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PREFACE

This report presents a model-based policy analysis of alternative methods of contzol-
ling cocaine use in the United States. It builds upon previous and parallel work at
RAND and eisewhere on cocaine supply and cocaine demand. In particulan

»  Reuter, Peter, and Mark Kleiman {1988), “Risks and Prices: An Economic Analy-
sis of Drug Enforcement,” in Crime and justice: A Review of Research, Norval
Morris and Michael Tonry (eds.), Chicago: University of Chicago Press.

» Crawfofd, Gordon B., and Peter Reurer (1988), Simulanion of Adaptive Response:
A Model of Dirug Interdicrion, N-2680-USDP, Santa Monica, CA: RAND,

*  Homer, Jack B. {1990}, A Systern Dynamics Simulation Model of Covaine Preva-
fence, Los Angeles, CA: UCLA Drog Abuse Research Group.

« Bombeg«&&éore, Bonnie, and Susan Hesgtar (1994), A System Description of the
Locaine Trade, ME-238-AJAFJDPRC, Santa Monica, CA: BAND.,

* Kennedy, Michael, Peter Reuter, and Kevin Jack Riley (1984), A Simpile Economic
Model of Cocaine Production, MR-201-USDP, Santa Monica, CA: RAND.

» Everingham, Susan 8., and C. Peter Rydell {1994), Modeling the Demand for
Cocaine, MB-332-ONDCPIA/DPRC, Santa Monica, CA: RAND,

With that other work as & foundation, this study focuses on ways 1o intervene in the

* supply and demand processes 1o mitigate the cocaine problem.

This analysis examines only cocaine-control programs, That is a sufficiently ambi-
tious undertaking, given the current state of the art of cost-effectiveness analyses of
drug-control policies. However, the anaiytical methods used here are relevant to
analyses of control programs for other illicit drugs, such as heroin and marijuana.
Moreover, the programmatic conclusions of this study are likely to have analogues in
those ather drug-control efforts.

The work reported here was sponsored by the Office of Nadonal Drug Control Policy,
the {1.5. Army, RANEY's Drug Policy Research Center {DPRC) with funding from The
Ford Foundation, and RANIY's Social Policy Department. The research was jointly
carried out within three RAND entities: the DPRC, the National Defense Research
Instirute (NDRI), and the Strategy and Doctrine Program of the Arreyo Center. NDRI
is a federally funded research and development center that supperts the Office of the
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Secretary of Defense, the joint 3taff, and the defense ag&néies* The Arroye Center is
the U.S. Army’s federally unded research and development center,
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SUMMARY

The current cocaine epidemic in the United States started in the late 13603, picked
up momentum during the 19705, and is stll going strong in the 1930s. The number
of cocaine users peaked in the early 19803 at abowt 9 million, and has gradually
decreased to a little more than 7 million today. However, that downward trend in the
total number of users Is misleading, because a decline in the number of light users
has masked an increase in the number of heavy users.?

Hewvy users consume cocaine at a rate approximarely eight times that of Hghr users,
so the upward rend in consumption by heavy users roughly cancels the downward
trend in consumprion by light users. The result is that total consumption of cocaine
in the United States has remained at its mid-1380s peak for almost a decade {ses
Figure S.1}.

300

%

g
=1

3

50

Cocaine consumplion {moiric tons)
b
&

1977 1982 1887 1982
Flgure 5.1-Cocaine Consumpiion, by Type of User: 19721882

FThiy anstysis defines “heavy use” as onte 4 week or more and "Hght use” 83 a1 least once 2 year, but Joss
thar weekly. At the end of 1992, fiers were an esdmated 5.6 ruillion dight uters and 1.7 millinn heasvy
W zs, by these definitinns
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The persistence of high levels of cocaine consumption indicates the magnirude sithe
cacaine problem and the need for government to think carefully about its response.
Part of thinking carefully includes estimating the relative cost-effeciveness of vari-
ous available interventions. Four such interventions analyzed in this report are;

»  Source.country comtral: coca leaf eradication; seizures of coca base, cocaine
paste, angd the final ¢cocaine product in the source countries (primarily Peru,
Bolivia, and Colombia).- .

» interdiction: cocaine seizuresand asset seizures by the U.S Customs Service, the
U.5. Coast Guard, the U.S. Army, and the Imnigration and Naturaiization Service
{INS). )

* Domestic enforcement: cocaine seizures, agset seizures, and arrests of drug
dealers and their agents by federal, state, and local law enforcemnent agencies;
imprisonment of convicted drug dealers and their agents.

‘= Treatment of heavy users: gutpatient and residential meatrnent programs.

This study analyzes the relative and, to a lesser extent, absolute cost-effectiveness of
these programs. The first three programs focus on “supply-contol,” They raise the
cost to dealers of supplying cocaine by seizing drugs and assets, and by arresting and
incarcerating dealers and their agents. The increased production costs raise retail
cocaine prices and thus reduce consumption, partly by discouraging current con-
sumption and partly by modifying the flows of people into and out of cocaine use, 50
that the number of cocaine users gradually declines.

The fourth program is a “demand-control” programy: It reduces consurmption di-
rectly, withour going through the price mechanism. Treagnent reduces consump-
tion in the short term, hecause most clients stop their cocaine use while in the pro-
gram, and in the longer terrm, because some clients sray off heavy drug use even after
treatment ends. '

User sancdons {arresﬁng and incarcerating people for nsing drugs) and drug-abuse
prevention programs {both school-based and communiry-based) are also viable in-
terventions, but analyzing them is beyond the scope of the present study.

To assess the cost-effectiveness of these programs, one needs 1o know {1} how much
is being spent on thém and (2} what benefits accrue from that spending. Determin-
ing current spending levels, although time-consuming in practice, is conceptually
straightforward. _

. Currentdly, an estimated $13 billion is being spent in the United States each year on
the four cocaine-control programs listed above, The bulk of these resources goes 1o
domestic enforcement—drug busts, jails, and prisons are expensive. Treatment ac-
counts for only a 7 percent share of this expenditure, even when privately funded
reatment is included (see Figure §.2).

