. Figure 7.1 presents data from the CIA’s Crime

and Narcotics Center (CNC) and the Colombian government about coca cultivation, eradication, and
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potential production in Colombia. The estimates for potential production fluctuate from 2000 to
2006, then steadily decline by almost 50 percent through 2010. Hectares of land believed to be used

for coca cultivation also substantially decreased in the second half of the decade.

Figure 7.1. Colombian Trends in Coca Cultivation, Eradication, and Cocaine Production, 2000-2010
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It seems quixotic to make much of year-by-year changes in potential production regardless of
whether the source is CNC or UNODC” (ONDCP, 2012c, 46). However, the measured decline from
2005 to 2010 is so large that it seems likely that there has, indeed, been a reduction in Colombian

production.
7.1.2. Estimates of Cocaine Seizures

The bulk of reports in the National Seizure System (NSS) are from federal law enforcement, but
some are from participating state and local law enforcement. Although not inclusive of all law
enforcement drug-seizure reporting, the NSS is the most complete database available, and it seems

plausible that most large seizures get into it.> Figure 7.2 presents data on seizures since 2000, and

% Seizures of a pound or less—even though there are many of them—account for a minority of the total
weight seized. Only 6 percent of the roughly 1.5 million drug arrests each year are for cocaine or heroin
sale/manufacture (FBI, 2012, Table 29). Even if every single one involved a pound of cocaine, that would still
only be 40 MTs.
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distinguishes among locations [southwest border, at-sea, other]. Total cocaine seizures fell by one

half between 2006 and 2010, from about 160 tons to about 80 tons, at export level purity.

Figure 7.2. Cocaine Seizures from the Southwest Border, the Rest of the United States, and At-Sea,
2000-2010
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7.1.3. Interagency Assessment of Cocaine Movement (IACM)

The IACM is an annual report intended to advise policymakers and resource planners whose
responsibilities involve detecting, monitoring, and interdicting illicit drug shipments. The Defense
Intelligence Agency is the Executive Agent for IACM, and other participants include the CNC; the
Coast Guard; CBP; DEA; Joint Interagency Task Force South (JIATF-South); JIATF-West; the
Department of Homeland Security; the El Paso Intelligence Center; the National Security Agency; the
Office of Naval Intelligence; the State Department; the U.S. Southern Command, and United
Kingdom liaison partners (GAO, 2005). The annual report uses the aforementioned data about
potential production estimates, information about movement and seizures captured in the
Consolidated Counterdrug Database (CCDB), and estimates of cocaine consumption, as well as

information from a number of other sources.

The Consolidated Counterdrug Database (CCDB) is a comprehensive data collection effort
that captures the details surrounding cocaine movement events submitted by U.S. and
foreign counterdrug agencies. International and interagency partners gather quarterly to

review all reported interdiction cases and vet the information for input into the database.
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They also revise, de-conflict, and validate data on overall counterdrug performance,

trafficking trends, and regional cocaine flow (Stavridis, 2010).

ONDCP publishes a summary of the report highlights under the title “Cocaine Smuggling in Year X.”
Figure 7.3 is the summary figure from Cocaine Smuggling in Year 2010 (ONDCP, 2012a). All of these
figures are presented not in MTs, but in terms of export quality (EQ), which represents the purity of

cocaine departing South America.

Figure 7.3. Estimates from Cocaine Smuggling in Year 2010 (purity EQ)
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The rest of this section addresses these three quantities of interest.
7.1.3.1. Colombian Potential Production

CNC production data in Figure 7.1 suggest that Colombian cocaine production decreased almost 50
percent from 2006 to 2010 (510 pure MTs to 260 pure MTs). The Colombia potential production
figures (EQ purity) presented in Figure 7.3 suggest a decrease closer to 30 percent (543 MT EQ to
379 MT EQ; delayed 18 months). The difference in these estimates is well within the margin of error,
so the important observation is not their differences, but rather their agreement about a large

decrease from 2006 to 2010. What is striking about Figure 7.3 is that the amount reported to be
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consumed in the United States exceeds the estimate for potential production in Colombia in 2010
(401 MT EQ vs. 379 MT EQ). While this could be a function of cocaine coming from other sources,
this is not consistent with forensic evidence from law enforcement sources; e.g., International
Narcotics Control Strategy Report (INCSR) (Bureau of International Narcotics and Law Enforcement
Affairs, 2009).° Further, this does not account for the amounts seized on the way to the United
States, or consumption in the Transit Zone (Mexico, Central America, Caribbean islands). We look

more into these consumption figures in the next section.

7.1.3.2. U.S. Consumption

The demand figures for the United States, as tabulated by the Cocaine Smuggling in 2010 report and
shown in Figure 7.3, suggest raw consumption only decreased by 5 percent from 2006 to 2010. This
is sharply at odds with a number of indicators suggesting that the number of heavy and occasional

users in the United States decreased substantially over this period (See Chapter Four).

Unclassified passages from the classified 2010 IACM report state that the estimates for the United
States are based entirely upon NSDUH and assumptions about daily consumption;?’ however, there
is almost universal agreement that NSDUH is not appropriate for estimating the size of the cocaine
market (e.g., Brecht et al., 2003; ONDCP, 2001; 2012c). This seems especially problematic when
attempting to understand the share of cocaine consumption in the United States attributed to
powder versus crack. The extent to which a general-population survey can reasonably reflect
national consumption may also vary over the course of a drug epidemic, as the share of

consumption that comes from groups that are easier or harder to survey may shift.

A similar methodology largely based on general-population surveys was used to generate
consumption estimates for other countries, although different assumptions about quantity

consumed were used for three regions: the United States and Canada, western Europe, and the rest

% Another possibility is drawing down of excess capacity built up in other years. A tacit assumption in efforts to
reconcile production and consumption figures in any given year is that changes in inventory are not large, an
assumption that is hard to validate.

>’ NSDUH’s unclassified table 7B reports “2.4 percent prevalence rate from 2011WDR, according to SAMHSA.”
Table 6.1.1.2 of the 2011 WDR reports this figure was from the 2009 Household Survey and reported by
SAMHSA. Other assumptions are from the 2010 IACM (Text Box, p. 94). For HCl consumers in the United
States: “40 percent of users are heavy users and consumed every 3 out of 4 days (274), and 60 percent of users
are moderate and consume every 3 out of 4 weeks (39), and recreational users consume 5 grams per year.”
For crack consumers in the United States: “50 percent of users are heavy users and consume every day (365),
and 50 percent of users are moderate and consume every week (52), and recreational users consume 9 grams
per year.” Heavy and moderate users reported using in past-month, recreational users are those who used in
the past year but not the past month. Although not explicitly stated, it appears as if the values in parentheses
represent use days and annual grams consumed (i.e., 1 gram per use day). Sources for these assumptions were
not documented for the United States or other countries.
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of the world). Almost all these areas have far less data available than in the United States, for which
consumption estimates have large confidence intervals. Thus, the estimates for individual countries
other than the United States should be used with caution. This uncertainty has implications for the

cocaine flow estimates discussed in the next section.

7.1.3.3. Cocaine Departing South America for the United States

The cocaine movement data reported in Figure 7.3 suggest that there was an increase in cocaine
heading to the United States from South America from 2006 to 2007, followed by a 50-percent
decrease from 2007 to 2010. Other reported cocaine flow figures are based on a combination of two
estimates (production- and consumption-based estimates). The agencies have gathered increasing
evidence that cocaine departing the production areas of South America may take perhaps as long as
two years to reach the retail market in the United States (Ehleringer et al., 2011; Ehleringer et al.,
2012). Hence, IACM estimates for the United States incorporate production with an 18-month lag to
current “removals” this year; removals is the sum of consumption, seizures, and “other losses” (e.g.,

shipments dumped at sea).

Although not displayed in this particular chart or document, there is a lot of uncertainty surrounding
these estimates. To get a better understanding, Figure 7.4 presents a figure from Cocaine Smuggling
in 2007 (ONDCP, 2008). The 2007 “common range” of 545—707 MTs appears to be pulled from two
sources: the “higher confidence” figure of the movement-based estimate (545 MTs) and upper
bound of the consumption-based estimate (707 MTs). In other words, this is not a range, let alone a
confidence interval in the conventional sense; it is merely the juxtaposition of two separate
estimates that differ by about 25 percent. Furthermore, the note to the table reports that “About
626 metric tons of cocaine departed from South America toward the United States. . .”; presumably

the 626 MTs was generated by taking the midpoint of the 545-707 MTs.
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Figure 7.4. Estimates of Cocaine Flow from Cocaine Smuggling in Year 2007 (EQ)
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Figure 1. Cocaine Flow Estimate. 2007. About 626 metric 1ons of cocaine denarted from South America toward the
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using documentad cocaine losses 3s one key element.

Source: Reproduced from Cocaine Smuggling in 2007 (ONDCP, 2008)

To illustrate the uncertainty surrounding the movement-based figures, Figure 7.5 displays how the
“higher confidence” and “lower confidence” figures fluctuated from 2006—2009 (Cocaine Smuggling
in 2009; ONDCP, 2010). Movements documented by the CCDB have three levels of certainty:
confirmed (seizures), substantiated (visual or corroborating information), and suspect (lowest
confidence). The “higher confidence” estimates include those that are confirmed or substantiated.
The ratio of lower to higher confidence increased from 2:1 in 2006 (1,032/518) to nearly 3:1 in 2009
(1,149/393). While the higher confidence estimate decreased by almost 25 percent from 2006 to
2009; the lower confidence estimate actually increased by slightly more than 10 percent over this

period.
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Figure 7.5. Estimates of Cocaine Flow from Cocaine Smuggling in Year 2009 (EQ)
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7.1.4. Comparison with Consumption Estimates

Multiple indicators on the demand and supply side all point to a roughly 50-percent decline over the
relatively short time between 2006 and 2010. Our consumption results suggest that the number of
pure MTs of cocaine consumed in the United States decreased by roughly half over the decade, with
most of the decrease occurring after 2006.2% CNC estimates of pure potential production in Colombia
likewise decreased by about half after 2006. Similarly, trend data from Cocaine Smuggling in 2010
show a large increase in cocaine movements from 2006—-2007, followed by nearly a 50-percent drop
from 2007 to 2010. Finally, retail powder cocaine purity fell in the United States over this period,
which is consistent with a constrained supply (from 74 percent to 52 percent, unpublished data from

IDA published in ONDCP, 201343, Table 62).

*8The UNODC series for U.S. cocaine consumption (WDR 2011, Table 87) is based on an extrapolation of the
2000 estimates produced by Abt (2001) for ONDCP. As this methodology has now been updated twice since
those results were published (once by the same set of authors), we are cautious about giving these estimates
too much weight; however, for 2006—2009 they show a 37-percent reduction in cocaine consumption with the
estimate for 2009 being 157 MTs, with a range of 133 to 211 MTs.
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7.2. Heroin

Global opium production has been dominated by Afghanistan since the mid-1990s (Bureau of
International Narcotics and Law Enforcement Affairs, 2013). Although Afghanistan produces the vast
majority of the world's illicit opiates, only limited quantities of heroin seized and tested in American
cities are of Afghan origin. Analyses of seizures in the United States suggest that about 95 percent
comes from South American—most likely Colombia and Mexico. Moreover, U.S. consumption is
believed to account for the vast majority of production from these two countries. Thus, the

following analysis focuses exclusively on Latin American heroin production and exports.

Figure 7.6 presents data justifying this focus. The DEA’s Heroin Signature Program (HSP) reports the
results of analyses of a sample of primarily large seizures in the United States, identifying the
country of origin. In addition, there are analyses of the origins of undercover retail purchases made
as part of the Heroin Domestic Monitoring Program (DMP) in approximately 25 cities.”? In most
cities, the DMP goal is to make 40 retail purchases spread out over the four quarters of the year—

New York City aims to make 80 purchases each year; and seven smaller cities, just 20 each.

Figure 7.6. Source of Heroin Seizures in the United States, 1977-2010
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As shown in Figure 7.6, Asia (mostly Afghanistan and Myanmar) accounted for the majority of the
HSP analyzed seizures, by weight, for most of the years from 1980 to 1994. Since 1998, the share for
Asia has never been more than 15 percent and often much less; in recent years, there have been no
seizures or purchases from Southeast Asia. The DMP data shown in Figure 7.7 for 1995-2010 are
broadly consistent in showing the domination of Mexico and Colombia and the total absence of
Southeast Asian heroin in recent years. There are a few large differences, however. For example, in
2003, the Mexican share in the HSP is only 3 percent—whereas in DMP, samples originating from

Mexico account for 39 percent of the total.