Measuring the benefits of the four programs is more difficuls, in part because they
produce disparate effects, Supply-control programs generate Cocaine seizures, asset
seizures, and arrest and imprisonment of drug dealers, Treawment programs induce

3
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Treatrment Sourse-country contro! ' .

Domestic
erdforcemant

Figure S.2~-Distribution of Annual Expenditure on Cocaing Control 1992

people 1o stop using cocaine. These cutcome measures cannot be directly com-
pared; they must first be transiated into a common measure of effectiveness. For
much of this analysis, the common measure used is the cost of a given reduction in
115, consumnpton of cocaine. :

The analytical goal is to make the discounted sum of cocaine reductions over 15
years equal to 1 percent of current annual consumption. The most cost-effective
program is the one that achieves this goal for the least additional control-program
expenditure in the first projection year. The additional spending required to achieve
the specified consumption reduction is $783 million for source-country control, $366
million for interdiction, $24& million for domestic enforcement, or 334 million for
treatment (see Figure 5.3). The least costly supply-control program {domestic en-
forcement) costs 7.3 times as much as reatment to achieve the same consumption
reduction.

The short story behind the supply-conirol cost estimates is that money spent on
supply-control programs increases the cost to producers of supplying the cocaine.
Supply costs increase as producers replace seized product and assets, compensate
drug traffickers for the risk of arrest and imprisonment, and devote resources 1o
avoiding the seizures and arrests, These added costs get passed along to the con-
sumer as price increases, which in turn decreases consumption,

For example, 2 $246 million additional annual expenditure on domestic enforcement
causes annual cocaine supply £0SI8 to increase by an estimated $750 million, or 2
percent of the estimated $37.6 billion spent annually by consumers on ocaine. As-

H
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800
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‘Cost of reducing consumption by 1%
{% millions par year}

Source-country Interdiction Domestic Treatment
- contro . enfomemend

Figure S.:i—&m of I}er.:lﬂs!ng {otnine Consumption by 1 Percent with Alternative
Cocaine-Control Programs

suming that the percentage decrease in consumpton caused by a price increase is
haif the percentage price increase, the additfonal control expezzd:mre achieves the
go:zi of reducing ccmsumpuon byi pement

The specific cost estimates fot the suppiy«:emml programs are, of course, driven by
the assumption thata 1 percent increase in price causes a 0.5 percent decrease in ¢o-
vaine consumption. {Some of this consumption decrease occurs inmmediately as this
year's price increase reduces current consumptian; the rest accurs gradually over
time a8 the price incresse alters flows of peaple info and out of cocaine use) If the
consumption decrease caused by a price increase is large, the costs of achieving the
specified consumption reduction with supply-control programs will be proportion-
ately small. "However, the finding thar treatment programs are maore cost-effecrive
than enforcement programs is not In question, because the effect of price on con-
sumnption would have 1 be 7 times the assumed Jevel 1o alter that conclusion.

The estimate that an addmcmi $34 million: dolfars spent on cocaine treatment would
reduce cocaine consumption by 1 percent is based on two facters: (1) mosr users
stay off drugs while in treatment, and {2} some users stay off drugs after reamment.

The average cocaine treatment (a mixture of relatively inexpensive ourpatient and
relatively expensive residential treatments, including partal as well as complete
treatments) costs $1,740 per person treated, so $34 million pays for 19,500 treat-
ments. These additional eatments are assumed to be given to heavy cocaine users
{of whom there are about 1.7 million today) with average use of about 120 grams of
cocaine a vear. The average treatment lasts 0.3 years, and 80 percent of peopie in
. treatment are off drugs, so the in-treaunent effect of 19,500 treatments is about 5,000
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person-years less heavy cocaine use, which amounts o 0.6 metric tons less cocaine
consumpton.

An estimated 13 percent of heavy users treated do not return to heavy use after
treatrment. Although not all those deparrures are permanent, during the 14 years
following treatment, the 19,500 treatments would generate an estimated present
vaiue of 20,000 person-years less heavy cocaine use, which amounts to 2.4 metric
tons less cocaine consumption. 1f we add the 4.6 metric ton in-treatment reduction
to the 2.4 mewric ton after-treatment reduction, we find that 18,500 additional treat.
‘ments would reduce cocaine consumption by an amount equal to 1 percent of the
300 metric tons currently consumned anmually.

The specific cost advantage of treatment over enforcement (834 million as opposed 1o
$24¢ mitlion for domestic enforcement 1o achieve the same benefit) depends cru-
* ¢ially on the estimared afier-treatment effect. However, the cost advantage is 5o
large that even i the afrer-rreatiment effect is ignored, treatment stll is more cost-
effective than enforcement. The in-treatment effect is one-fifth of the io1al, and five
times 53¢ million is stll less than $246 million. '

Reducing the gquantity of cocaine consumed is not the only possible measure of pro-
gram effectiveness. However, our findings about the relative cost-effectiveniess of the
different control programs do not depend upon the choice of evaluation criteria. The
cost-effectiveness ranking of the control programs studied here is the same whether
one evaluates the programs in terms of their effects on consumption, the number of
users, or societal costs of critne and lost productivity due to cocaine use. Thatis, in
all cases, the supply-conirol programs are imore costly than treatment programs per
unit accomplishiment (see Figure $.43. ’

16

b
4
I

4
|

N
1

e
1

Ratio of domeslic eplorcement cast to
traatman? rost
@ © N
] ! 1
V/ /
% -

Lsars Consumption Societal cost
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The extent to which supply-control measures are more expensive, however, does -
vary depending on the evaluation measure chusen. Domestic enforcement costs 4
* dmes as much as treatment for 2 given amount of user reduction, 7 tmes as much
for consumption reduction, and 15 dmes as much for societal cost reduction.

These results suggest that if an additional dollar is going to be spent on drug control,
it should be spent on eaiment. not on a supply-control program. They do not,
however, indicate whether or not that dollar should be spent in the first place. It
might be that all four programs generate greater benefits than they cost, and treat-
ment is just the best of four good programs. Or, at the other extreme, reatment
. .might be merely the least ineffective of four ineffective programs.

With the first two criteria, quantity of cocaine consumed and number of users, this is
as specific as one can get without placing a figure on the dollar value of reducing U5,
cocaine consumnption by 1 metric ton or the number of users by 1.000. The benefits
under the third criterion, reductions in the societal cost of crime and lost productiv-
ity, are, however, already measured in dollars. Henvce, using this criterion, we can
make some estimates of the four programs’ absolute cost-effectiveness. The reader is
cautioned, however, that societal costs are difficult w define, let alone measure; thus
our estmatés are very rough, Nevertheless, the results are intrigiing.

This study found that the savings of supply-control programs are smaller than the
cantrol costs {an estimated 13 cents on the dollar for source-country conasl, 32
cents on the dollar for interdictdon, and 52 centz on the dollar for domaestic enforce-
ment). In contrast, the savings of weatment programs are larger than the control
c05ts; we estimate that the costs of crime and lost productivity are reduced by $7.46
for every dollar spent on treatrnent (see Figure 5.5).

Our findings thus suggest a way to make cocaine control policy mure cost-effective:
Cut back on supply control and expand treatment of heavy users. In light of this
conclusion, four {prominent) alternatives to current policy are expiored this study:

+  Alternative A: decrease each of the three supply-control program budgets by 25
percent. -

+ Alternative B: decrease the supply-control budgets by 25 percent and double the
current treatment budget.

+ Alierpative C: decrease the supply-contmol budgets by 25 percent and treat 100
percerst of heavy users gach year,

<« Alternative D: weat 100 percent of heavy users each year without changing the
supply-controi budget. '

Qur best estimates of the consequences of pursuing these alternatives to current
policy are summarized in Figure 5.6 and Table 5.1. If supply-control budgets are cut
by 25 percent {Alternative A), the cocaine problem (as measured by consumption)
gets worse, but the supply-contral cuts make the overall control budget decrease.
However, spending about half of the supply-contrei savings on doubling treatment
(Alternative B} reduces cocaine consumption below what would occur under current
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Table5.)
Comparison of Alternative Composite Comine-Control Programs

Evalugdon Criterion
‘ Sociewl Cost
Towmi Contro Consurnprion plus Contral
Cost Usis (metric  SocieiCosrs®  Coms
ineervention Suaregy #billionsiyy) (milions! tonslyr) S bilians/yr) (Shillions/yr}
Current policy . . 130 708 34 25.0 a2
 Adternative A: Supply contrgd - 25% 6.0 z.28 34 3%y 40,0
Azreraative B: Doyble reeatmen Mg . 746 254 58 3%.7
Alternanve C: 100% eament W7 667 213 19.0 37
"Alremnative B Resiore supply oo 156 £42 ias 183 138

NOTE: Alternative A cuis all three supply-control program budgels by 25 percent; Altenarive B speniids
one-third of the supply-conirol savings on daubling the current weanment budpen Alrernative C gpends
nearly ail the suppiv-conto! savings 16 treat 100 percent of the heavy users each year; and Alternative 2
rreats 106 percent of the heavy users each year with no cut in the supply-controf hudget. Estimates arg
annualized walues over 15 projection years gsing a 4 percent real discount rste.

*Estirnatad cost of crime and lost productivity due 10 cocaine use.

policy. Expanding treatment to all heavy users (Altemnative C} further reduces con-
sumption and uses up essentially all the savings from the supply-control cut. Finally,
if all heavy users are wreated and the supply-conuol budger is not cut Alternative D),
consumption decréases even more, but the control budget is one-fifth higher than it
is under current policy,

Decreasing supply conuol by 25 percent and doubling treatment (Ahemative B)
would leave the number of users essentially unchanged bur would decrease average
apnual consumption by 28 metic tons (a 6 percent reduction). This composite
program would save $2.1 billion in annual costs of cocaine control and $3.2 billion in
annual socieral costs, for a woral annual saving of $5.3 billion.

Further expanding treatment to cover al} heavy users {(Alternative C) would decresse
the number of users by 0.39 miflion and decrease average annual consumption by
103 metric tons, relative to current policy. The 1otal annual cost of cocaine control
would be only $0.3 billien less than under current policy, but societal costs would de-
crease by $10.0 biflion, for tofal annual saving of $10.3 billion.

Finally, treating all heavy users without changing the current budger for supply con-
trol would decrease user counts, annual consumption, and societal costs even more.
However, restoring the supply-control budget would increase control costs more
than it would decrease socieral costs, so the total annual saving relative to current
policy, $8.1 billion, would be less than thatunder Alkernative C,

Hence, this report concludes that mreatment of heavy users is more cost-effective
than supply-control programs. One might wonder how this squares with the
{dulticus} conventional wisdomn that, with reatment, “nothing wotks.” There are
two explanations. First, evaluations of treatment typically measure the propartion of
people who no longer use drugs at some point after completing treatment; they tend
1o undderappreciate the benefits of keeping people ofi drugs while they are in weat-
menr—roughly one-fifih of the consumption reduction generated by treatment ac-
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crues during reatment. Second, about three-fifths of the users who start treatment
stay in their program less than three months. Because such incomplete meatments
do not substantially reduce consumption, they make wreatment look weak by tra-
didonal criteria. However, they do not cost much, so they do not dilute the cost-
effectiveness of completed rearments.

Does this mean that treatment is a panacea? Unfortunately not. because there is a
fimit on how much treatiment can be done. In owr analysis, we explore the conse-
gquences of reating every beavy user once each year {Alternatives C and D). In prin-
ciple, even more treatment is possible because the average duration of 2 treatment is
less than 12 months. However, consideting the difficulties of getting people into
treatment, more reatment may not be feasible. Treating all heavy users once each
vear would reduce U5, consumption of cocaine by half in 2007, and by less than half
in earlier years {see Figure 8.7). ’
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Figure 5.7 Dynamics of Change in Cocaine Consumption
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Chapter One
INTRODUCTION

The cocaine epidemic of the past twenty years is not & unique event in American
history. One hundred years ago, between 1885 and 1915, there was a cocaine epi-
damic in the United States, in which use peaked a1 the tirn of the century {Musto,
1983;. [t started with cocaine being considered benign, if not therapeutic. Cocaine
was as much a part of everyday life st that time as aspirin is today. “Toothache
drops” containing cocaine were sold by druggists, and Coca-Cola originally con-
tained a minute amount of cocaine. However, by 1815, anti-cocaine sentimen st
as today, generated in part by fear of crime committed by drug users—had replaced
earlier enthusiasm. The nation’s first bout with cocaine was rapidly dissipating,

THE SIZE OF THE PROBLEM

The current cocalne epidemic, however, is by no means gpver. Cocaine use started
growing in the late 1960s and picked up momentum during the 1970s. The number
of cocaine users peaked in the sazly 1980s at 9 million and has since declined to a lit-
tie gver 7 million {see Figure 1.1} However, this decline in the number of users does
_not tell the whole story about cocaine trends.