Figure 7.7. Source of DMP Purchases, 1990-2010
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Source: DMP, various years

Differences between the HSP and DMP are expected because they are based on different samples.
Fluctuations in the HSP also may reflect changing trafficking patterns, as well as enforcement
priorities. If resources are shifted to the Mexican border, the share of seizures coming from Mexico
is likely to increase. A shift to airport inspection and surveillance will likely increase the share of

seizures from Colombia, much of which is flown in by body carriers.
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Apart from year-to-year shifts, there may be statistical bias in the program (i.e., factors that lead to
sustained and systematic differences between the two sources). For example, Mexican smugglers
may make more shipments between ports of entry (POEs), compared to the air-shipment dependent
Colombian smugglers. If between-POE smuggling is lower risk than POE smuggling, the result will be

an overrepresentation of Colombian seizures compared to Colombia’s share of imports.

The DMP includes a substantial percentage of samples that are of unknown origin (UNKs); in 2011,
there were 197 samples that could not be identified with one of the four sources of origin,
amounting to 23.5 percent of the total observations. If, as has been conjectured by the DEA, there
are Colombian chemists working with Mexican refiners to produce white heroin from Mexican
opium, that might produce a number of UNKs that ought to be classified as Mexican.*® Since UNK
specimens are excluded from the analysis of national shares, that would lead to an under-

representation of Mexican heroin.

There is also a marked spatial pattern. When the proportion of DMP observations that are Mexican
vs. South American in origin are plotted on a map, the country divides fairly neatly into regions
where the two sources dominate: Mexican heroin west of the Mississippi and Colombian east of the
Mississippi. It is not the case that there is one homogenous U.S. market, within which there is more
or less a consistent proportion in any given city from each source region. Rather, most cities have
one dominant source region. The decision about which cities are included in DMP can influence the

overall proportion of DMP observations that are from one source region or another.

7.2.1. Heroin Production in Colombia and Mexico

Figure 7.8 presents the CNC estimates of heroin production in Colombia for the period 1999-2010,
as published in the State Department’s annual INCSR. The figures steadily declined throughout the
decade, and it is widely believed that Colombian production was replaced by Mexican production.
However, recent methodological changes make it difficult to say anything definitive about heroin
availability in the United States over this period. In 2011, the methodological model for both
Mexican marijuana and poppy cultivation was revised, which sharply reduced the estimates due to
reducing the number of growing seasons from three to two. The U.S. government now recognizes
that the previous estimates were inflated. There are no back-cast revised estimates (marijuana and

poppy/heroin) for the whole country of Mexico prior to 2011.%*

% see for example, U.S. Department of Justice and NDIC (2011).
* This paragraph was based on personal communication with Michael Cala of ONDCP in July 2013.

84



Figure 7.8. Estimated Heroin Production in Colombia (MTs), 1999-2010

.
.
M BN EEE RN

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

[
o

[
N

=
o
!

00
1

Potential Heroin Produciton (pure MT)

Notes: INCSR 2013: “No estimates in 2005, 2008, 2010, or 2011 due to cloud cover.”

But if it is true, this points to a paradox that was extensively analyzed by ONDCP (2012c), covering
2000-2006. If Colombian production has collapsed and Mexican production has soared, how is it
possible that both HSP and DMP continue to show roughly the same share of purchased heroin
coming from the two countries? For example, Colombia accounted for 49 percent of DMP

specimens, and Mexico for 44 percent, in 2009 *2

One possibility is underestimation of Colombian production. Cultivation estimates are made more
difficult by cloud cover, intercropping with licit agriculture, and dispersal of fields. There have been
years (such as 2005 and 2008) in which the lack of cloud-free days precluded an estimate of
cultivation area, the first step in the estimation procedure. There have been shifts in production
method data that have required back-casting adjustments to estimates. Still, none of this suggests
the possibility that Colombian heroin production has expanded or is comparable to the recent
figures for Mexican production. The INCSR for 2012 reports heroin seizure levels in Colombia in
recent years that are consistent with production levels that are modestly lower than previously. For
2007-2010, the total reported seizures of heroin in Colombia were 2.35 tons; in the previous four

years, the total was 2.8 tons. This is, of course, a much smaller decline than in the estimated

*In Figure 7.6, the classification is “SOAM” (South America). Estimates of opium poppy production in South
American countries other than Colombia are negligible.
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production levels, but still does not point to production in Colombia that might compare with that

estimated for Mexico.

Another potential source of inconsistency lies in the forensic signature analysis itself. The HSP and
DMP depend on obtaining background intelligence, investigative details, and authentic specimens
from each unique production type. An authentic specimen is an acquisition with a known source
country. Heroin processing classifications result from differences in starting material and processing
methods. Heroin classifications are contingent upon consistent starting material from a source
country being processed via consistent means. If either the starting material or the synthetic route
were to be varied, the analytical results could result in an unknown classification. If a source country
begins to produce heroin specimens that are forensically similar to an existing production method in
a different country, but few or no authentics are collected from the new production method, the
signature trends from the HSP’s or DMP’s classified sample pools are unlikely to indicate it. If
Mexican heroin refiners have switched to the use of chemicals and methods that previously have
characterized refining in Colombia, then DMP or HSP will overestimate the share that comes from

Colombia.

Estimates of heroin consumption in Latin America have no known provenance; they must be very
uncertain given the slight availability of data on prevalence and consumption.** However, no
government or analyst claims that there is a substantial market specifically for heroin or heroin-
derived products in Latin American countries. For example, the 2011 World Drug Report, discussing
2009, states, “In the Americas, the United States of America dominated heroin consumption”
(UNODC, 2011, p. 46). The Mexican Evaluation of Progress in Drug Control 2007-2009, produced
under the Mutual Evaluation Mechanism of the Organization of American States, presents a variety
of indicators of consumption. None shows much domestic heroin consumption, though the
indicators are not particularly strong.** Some South American countries have a substantial narcotics

problem, but the narcotics are diverted pharmaceuticals, rather than opium-based products.
7.2.2. Heroin Seizures

There is some evidence for an increase in imports from Mexico in the form of higher seizures of
heroin at the U.S. border with Mexico. Mexican heroin enters via the southwest border; much of the

Colombian heroin enters without going through Mexico (in contrast to cocaine). Southwest border

3 For a discussion of the availability of data on heroin consumption for Colombia, see Paoli, Greenfield and
Reuter, 2010 (Chapter 8).

* For example, the only treatment data available by drug of abuse of clients is for Youth Integration Services.
These are not described in the report, but if this covers only younger drug users, it will not include a large
share of heroin-dependent population, which is characteristically over age 25.
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seizures averaged 350 kilograms annually for the period 2001-2005. They have averaged 830
kilograms in the most recent three years 2008-2010, and show a sharp increase during those three
years, as indicated in Figure 7.9. The seizures away from the southwest border show a very different
pattern, declining by three quarters through 2009; 2010 saw an increase but still to a level less than
half of that in 2001. Whereas southwest border seizures accounted for only one-sixth of total Arrival
Zone seizures in 2001, they account for more than 55 percent by 2010. That said, the 2010 total
(3,291 kilograms) is only 15 percent higher than the 2002 figure (2,898 in 2002).

Figure 7.9. Heroin Seizures 2001-2010, Southwest Border and Elsewhere
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7.2.3. Comparison with Consumption Estimates

Chapter Four suggests that heroin consumption remained fairly stable throughout the decade,
although there is some evidence of an increase in later years. Most of the heroin consumed in the
United States comes from poppies grown in Colombia and Mexico, but data deficiencies surrounding
associated production figures from 2005 to 2010 make comparisons difficult. There was a steady
increase in the amount of heroin seized within the United States and at the southwest border from

2007 through 2010.

7.3. Methamphetamine

The meth consumed in the United States is produced both domestically and abroad. One source of
foreign meth production is Southeast Asia; production from Asia that reaches the United States

primarily supports consumption outside the continental United States, including Hawaii and Guam
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(National Drug Intelligence Center [NDIC], 2005). Mexican production is a larger concern, responsible
for a substantial and growing portion of methamphetamine for mainland U.S. consumption. While
we do not know the precise proportions, we do know that the share coming from Mexico has varied

over time (see, e.g., Cunningham et al., 2009).

There are two major methods for producing methamphetamine, each of which uses different
precursors (NDIC, 2005). The first is an ephedrine/pseudoephedrine reduction (E/P reduction),
wherein ephedrine (EPH) or pseudoephedrine (PSE) are combined with various acids, alkalines,
metals, and other components to produce d-methamphetamine. There are several specific formulas
(called recipes) in this method, including several using iodine-based and phosphorus-based
chemicals, and the Birch (or “Nazi”) method, which uses anhydrous ammonia and an alkali metal
such as sodium or lithium. The second major method is the Phenyl-2-propanone method (P2P),
which combines the base P2P with other chemicals to produce a lower quality dI-

methamphetamine.

A major constraint on methamphetamine production is the precursor chemicals. Starting with the
Chemical Diversion and Trafficking Act of 1988, increased restrictions on precursor chemicals at both
the state and federal level have ratcheted up the difficulty in obtaining precursor chemicals. The
most recent federal law is the Combat Methamphetamine Epidemic Act of 2005 (CMEA), which
expanded the limits on bulk sales of EPH and PSE, and required that EPH, PSE, and
phenylpropanolamine be placed “behind the counter” with transaction logs to account for all sales.
Some states take the additional step of linking those logs in a computerized database for sharing of

information across locations, or requiring a prescription for precursor medications.

7.3.1. Methamphetamine Production in the United States

Methamphetamine production in the United States has historically been associated with outlaw
motorcycle gangs for consumption in the western United States. To counter growing
methamphetamine production, various laws restricting precursor chemicals have been
implemented. The most recent of these laws on the national level was the CMEA passed in 2006. At
that time, a majority of meth production by weight came from domestic super labs (O'Connor et al.,
2007, p. 4). Since then, domestic production has primarily switched to small-scale laboratories, as
producers had more difficulty getting precursors in larger quantities. Additionally, advances in
smaller-production recipes developed in this period, making it easier for methamphetamine to be
produced in spite of the quantity limitations. More recently, the number of superlabs has begun to

rebound, with increased seizures of them in California beginning in 2008 (NDIC, 20103, p. 35).
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The number of methamphetamine labs seized is a commonly used indicator for methamphetamine
production, although there are several challenges in interpreting seizure numbers. First, there is
little evidence to support the assumption that the share of labs that are seized is stable over time.
Law enforcement and criminals are engaged in a cycle of countermeasures—where law enforcement
detection can improve one year, while the trafficker concealment improves the next. More
importantly, the share of labs seized may be related to the size of the problem itself, where specific
policy actions may lead to an increased emphasis on finding labs; paradoxically, an increase in
enforcement may shut down an increased number of labs, decreasing actual production while falsely

indicating an increase in production.

Second, the definition of a lab encompasses a range of variation in kinds of labs and quantities
produced. The largest domestic superlabs are defined as those capable of producing 10 or more
pounds in a single production cycle. DSLs typically use bulk EPH/PSE for production. STLs use over-
the-counter (OTC) products containing EPH or PSE. While often STL production occurs in a house or
a trailer (O’Connor et al., 2007, p.4), STLs can be very small indeed—one E/P reduction recipe called
“shake and bake” produces methamphetamine in a sealed two-liter soda bottle (NDIC, 2010b, p. 35).
The variation in production size can complicate national estimates of methamphetamine production

based on the number of identified labs.

Despite these caveats—and the fact that these figures are voluntarily reported—the number of
laboratory seizures tells a story consistent with current understandings (Figure 7.10). The number of
lab seizures declined at the same time that precursor laws were coming into effect in the first half of
the decade, but clearly rebounded in 2009 and 2010. Lab seizures in 2009 and 2010 were not as
large as the seizures in the first half of the decade, which the DEA interprets as an increase in
domestic methamphetamine production but not to the levels seen before precursor laws were

strongly in place (DEA, 2012).
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Figure 7.10. Methamphetamine Lab Seizures in the United States, 2000-2010
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7.3.2. Methamphetamine Produced or Transported through Mexico

Efforts to constrict domestic production in the United States have increased the opportunities for
Mexican drug trafficking organizations (DTOs) to expand into the methamphetamine market in the
United States. As a result, “Mexican [DTOs] have become the primary manufacturers and

distributors of methamphetamine to cities in the Midwest and West” (DEA, 2011).