Total cocaine consurnption {shown in Figure 1.2} presents a different picture.? Con-
sumption has rerained at its mid-1980s peak for almost a decade. As a measure of
problem severity, the quantity consumed is at least as relevant as the namber of
users. Hence, it would be premature 1o declare victory in the current battde against
¢ocaine.

The downward trend in the total number of cocaine users since the early 10805 is
driven by 2 decline in light users that masks an increase in heavy users. Moreover,
the rate of cocaine consumption varies greatly across the nwvo types of users,

I The histories of user counts and annual amounts of consumpgion are given by Everingham and Rydell
{19943, who smoathed any interpatated available historical dara 13 produce the Curves in Figures 1.1 and
1.2. Prevsence and eonsumption information in that snalysis was obrained from ihe Natdonal Household
Survey on Drug Abaose, angmenited by estimares from other SOurces On cocaing use by people who are
homeiess or incararsted,
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Figure 1.2—Cacaine Consumption, by Type of User

This analysis defines heavy users as pe:&pﬁe who use cocaine at least weekly, and light
users as those who use it at least once a year but less than weekly.# Currendly, heavy

Z50me studies fe.g., Hubbard ot al., 1389) refer to weekly cocaine users a3 “regular users”, the National
Household Survey on Drug Abuse refers 1o weekly users as using cocaing “several times a month or more.”
These definidons are eguivalen. ‘
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users constitute only about one-fifth of all users (the proportion has varied over
time}, but they account for roughly two-thirds of otal cocaine consumption in this,
country. Inother words, the average heavy user consumes approximately B fmes as
much cocaine as the average light user.

On the other hand. the amount of money that users bave been spending to obtain
their cocaine has declined (see Figure 1.3). Soif expenditure is used as the measure
of pmbiem size, the cocaine problem has declmeé considerably since the early
1980s 3

Since consumption has not declined: falling price must be what is driving expendi-
ture down. That tumns out to be the case~—with a vengeance. In the past 15 years, the
réal price of cocaine per pure gram has fallen by more than a factor of § {see Figure

1.4).% The unadjusted price per gram is roughly constasnt over time {the hottom line

in Figure 1.4}, but adjusting for purity {the middle line in Figure 1.4) and then for
price inflation {the top line in Figure 1.4) mmis that the real price per pure gram has

decrensed dramatically.

Whern competitive pressures cause the price of personal computers ¢ plummet, we
cheer the market on gratefully. But when this happens to cocaine, the applause is

120

180

=14

60

Expenditure on tocaine {§ bilions, 1892 §)

w72 18977 1882 1987 1992

Flgure §.3--Expenditure on: Cocaine, by Users

30ur estimates of what users In the United States spend on cocaine each year are about double those
made by the Office of Natignal Drug Control Polivy (ONDCP; using the "ronsumplion zpproaciz"
(ONDCE, 1991b, . 51, bui they are generally within the range of estimates msd& using the "supply
approach” in that analysis IONDOP. 1981h, p. 385

i50e Appendix A for details on how the abserved price of cocaine was scfusted for variations in puriey over
tine andl background nrice inflaton to get this real price per pure gram. The primary souree I8 DEA's
STRIDE (System o Retrieve Information from Drug Evidence) data. The bump in 1990 is 2 one-yeas
incsease in prives thought by some w be s consequence of 2 51 of unusual enforcemem successes in the
§inited Sates and wansshipment canpsries in that year,
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Figure 1.4—Price of Cocaine: 1977-1882

muted. During the past 15 years, the price of cocaine decreased while een‘surnpu‘on
increased--in spite of escalating public-policy artemipts 1o reverse these trends. '

COCAINE-CONTROL PROGRAMS

United States drug-control policy has a long and varied history. Gerstein and Har-
wood (1990, p. 43} suwnmarize the major enthusiasms as libertarian {at the end of the
1800s), medical weatment (at the beginning of this century), and eriminal justice
sanctions {from mid-centuzy to the present). At any given time, of course, all three
ideas inform public policy; only the proportiens in the mix change.

]

The total expenditure on cocaine control during 1992 was abour $13.08 billion.® Fig-
ure 1.5 shows that domestic enforcement {cocaine seizures, asser seizures, and arrest
and incarceration of drug dealers and their agents) accounted for the bulk of
cocaine-control sxpenditures {an estmated $8.8 billion), Interdicuon (cocaine
seizures and asset seizures by the Coast Guard, the Army, and the Customs Service)
has the next largest share {an estimated $1.7 billion). Source-country contrel {oca
teaf eradication and seizures of intermediare and final cocaine products) and user
treatments {outpatient and residential treatments) have the smallest shares
{estimated to be $0.9 billion eachy.