The restriction of precursor chemicals has also been undertaken in Mexico. In 2005, Mexico began to
restrict the importation of precursor EPH and PSE, culminating by 2009 in a ban on both chemicals in

Mexico (NDIC, 2010a, p. 34). However, DTOs in Mexico continue to obtain EPH and PSE illegally.

Due to these precursor restrictions, Mexican meth production switched to alternative production
methods between 2005 and 2008. There is some evidence that methamphetamine production
decreased in this period, as evidenced by the seizure of methamphetamine at the Southwest border
of the United States. However, these same indicators suggest that Mexican-produced meth has
rebounded and continued its increasing trend. Mexican DTOs adapted to alternative production
methods by smuggling prohibited precursor chemicals, using alternative chemicals that can be used
to create EPH or PSE, and using alternative production methods that do not use EPH or PSE (notably

the P2P method) (NDIC, 20104, p. 34).

With regards to the data on meth labs seized, these problems appear substantial. Data on

methamphetamine laboratories seized in Mexico are available from multiple sources: the
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government of Mexico, as reported to the DEA and available in the National Drug Threat Assessment
(NDTA) (NDIC, 2010a); and the UNODC, to which Mexico reports (Figure 7.11). A first concern is that
these two present not only different counts, but also different trends. At least one of the two
datasets is inaccurate. A second concern is the apparent increase in seizures. Between four times
(using NDTA figures) and nine times (using UNODC figures) as many Mexican methamphetamine
laboratories were reported seized in 2009 as in 2008. It seems unlikely that methamphetamine
production increased by a comparable amount in those years. This concern is even more
exaggerated in Mexican methamphetamine seizure data (Figure 7.10), with a nearly twentyfold
increase in seizures between 2008 and 2009. The discrepancy and extremely large increases raise

important questions about the validity of these series.

Figure 7.11. Methamphetamine Lab Seizures in Mexico, 2000-2010
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Figure 7.12. Methamphetamine Seized in Mexico, 2000-2010
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Another source of data that may inform us about Mexican methamphetamine production is the
amount of methamphetamine seized at the southwest border of the United States. Figure 7.13
shows there was a decrease associated with the implementation of EPH/PSE restrictions between

2005 and 2008, but amounts have been trending upward since 2008 as DTOs adjusted.

Figure 7.13. Meth Seized at the Southwest U.S. Border, 2000-2010
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Finally, if there was such a large increase in meth supply late in the decade, we would expect to see

a decrease in the purity-adjusted price at the retail level in the United States. And indeed, as Figure
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7.14 shows, the price per pure gram of methamphetamine tended to go down in years with large
guantities seized—suggestive of abundant supply—and to go up in years when less was seized. For
example, there appears to be a price decrease through 2005, an increase through 2008, and a 32-

percent decline through 2010 (which continues through 2011; not displayed).

Figure 7.14. Price per Pure Gram of Methamphetamine, 2000-2010

$250

RN A

$150

$100

$50

Price per Pure Gram in 2010 ollars

$0 T T T T T T T T T T 1
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Source: ONDCP, 2013

7.3.3. Comparisons with Consumption Estimates

Most of the consumption and supply-side meth indicators tell a similar story through 2008. From
2000 to 2004, there was a sharp increase in consumption; from 2004 to 2008, there was a decrease
in consumption. Whether meth consumption peaked in 2004, 2005, or 2006 depends on the
indicator. These trends are consistent with data about meth lab seizures in the United States, meth

seized at the southwest border, and U.S. meth prices.

The similarities stop after 2008. Our consumption figures are virtually flat through 2010; QUEST
positive drug tests are flat; treatment admissions decrease; emergency room visits increase; and
past-month users in the household population increase in 2009, then decrease in 2010 (see Chapter
Two). All the supply-side indicators suggest large increases from 2008 to 2010, and this is consistent
with the decrease in meth prices beginning in 2009 that continue through 2011 (not displayed;
ONDCP, 2013).
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7.4. Marijuana

Marijuana is produced throughout the world, both outdoors and indoors. Unlike coca and opium,
the yield per unit area is high enough to make it worth the effort to grow in very small batches. This
makes indoor production not only a possibility, but a preferred option for those seeking to produce
highly potent sinsemilla;** growing indoors reduces the probability that female plants are pollinated,
thus increasing THC content. The geographic dispersion of production, the ability to hide outside
grows, and increasing significance of indoor production all complicate efforts to generate supply-

side estimates of the U.S. marijuana market.

Based on a review of national and international documents, reports from local DEA offices, and an
analysis of marijuana price information from general population and arrestee surveys, Kilmer et al.
(2010b) concluded that 40-67 percent of the marijuana consumed in the United States came from
Mexico circa 2008. With smaller amounts of marijuana imported into the United States from
Canada, Jamaica, and elsewhere, they concluded that the majority of marijuana consumed in the
United States at that time was imported, with most coming from outdoor production in Mexico.
Unfortunately, estimates of Mexican marijuana production have long been inconsistent and at times

implausible (Reuter, 1996; Kilmer et al., 2010b).

The caveats about “circa 2008” in the previous paragraph are important. U.S. domestic production
has been highly dynamic over the last decade, so the balance of domestic vs. imported marijuana

has been in flux.

This section reviews the available supply-side indicators for marijuana in the United States and

Mexico and compares them with the consumption estimates generated in Chapter Five.

7.4.1. Marijuana Production in the United States

The claim that U.S. marijuana production reaches or exceeds 10,000 MTs appears prominently in
policy debates (Kilmer et al., 2011).3® As Gettman (2007) notes, this figure appears in numerous
official national and international reports, including the 2002, 2003, and 2005 INCSRs, the 2003
National Drug Control Strategy, and the United Nation’s Global Illicit Drug Trends, 2003 and the 2004
World Drug Report. However, there are no sources cited by the INCSR, the NDCS figures, or ,
although the U.N. reports reference the 2003 INCSR and 2003 National Drug Control Strategy.