SThese estimated 1992 expenditures are derived fram program deralls in Appendixes A trough D. In
parsicular, see Tahle B.8 in Appendix B end Table D.2 in Appendix 3. The esumates inciude local, state,
and federat funds for the waron drugs (prorated o cocaine), and the costof private as well ag pubticdrug -
trearments {agn, prorared to cocainel. One reason for the barge size of the dognestic enforcement budypst
is that bt inciudes the ali and prison cos:s for incarcerating convicted drug deafers and their agents; the jadl
and prizan costs constinge one-fourds of he domesiic enforcemant roral (see Table B8 in Appendix B},
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Cocaine control strategies can usefully be clascified into two categories, supply con-
crol and demand control (see Figiee 1.6}, As defined here, supply control includes
source-country control in South and Central America, imerdiction atthe U.S. border
by the Coast Guard, the Army, the Customs Service, and the Immigration and Natu-
ralization Service (INS}, and domestic enforcement of drug laws by a variety of fed-
eral agencies, the most prominent of which is the Drug Enforcement Administration
(IYEA), as well as by state and local police forces. Demand control includes outpa-
tient and residential drug treatment programs, which are analyzed in this report, and
user sancdons {arrest and incarcerarion of drug users) and prevention programs
{both school-based and community-based), which are notanalyzed in this report.

Note that there are other ways of classifying diug contrel programs, For example, the
1988 Ant-Dirug Abuse Act defines supply reducrion programs more broadly to in-
chude such things as user sanctions. '

Analyzing user sanctions and prevention programs is beyond the scope of the pres-
ent analysis. Far less evidence is available on the costs and accomplishments of
these programs than now exists for supply-control and treaument programs.® Alse,

Sgpe MacCoun (5993 for a discussion of the complexities of analyzing the sffects of user sanctions. Borvin
11994 argues that community-based prevention programs have not been shown o affect drug use.
Revigwss of past studies ifor example, Falco, 19921 and reports on the recantly complated Project ALERT
{Ellickson and Rell, 19%0a, 1980%; and Eliickson, Bell, ang Harrison, 18831 indicate thar school-hased
prevention programs do decrease diug use. However, the emphasis in prevention research has sa far
tappropriately) been on estabishing sratisticaily significant effests on drug provalence, Jeaving effeczs on
amounts of drugs consurmed and program costs yet 10 be investigsted.

3
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prevention programs operate on a different time scale than weatment or supply-
control programs. For example, most drug prevention programs are administered 1o
preteens, while cocaine use does not normally start untl the ¥aze eens and early
rwenties.”

A primary activity of Supply-control programs s seizing cocaine. This, however, does
not direcdy decreass the supply of cocaine reaching the retail market. Free entry into
the cocaine business, at all levels, allows supply to expand ro cover the losses due to
~seizures.? To a first-order approximation, suppliers simply produce for the market
what they would have produced anyway phis encugh extra to cover anticipated gov-
eITINENnT seizures.

This simple story overstates matters slighdy, because supply controls in general, in-
cluding product seizures, raise the price suppliers charge the consumer, and that
price increase cuts off some demand. There is, however, an exception to the general
rule that supply controls operate through price. This exception is the “incapacitation
effect” {indicated by the artow in Figure 1.6 thar goes directly from domestic en-
forcement to consumption). Many drug dealers are also drug users, and they cannot

7$ee Kandel and Logan {1984), Yamaguchi and Xandel {19844), and Kanded, Murphy, and Karus {1985 for
the typical ages of inltiation for various dyugs. Preventon programs gitemp! fo Convince preioens i
abstain Fom masijuana, cgarenes, and sleohol. Therefore, 1o argue that drug-abuse pmzﬁm programs
cut cocaine incidence, one must assume that mariftana, cigaretts, and zircho!l use are “gatewsys” w
“hard drugs” such as cocaine and heroin. However the gatewsy linkage It difficud: 10 Iﬁiﬁ down
{Yamaguchi snd Kande!, 19841y DuPors, 1985 Elickson, Faye. snnd Bell, 1592).

%ampmwn ray violenty ohiecs 1o new entrants 1o the orade, and government will zry to put them in
prison {both of these factnrs increase the vost of doing businessi, but there are no prohibitive capitals
rexjuitement, rare-sidll, or instirurional harriers 1o entering the cocaine supply business.



Inpoducton ¥

sustain their normal consumption rate while in prison. Consequenty, even through
the primary effect of locking up drug dealers is 10 increase the costs of supplying
cocaine {which indirecty affecis the quantity consumed vig price increases), there is
#is0o an incapacitation effect (which directy affects demand}. Both are included in
the present analysis.

Treatment programs, on the other hand, affect demand directdy. Treatment pro-
grams decrease cocaine consomption in two ways: First, most people reduce con-
sumption while in treatment and, second, some people do notrenumn to their eriginal
levels of consurmption after they leave wreatment. This report considers both forms of
reatment-induced reductions, for both outpauem and reszdenuai treatment pro-

grams.

THE MODEL

To examine the effects of the three supply-conwol programs plus freatrment. we con-
structed a medel of the supply and demand for cocaine, and of how conuel pro-
grams affect supply and demand. The modei is documented in the appendixes to
this repon.,

The measurable accomplishments of supply-control programs include guantdties of
cocaine seized, value of assets seized, and numbers of drug dealers and their agents
arrested and the amounts of ime they are incarcerated. The measurable sccom-
plishments of drug treamment programs include the number of people who stop us-
ing drugs while in reatment and the number who stay off drugs after leaving treat-
ment. These outcome measures cannot be directdy compared, however, They must
first be translared by the model into a common measure of cost-effectiveness.

For most of the following analysis, the common measure used is the cost of a given
reduction in U.S. consumption of cocaine.® More specifically, it is the additional
control cost in the first projection vear which resulis in consumption decreases over
15 prajection years that have g net present value equal tp 1 percerzi of total con-
sumption in the first projection year.

A 4 percent real discount rate is used to compute the present value of the 15 years of
consubiption reductions. Discounting costs is 3 famtliar technique: Everyone up-
derstands that money can be invested to earn interest.!¥ However, there is not ai-
ways a similar automatic recognition that benefits must be discounted as well as
" costs when constructing a cost-effectiveness ratio. A simpie example can make the
necessity of discounting benefits clear. Suppose there are two plans:

-

However, in Chapter Five we explore the conseguences of Using two alreruarive evaluzton criteria; (1)
the number of cocaine users. and £33 the societal costs of orime and 1og sroductvity caused by cocaine
LSE.

1310 fact, that is how the approriate discount me Is defined: ~The discount rate is conventionally appiied

to canstant.value fie., inflation adjusted) doflars, With ssoderste infllation, the discount rats i3
approximaiely the interest rate less the expecyed rate of inflarion” {(Keeler and Cretin, 1882, p. 41
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»  Plan A costs $30 million this year and reduces cocaine consumption by 3 metric
tons this year. i

*» . Plan B costs the same $30 million this year but does not deliver the 3 metric tons
of consumption reduction until nexs year.

If the benefit of cocaine consumption is not discounted, the two plang are the same.
However, by taking $28.8 million this year and investing it so that it grows to $30 mil-
lion next year, we would get encugh money to implement Plan A next year, Plan A
has been transformed into one that costs anly $28.8 million and delivers the same
benefit as Plan B, Clearly, Pian A is more cost-effective than Flan B.

This example shows that benefits must be discounted 1o correctly evaluate the cost-
effectiveness of alternative plans. It also shows that the discount rate used for bene-
fits must be the same as the one used for costs. Keeler and Cretin {1982} present an
extensive mathemadeal discussion of the point made by this example. An earlier -
version of the example can be found in Rydell {1387, pp. 3-6}.

Over the years, a variety of models have been used 10 inform drug policy analysis
{Schienger, 1973; Levin, Roberts, and Hirsch, 1975 Gardiner and Schreckengost,
1987; Cave and Reuter, 1988, Crawford and Reuter, 1888; Caulkins, 1880 Homer,
1490, 1893a, 19893h; Caulkins, Crawford, and Reuter, 1993; Kennedy, Reuter, and
Riley, 1994; and Riley, 1993}). What distinguishes the present study is its scope: the
comparison of both supply- and demand-control programs on both cost and effec-
tiveness dimensions. In part because of this broad scope, the modeling is done ina
very transparent manner, to minimize the chance of missing the forest for the trees.

As Bankes {1993) and Hodges (1931) point out, one does not necessarily need com-
plete information ot & system to modetl it usefully. Rather, a maodel may illuminate
system behavior and assist policy choices, with ondy partial knowledge. In this anal-
ysis, neither uncertainties about parameter estimates (see Chapter Four and Ap-
pendix F} nor the existence of multiple drug-control goals {see Chapter Five} alters
the conclusion that treatment is rnore cosi-effective at the margin than enforcement. |

OVERVIEW OF THE REPORT

The plan of this report is as follows: Chapters Twe through Five explore the resuls of
- changing one cocaine-control program ac a time. Chapter Six synthesizes these re-
sults to construct and compare alternatives to current policy.

Chapter Two, supported by Appendixes A and B, analyzes supply-control programs.
Chapter Three, supported by Appendixes {0 andi I3, analyzes (reatment programs.
Both sets of analyses draw on the model, which iz described in Appendix ., Chapter
Four and Appendix F examine the robustness of the conclusions with respect to vari- -
ations in parameter sstimates whose values aze known only approximately. Chapter
Five considers alternatives to the consumption criterion for evaluating program ef-
fectiveness. Finally, the composite policy alternatives compared in Chapter Sixrange
from costing $3 billion per vear less than the $13 billion per vear curtently spent on
cotaine control o costing $2.6 billion per year more.



Chapter Two

SUPPLY CONTROL

A%

Cocaine is produced in South America, primarily in Peru, Bolivia, and Colombia. The
raw agricoltural product, coca leaf, goes through a series of production stages before
it becomes cocaine. The cocaine produced is transported to the destination country
and marketed there (see Figure 2.1}, At every stage in the production process, there
are iosses and seizures. At some stages, thiere is non-ULS, consumpton, In this gnal-
ysis we are interested in the amount that reaches the United States; but (o under-
stand that, we need to analyze the entire production pipeline. .

Except in the tables in Appendix A, this study aggregates the first four steps in the di-
agrammed production process irsto a single step: source-countyy production. {See
Kennedy, Reuter, and Riley {1994} and Riley (19931 for analyses of what goes on in-

side saurce couniries.)

Losses
andg soizures

Cowca leaf

Y

Coca paste

'

{:ocaine base

1

Locaine at source

'

. Cocaing in iransit

Non-L1LS.
sonsumption

Y

Cocaing at markst .

U.S. consumption

Figure 2. 1—Cocalne Supply Flowy
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HOW SUPPLY-CONTROL PRGGRAMS WORK

As mentioned in Chapter One, at each production stage the gross product has to
cover the losses 1o control-program seizures and still deliver the net produc that iy
the input 1o the next stage (see Figure 2.2}, Even though producers make up the
seizure losses by expanding gross production, they are still hurt by the seizures. They
get no revenue from the seized product, so they must raise the pnce of the surviving
net praduct to cover their production costs.

Supply-contrel programs do maore than indirectly raise the cost of doing business by

-seizing product. They alse impose “financial sanctions” on producers that directly
raise the cost of doing business. In this analysis, the label “Anancial sanctions” is
broadly interpreted. It includes the loss to producers from asset seizures (financial
and transpartagon} and the increased production costs required to compensate
workers for the risks of arrest and imprisonment,

Morsover—and this effect does not usually get tabulated in statements of supply-
conmrol program accomplishmenis—supply-conmol programs alse cause processing
costs to increase. By “processing costs” we mean all contributions o toral cost other
thar the cost of the input from the previous production stage, and the financial
sanctions (see Figure 2.3, which is based on analyses in Appendix A}, For example,
processing costs, as we define them, include distribution costs. Supply-control pro-
grams cause processing costs to increase because gmdxzce{s‘ adapt to government
actions against them. In pardcular, producers incur costs 1o disguise their produc-
tior and distribution, to guard it against law enforcement, to gain intelligence about
law enforcement plans, and to otherwise prevent law enforcement agents from dis-
covering production and from disrupting production when it is discovered. 1fwe did

700
g 600 b - . . Seizares -
9 , . ] Net procuct
= CL
= S '
o 400 :
=
S
E oo} :
g £
8 200} )
Q— 1 ; N
a 100 | _
5 ‘

Cocaing Cocaine {ocaing

at source in transi . al market

Figure 2.2 Cocaine Producdon 1882
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not estimiate this increase in processing costs, we would underestirnate the impact of
supply-control programs on producer costs and hence on price. '

Thus, supply-control programs harnm cocaine producers in three ways: by seizing
product, by imposing financial sanctions, and by causing processing costs 10 in-
crease, The aggregate effect is w cause the price of cocaine 1o skyrocket {see Figure
2.4}, What starts out costing just over $4,000 per kilogram at the alrstrip in South
America ends up costing well over $100,000 on the street in North America.! Moore
{1830, p. 115} has estimated that the retail price of cocaine would be only one-eighth
as large If cocaine were legal {thaz is, absent the effect of supply cunirols). His.
specific estimates (for 1988) are $15 to $20 per pure gram if cacaine were legal, as op-
posed 10 $143 per pure gram under its illepal status.