35 “Sin semilla” means “without seed” in Spanish and is a term used figuratively for unfertilized female
cannabis plants.
% parts of this section were previously published in Kilmer et al. (2011).
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The figure may have its origins in a report published in 2002 by the Drug Availability Steering
Committee (DASC),”” which was chaired by the DEA and included representatives from other law
enforcement agencies. We note the weaknesses of this estimate, but we also stress that DASC
explicitly acknowledged those weaknesses.*® For example, while DASC expressed some confidence in

its cocaine estimates, with respect to U.S. marijuana production, it stated:

The quantity of domestically produced marijuana that was available in the United States in
2001 is unknown. While the group did develop a methodology for determining such
availability in the future, the uncertainty in the required data, some of which do not
currently exist, is magnified by the model, and prevents the derivation of a credible estimate
at this time. However, by making reasonable assumptions regarding the number of cannabis
plants eradicated and the amount of marijuana potentially produced per cannabis plant, and
applying a set of hypothetical values for the cannabis eradication rate, the model yields an
estimate for the availability of domestic marijuana ranging between 5,577 and 16,731 metric

tons (p. 103).

The DASC estimates are reproduced in Table 7.2. DASC’s figure of 5,577 MTs combines plants
eradicated (4,150,173) with assumptions that one marijuana plant yields about one pound (448
grams)®® of consumable product annually, and that 25 percent of all domestically produced
marijuana is seized (5,577 MTs = 4.15 million plants * 448 * (1 — 25 percent) / 25 percent). The
16,731 MTs figure is obtained by reducing the seizure rate to 10 percent. There is little agreement
on the yield of a typical marijuana plant (Bouchard, 2007; Caulkins, 2010a), so DASC also displays net

production figures for per plant yields of 200 grams and 1,000 grams (1 kilogram).*

This lack of agreement stems not just from imperfect information but also from the malleability of
the marijuana plant itself. Where there is an incentive to minimize the number of plants grown (e.g.,
out of concern for enhanced sanctions that take effect with possession of 100 or more plants), one
can grow very large plants. This is not uncommon with outdoor grows. By contrast, where the

incentive is to maximize yield per unit area (e.g., when growing indoors), it is more effective to grow

%7 Since the 2002 INCSR report was published in 2003, it could have been influenced by the DASC report.

*8 Indeed, the DASC (2002) report is an exemplar of sensible analysis that was sensitive to its own limitations;
the world of drug policy would be better informed if all government reports matched its integrity in this
regard. Our criticism is not with the original authors, but rather with the subsequent repeated acceptance of
the figure without acknowledgement of its limitations.

* Itis unclear why this figure listed in the text; there are 454 grams in one pound.

“® DASC observes about yield estimates: “There is no single agreed upon estimate for the average quantity of
marijuana that can be produced from a single cannabis plant. The Royal Canadian Mounted Police uses an
estimate of 170 to 200 grams per plant in estimating marijuana production in Canada. DEA uses an estimate of
approximately 1 pound (448 grams) per plant based on a University of Mississippi study published in June 1992
and the USFS uses an estimate of 1 kilogram.”
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many small plants that are harvested more times per year. Yield also varies depending on whether
only buds or also other parts of the plant are harvested. The DASC figure of one pound per plant is
more representative of outdoor growing of “commercial grade” marijuana; by contrast, Toonen et
al. (2006) report average yields of just 33.7 grams per plant, or a little over an ounce per plant from

indoor cultivation.

Table 7.2. DASC Estimates of Domestically Produced Marijuana
Potentially Available in the United States (in MTs)

Assumed Yield per Plant Hypothetical Eradication Rate

10 percent 15 percent 25 percent
200 grams 7,470 4,703 2,490
448 grams (~1 pound) 16,731 10,534 5,577
1 kilo 37,350 23,516 12,450

Notes: Reproduced from DASC (2002), Table 4-2, page 109.

The DASC estimates were meant to illustrate how the calculations would work if the relevant
parameters were known. Indeed, DASC explicitly states that it does not know the eradication rate:
“There is currently no basis upon which to derive a credible estimate of the effectiveness of
domestic cannabis eradication efforts. The figure is unknown” (emphasis in original; p. 116). Further
highlighting the uncertainty is a memorandum at the end of the DASC report from the DEA’s
Statistical Services Unit with a list of alternative estimates about marijuana availability. After
accounting for eradication, this memorandum states that net marijuana production in the United
States was 2,355 MTs—far lower than the oft-reported 10,000 MTs and close to the lowest estimate
reported in the DASC table (reproduced in Table 7.2). Even if the dubious 10,000 MTs claims trace to

the DASC report, the fault for such misunderstanding does not lie with the DASC.

While it may be tempting to use seizure data to understand trends in supply, caution should be used
when trying to draw inferences from seizure statistics. As noted by Reuter (1995), “the quantity
seized is a function of at least three factors: (1) the quantity shipped, (2) the relative skill of the
interdictors, and (3) the care taken by smugglers.” Further, NSS, the most comprehensive database
of seizures in the United States, does not include information from all seizures. Indeed, the DOJ’s
Office of the Inspector General warns that, “As a result, intelligence products based on this data (sic)

may be incomplete or inaccurate.”*!

*! From U.S. Department of Justice and NDIC (2010): “First, EPIC has not developed the National Seizure
System into a comprehensive database into which all drug seizures are reported nationwide. Rather, reporting
seizure information into the system is optional for most federal, state, and local agencies. As a result,
intelligence products based on this data may be incomplete or inaccurate.”
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As a further complication, not all data systems distinguish the type of cannabis product seized.
Sinsemilla may contain two or even three times THC per unit weight than does standard commercial-
grade marijuana (Kilmer et al., 2010b). Increasingly it is standard practice to adjust cocaine and
heroin estimates for variation in purity up and down the supply chain and over time, but it is not yet

commonplace to attempt an analogous adjustment for THC content when tracking marijuana supply.

Some data about the eradication of marijuana plants are also collected by local, state, and federal
law enforcement agencies. The DEA funds the Domestic Cannabis Eradication/Suppression Program
(DCES/P) which (as of 2011) provides funding and assistance to 124 state and local law enforcement
agencies to help with their cannabis eradication efforts (DEA website, undated). Figure 7.15 displays
the number of indoor and outdoor plants eradicated from 1993—-2010. There is a large increase in
both values beginning in 2005, and this may be at least partially attributable to a shift in law

enforcement priorities:

In 2005, the Office of National Drug Control Policy (ONDCP) and DEA, along with other
federal, state, and local law enforcement and intelligence agencies, identified California,
Hawaii, Kentucky, Oregon, Tennessee, Washington, and West Virginia as the primary
marijuana cultivation states (M7 states). After the M7 states were identified, law
enforcement resources were shifted to focus eradication efforts on these states. Much of
the funding used to facilitate these eradication operations is provided through DEA’s DCE/SP
Program. DCE/SP data show that more than 8 million plants were eradicated in 2008, 89
percent (7,136,133 plants of 8,013,308 plants) of which were eradicated in the M7 States
(NDIC, 2009, 6).