EFFECTS ON COCAINE CONSUMPTION

What do each of these supply-control effects contribute 1o the decreases In cocaine
consumption achieved via additional expenditure on the supply-conuo! programs?

INote that the price of the net product at a given production stage squals the foral cost of producton at
thar stage divided by the niet product at that stage. See Tables A.1 through A6 in Appeadiz & for demils of
this relationship.
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Fignre 2.4—Frive of Net Produrt, by Production Stage: 1992

Figure 2.5 shows that product seizures by themsejves account for only about two-
fifths of supply-control programs’ effect on cocaine consumption. PFinancial sanc-
tions (asset seizures plus compensation to drug dealers and their agents for the risk
of arrest and incarceration) contribute one-sixth of the effect. Processing cost in-
creases {as cocaine producers seek to avoid product setzures and financial sanctions)
accowit for one-third of the effect. Finally, an estimated 7 petcent of the effect is ac-
counted for by drug dealers in jail or prison who sre prevented from contirsing their
customary tevels of cocaine use, This incapacitation effect on consumption Is in ad-
dition to the financial impact of wage premiums paid for the risk of incapacitation ?

The cost-effectiveness of the three supply-control programs is determined by run-
ning the cocaine-conural model separately for sach program, each time finding the

2ne propertions in Figure 2.5 represent £ three control programs combined. They wers estimated by
using the cocaine-conral mode!. The expenditures for source-courmy sonmol, interdiction, and domestic
enforcement fsate and Jocal expendinures 2s well a3 federal expenditures) wece first all increased by the
same percertage 1o find the oversll effect of supply control on consumption at the margin. Then the
model wies rerasn with the elasticity of processing cost with respect 1 product seirures sef 1o 1600 10 find
the processing cost affecs by nonng how awch less effegt zupply conmois then bave en tonsumpton.
Next, the model was run with the propordons of arreSted drag dealers who use cocaine set t0 zerg o ind
e incapacitation effert. The residual was then atributed to producs seizures end financial sanciions,
Finnlly, the relatlve conoribution of protuct seizeres and fnancial sanctions was determined by the ratio
of the surm of product seizures fmes price at each progduction siage to the sum of Anancial sancdons al
each prodaction stage (see Tables A5 through A8 in Appendix &),
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incapacitation of cocaine-
using drug dealers
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cost

Peoruct seizures
43%

Figure 2,5--Proportion of Consumption Reduction Coused by Separate
Supplv-Conwol Effects

additonal program expendirure’ in the first projection vear required 10 achieve con.
sumption reductions over 15 years whose present value is 1 percent of total con-
sumnption in the first year. This cost turns out 1o decline with each stage in the
cocaine production process. Accomplishing the specified reduction in cocaine con-
swnption costs $783 million with source-country control, $366 million with interdic-
tion, and $245 million with domestic enforcement {see Table 2.1}

In each case, the money spent on supply control causes increases in the cost to pro’
ducers of supplying the cocaine. That increased cost of supply gets passed along to
the consumer as price increases, which in tarm causes current consumption per user
1a decline and eventually causes the number of users 1o decline s inflows (o cocaine
use decrease and outflows increase. Forexampie, a 3248 million additonal annual
expenditure on domestic enforcement causes annual cocaine supply costs 10 in-
crease by an estimared $750 million. or 2 percent of the estimated $37 .4 billion spent
annually by consumers on cocaine. Assuming, as we do in this analysis,? that the

. total percentage decrease in consunption caused by a price increase is half the per-
centage price increas#, the additional control expenditure ac?ue&e:x the goal of reduc-
ing consumption by 1 percem

3‘Prngram expendjrure. as used in this report, means all program fnmtiag: tederal, stare, and loesl
publicand private,

4appendix ¢ discusses this price elasticity assumption, Chapter Four and Appendix ¥ assess the
sensitivity of this report’s results to the assumptiosn,
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Table 2.1
Effect of Supply-Control Programs on Cocaing Consumpdon

L1 of 1% Dectease
in Cocaing Frogram Cost
Conznmpgon  Relstive tp Domestic
LControl Program {$ millionsiyr} Enforcement
Sourte-pountry cortnl : 783 3.2
Tuserdivdon 366 i5
Domestic enforcement M5 i

NOTE: These costs are the addidonal conirol costs in the first projection year
which result in consumption decteases over 15 pmjectinn years that have a ner |
presert value equal 10 1 pereent of the first year's consumiption.,

One is tempted to observe that intervening later in the production process will be
more cost-effective, since seized product is more costly to replace at those Jater
stages.® Howaever, this argument, although corvect as far as it goes, is only part of the
story. For example, the cost-effectiveness of a supply-control grogram is determined
not only by the cost 10 the producers of replacing the producr seizures, but also

800

{% millions per year)
'Y o
= S

Cost of reducing consumption by 1%

¢ .
Source- Interdiction Domaeste
country . enforcement
control

Figure 2.6—Cost of Reducing Consumption by 1 Percent with Alternative

Supply-Control Progmms

Swhile inzomplete. this argument is correct amd must be inclgded i 4 cost-benefit analyvsis s s inour
cocalne-conrol moedel). This point wis overlooked in a previous study compating the cost-effsctiveness
of merdiction and somestic enforcement (Godshaw et al., 1987). That study incorrectly concfuded that
interdiczion was nore cost-effective than domestic enforcement., because irs criterion was metric tons
seizad per progesss doilar (sehich does a0t mcognize thar a metric ton seized at the recail market does
mote b 16 producers than g metsic o4 seizsd ot the boeder), In addizion, that study Iooked only at
produgt selzzzees; i ¢id not analyze asset selzares or arrest and imprisonment of drug dealers,
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by the cost to the public of accomplishing those seizures. Nevertheless, even when
our analysis takes this and other ictors into account, the qualitative result is the
same as if we had considered only the replacement cost of product seizures: The
later in the production process one intervenes, the more cost-effective the interven-
tion {see Figure 2.6, which plots the results given in Table 2.1).