Counting plants is even more problematic than counting weight seized without differentiating by
type of cannabis. As noted above, yield per plant varies by more than an order of magnitude

depending on the variety and nature of cultivation.
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Figure 7.15. Plants Eradicated as Part of the DEA’s Domestic Cannabis Eradication/Suppression
Program, by Year
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7.4.2. Marijuana Production in Mexico

While estimates of marijuana production in Mexico do exist, analysts have raised doubts about these
figures (Reuter, 1996; Kilmer et al., 2010b).*> One reason for the inconsistency in production figures
over time was the lack of reliable information about typical yield. Indeed, the 2011 INCSR states that
reliable information about marijuana yields were not available to estimate potential marijuana
production for 2009 (U.S. State Department, 2011) and as of the 2012 INCSR, marijuana production
figures were no longer generated. As noted in Section 7.1, the U.S. government recently revised its

methodological model for estimating Mexican marijuana production in 2011 and believes that the

2 Reuter (1996) documented the “fundamental unsoundness” of the estimates from the late 1980s. Notably,
the 1990 INCSR Report (Bureau of International Narcotics and Law Enforcement Affairs, 1990) showed an
increase in Mexican marijuana production from 5,700 MTs in 1988 to 47,000 MTs in 1989 because of “changes
in estimation techniques,” without explaining what the changes were. Likewise, no explanation was given for
why the 1994 INCSR later reduced the 1989 figure from 47,000 MTs to a still-high 30,200 MTs. After another
aberrant year (19,700 MTs in 1990), the estimates returned to more plausible values, beginning with 7,775
MTs in 1991 (Bureau of International Narcotics and Law Enforcement Affairs, 1994). For Mexican production
estimates, the figures remained between 5,300 and 11,300 MTs for 15 years before rising sharply in the early
2000s, again without a convincing explanation. While INCSR’s supply-side estimates suggest that net
production in Mexico almost tripled between 2001 and 2008 (from 7,400 MTs to 21,500 MTs), we
demonstrate in Chapter Five that marijuana consumption remained quite stable during that period.
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previous estimates were inflated. This raises important questions about the reliability of the

previously published estimates.

Now, only estimates for hectares of Mexican cultivated cannabis are reported in INCSR, and it
appears there was a very large increase from 2005 to 2010 (Figure 7.16). Some attribute the increase
to Mexican officials moving military and law enforcement officials away from eradication so they

could address the drug-related violence plaguing the country (e.g., NDIC, 2010a).

Figure 7.16. Estimates of Marijuana Cultivation in Mexico, 1991-2010
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A recent rise in cultivated hectares is consistent with the increase in seizures of marijuana at the
southwest border, most of which is presumably produced in Mexico. Table 7.3 displays NSS data for
kilograms of marijuana seized along the southwest border and in the rest of the United States.*
According to the NSS, the amount of marijuana seized along the border was fairly flat from 2001 to

2006; then, from 2006 to 2010, the amount seized nearly doubled—from 1,150 MTs to 1,960 MTs.

* Since U.S. Customs and Border Protection (CBP) makes a large share of seizures on the southwest border
and they are a federal agency, the aforementioned concern about missing NSS information may be less of a
concern in this context.

99



Table 7.3. Marijuana Seized in the NSS (in MTs)

United States (Non- Southwest
Year Southwest Border) Border TOTAL
2001 271 1,165 1,435
2002 217 1,183 1,400
2003 303 1,345 1,648
2004 196 1,157 1,352
2005 303 1,095 1,398
2006 239 1,153 1,392
2007 288 1,475 1,763
2008 261 1,353 1,614
2009 276 1,965 2,241
2010 382 1,960 2,342

Source: NSS, as of December 1, 2012.

7.4.3. Comparison with Consumption Estimates

Our Chapter Five estimates suggest that marijuana consumption likely increased by approximately
40 percent from 2002 to 2010. Data from multiple sources (e.g., U.S. southwest border seizures,
number of eradicated indoor grow operations, estimates of the amount of land used to cultivate
marijuana in Mexico) suggest there may have been an increase in the amounts of marijuana
produced in both the United States and in Mexico after 2005. It is encouraging to see these data
sources moving in the same direction, but given the limitations of the data, even that concordance is

not necessarily definitive.

Seizures reported to NSS generally parallel our consumption figures. Thus, the implied seizure rate
for 2002-2010 remained surprisingly stable at 25 percent and 30 percent (the gray line in Figure

7.17). That stability is noteworthy considering the series come from very different sources.
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Figure 7.17. Marijuana Seizures, Consumption, Estimated Seizure Rate, 2002-2010
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7.5. Discussion

There are important challenges in comparing trends in drug consumption estimates with drug supply
indicators. The error bands for most of these drug availability estimates are large; thus, caution
should be used when trying to understand year-to-year changes (ONDCP, 2012b). Longer time

horizons may allow for more informative comparisons.

For marijuana and cocaine, the consumption and supply-side indicators both showed similar trends
suggesting large consumption changes in the last half of the decade. For 2000 to 2005, there was
much less consistency. Given the large amount of uncertainty surrounding all of these figures, the

pre-2005 fluctuations may be little more than noise.

With the U.S. government revising their methodology for estimating Mexican heroin production in
2011 and stating that previous estimates were inflated, it is impossible to compare these figures
with our consumption estimates, which are fairly flat over the decade. Heroin seized throughout the
country decreased from 2000 to 2005 and then increased through 2010, but this could be more of a

reflection of enforcement priorities and smuggler precaution than consumption.

While there are also important differences in the supply- and consumption-based estimates for
methamphetamine, they are not as surprising. On the demand side, national datasets do not do a

good job of capturing methamphetamine use (Nicosia et al., 2009), and the absence of ADAM data

101



during the peak of meth use in the United States makes our consumption results highly dependent

on how time is incorporated into our models.

In summary, the broad trends in consumption of marijuana and cocaine appear to be reasonably
well understood since they are detected in both demand and supply-side indicators. There is
likewise agreement concerning an increasing trend in meth consumption over the first half of the
decade and subsequent decline through 2008, but there is not comparable agreement as to the
level, and we suggest that the most defensible position concerning trends in meth consumption
from 2008 to 2010 is simply to admit the data are insufficient to provide clear guidance. Most of the
heroin consumed in the United States comes from poppies grown in Colombia and Mexico, and data
deficiencies surrounding associated production figures from 2005 to 2010 make comparisons
difficult. There was a steady increase in the amount of heroin seized within the United States and at

the southwest border from 2007 through 2010.
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8. Conclusions

This report presents estimates of the size of the cocaine, heroin, marijuana, and methamphetamine
markets in the United States for 2000 through 2010. For each substance, we estimate the total
number of CDUs (defined as those using four or more times in the previous month), total weight

consumed, and the total amount spent purchasing these substances. Main findings include:

e Drug users in the United States spend on the order of $100 billion annually on cocaine,
heroin, marijuana, and methamphetamine. While this total figure has been stable over the
decade, there have been important compositional shifts. In 2000, much more money was
spent on cocaine than marijuana; in 2010 the opposite was true.

e From 2002 to 2010, the amount of marijuana consumed in the United States likely increased
by about 40 percent while the amount of cocaine consumed in the United States decreased
by about 50 percent. These figures are consistent with supply-side indicators, such as
seizures and production estimates.

e Heroin consumption remained fairly stable throughout the decade, although there is some
evidence of an increase in the later years. Most of the heroin consumed in the United States
comes from poppies grown in Colombia and Mexico, but data deficiencies surrounding
associated production figures from 2005 to 2010 make comparisons difficult. There was a
steady increase in the amount of heroin seized within the United States and at the
southwest border from 2007 through 2010.

e Methamphetamine estimates are subject to the greatest uncertainty, because national
datasets do not do a good job of capturing its use (Nicosia et al., 2009). Three particular
challenges were that ADAM was discontinued when methamphetamine use was believed to
be at its peak (2004-2006), ADAM-II covers very few counties with substantial
methamphetamine use, and NSDUH changed how it asked about methamphetamine use in
2006. While multiple indicators are consistent with an increasing trend in meth consumption
over the first half of the decade and a subsequent decline through 2008, there is not
comparable agreement as to the level. We suggest that the most defensible position
concerning trends from 2008 to 2010 is simply to admit the data are insufficient to provide
clear guidance.

e Total consumption and expenditures are driven by the minority of very heavy users who
consume on 21 or more days each month.

There is great uncertainty surrounding these market size estimates, particularly for
methamphetamine, and in many cases, the extent of the uncertainty cannot be bounded or

quantified. Though this analysis weaves together information from a variety of indicators, survey
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self-reports remain a principal source of information about user behaviors—frequency, quantity, and
spending. The organizations conducting these surveys expend considerable effort trying to minimize
misreporting, including sometimes confirming self-reported data by testing users for the presence of
drugs. Nevertheless, there is no way to entirely escape the basic limitations of survey self-report,

and unfortunately supply-side estimates are plagued by different but equally severe limitations.

This raises two important questions: Can these demand-side estimates for illicit drugs be improved?

And what would it take to do so?

The answer depends on the drug. In brief, we are optimistic about the possibility of refining the
marijuana estimates. In contrast, we are decidedly pessimistic about meth, because much of its use
falls outside the ambit of the standard data systems. The prospect of improving estimates of the size
of cocaine and heroin markets largely depends on whether the surveys that reach heavy users of

these two drugs could be enhanced and extended.*

The biggest challenges for sizing marijuana markets is obtaining information about quantity
consumed per day of use and assessing the validity of self-reported surveys. The science on
quantifying consumption per use day (in terms of grams and THC) is in its infancy. We know far too
little about how sharing behavior is reflected in self-reports of quantity consumed and how
consumption patterns vary among different categories of users. However, given the large shifts in
public opinion about marijuana use (Pew, 2013), we expect this will receive more attention in the
future, especially from analysts and funders interested in assessing the consequences of changing
marijuana laws at the state level (see, for example, Kilmer et al., 2013). Relatively modest revisions
to the questions about marijuana in NSDUH would go a long way toward resolving this challenge. For
example, asking users about their past-week purchases instead of only their most recent purchase
would be very helpful. With respect to assessing the validity of self-report surveys, there is an
established literature, but it is relatively old and focuses more on admissions of any use (i.e.,
prevalence) than on quantities consumed (needed for estimating market size). Studies that validate
self-reported data for a broad spectrum of users would be welcome, as would studies that assess the

validity of frequency/intensity of use, not just prevalence.

The data situation for meth is dismal and unlikely to improve under the current data collection
regimes. Unless serious efforts are made to systematically capture information from producers and
heavy users outside of urban areas, we will remain in the dark about a relatively large segment of

meth consumption.

* The market for diverted pharmaceuticals fell outside the scope of this report, but its estimation may also
require investments in additional primary data collection.
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The prospects for more accurately sizing the heroin and cocaine markets largely depend on the
ability to obtain information from heavy users. These estimates have long been rooted in
information from the arrestee population, but funding cuts to the ADAM program have reduced the
number of participating counties from more than 40 in 2003 to ten in 2007 and just five in 2011. The
well-documented geographical variation in these markets cannot be monitored when so few
counties are included. The limited information about arrestee drug use after 2003 accounts for a
large share of the uncertainty in our estimates. Another potential source of information about heavy
users is the treatment population, but we don't know enough about how often users touch the

treatment system.

Of course, there could be a technological innovation that improves our understanding of these
markets. For example, the increased attention to wastewater analysis is intriguing, although its

usefulness for estimating the market size for an entire country remains unproven.

The statistical models presented in Chapter Two demonstrate that several county-, MSA- and state-
level variables are correlated with arrestee drug use. Thus, in the short run it would not be
unreasonable to combine the parameters estimated from our models with more recent data on
those variables to “predict” county-year averages of positive tests among arrestees (and then
extrapolate to other populations). However, this cannot serve as a satisfactory long-run strategy for
monitoring drug markets, as the relationships between these variables will inevitably change over
time. Thus, continued investment in regular (though not necessarily annual) collection of detailed

data from users, especially heavy users, is warranted.
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