Chapter Three
DEMAND CONTROL

CONSUMPTION OF COCAINE

The approximately 7.3 miilion cocaine users in the United States at the end of 1992
consisted of an estimated 5.6 million light users and 1.7 million heavy users. These
estimates include cocaine users who were homeless and thuse who were in jait or
prison, as well as those in households (see Fig. 3.11.) Recall that, by definition,
“heavy use” means at least weekly, and “light use” means atleast once a year, but less
than weekly, )

3]

] . g s
JaiVprison

4 B Homeless
Households

HELLL PP FTIIIFII

Millions of cocaina users
[ 93
£

Light users

Figure 3.1—Light and Heavy Cocaine Users, by Locadon: 1992

1ear more detall on these estimates of surnbers of cocaine usars, see Table C.1 in Appendix C. For the
‘derhvaron of the estimares, see Everingham and Rydell {1364}, Nerethat the estimare of 1.7 million weekly
coestng users is within the 1.5 to 2.5 million mnge estimated by Rhodes {1393, p. 312). This analysis
ASFUMES Al NO cocaine consumpton tooxss while cocalne vsers we sctually in jail or prison. Howewer,
at the same time, no presumption is made that jail of prison is an effezdve treatmens program-—on the
contrary, this analysis assumes that people 1o {ail or prison come out using cocaine in the same
proporions and in the same amaunts us they would have If they had never been incarcerated. Peeple In
jail or prison were classified a3 hsavy or light users on the basis of their answers to survey questions on
their coctine consumption halsits in the year preceding their incarceragon,

17



is Cannaﬂh:g&mﬁm&ppiy?mmmmw .

As mentioned in Chapter One, it is important to focus on differences between light
and heavy users. For example, in 1890, heavy cocaine users comprised approxi-
mately one-Bfth of all users, yet they accounted for about two-thirds of all consump-
tion {see Figure 3.21. In other words, the rate of consumption for heavy users is abowt
8 times that for light users. Since treaunent programs tend to focus on heavy users
{this analysis assumes that only heavy users are treated), treatment-program effec-
tiveness is estimated 1o be much higher than it would be if average consumption
rates were used in the analysis,

Gerstein and Harwood (15990, pp. 59-62) have summarized the literature on individ-
ual drug histories in a multistage conceptual model, The stages are abstinence, ini-
tial use, abuse, dependence, and recovery. People not only flow along this sequence,
they can also flow back 1o earlier stages. Unforminately, available dara do not permit
estimation of all the states and flows in Gerstein and Harwood's model, Dur research
adopts a simplified version of their conceptual model that can be estimated with
available data {see Figure 1.3 and Appendix C).

This demand model is sufficiently detailed to be able w replicaté three observed his-
torical patterns (Everingham and Rydell, 1994):

+ Theincrease of cocaine prevalence during the 1970s and early 1980s, followed by
a decrease during the late 1980s,

* The decline in cocaine use as a cohort ages (only 30 percent of users snll use co-
caine a decade after starting). '

* An increase in the percentage of users who were heavy users during the late
1980s.
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Figurs 3.2-Lovaine Users vs. Totwal Consumptiom 1934
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incidence
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Figure 3.3~Annual Dynamics of Cocaine {ise

The parameter estimates that enable the mode] to replicate these historical patterns
are given in Figure 3.3. On the basis of the historical evidence, we estimate that each
year 15 percent of the light users stop using cocaine, while 2 4 percent of the light
-users shift to heavy use. Then, also each vear, 4 percent of the heavy users return g
Hght use, while 2 percent stop using cocaine entirely, for 4 1o1al outflow from heavy
use of 6 percent per year. The heavy users who flow back to light use are at risk of
refapsing to heavy use. However, in our model, light users who are former heavy
users have the same annual probability of becorning heayy users again as light users
who have nevet vet been heavy users.

Incidence is not specified as a function of anything else. Rather, in our model, inci-
dence is scripted. When we are replicating history. estimares of historical incidence
are model nputs. Projections of the future are conditional upon an assumed inci-
dence scenario, namely that (at the reference-year price of cocaine) the number of
new cocaine users each year will decline linearly from an estimated | million per year
in 1992 to half that level in 2007 {z¢e Appendix 3. This analysis i not designed to
pradict the future course of the cocaine epidemic. Rather, it has the more limited
objective of assessing how alternative public controi policies would affect a given
presuimed course of that epidemic,

CHARACTERISTICS OF TREATMENT PROGRAMS

Outpatient treatments and residential weatments differ considerably, Qutpatient
treatments are shorter® and relatively inexpensive, and they account for the bulk of

Zaethadone Teatments tan continue Indefiniely, but they axe giassified separately in the source of this
informarion {Hubbard e al.. 19849}, which distinguithes among outpatient methadone tréatments, -
oupagient drugfree treatments, and residengal rearments. Only the latter two ars refevant for cocaine
users so for simplicity, our anabysis refers to owrparient drug-free meatmentgs 45 " wpaTiens rreatments,”
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the caseload; residential treatrmenis are jonger, mlén‘miy expensive, and less com-
monly used {see¢ Table 3.1).

(n average, weatment programs are about 80 percent effective at keeping users off
cocaine while they are actually in the program. They are much less effective ar
keeping users off cocaine after completing treatment {and many people who begin
weatment leave before the eatment is compiete).

" Follow-up information obtained by the Treatment Outcome’ Prospective Study
(TOPS)? indicates that, on average, an estimated 13.2 percent of the people who
receive treatment flow out of heavy use during the year in which they receive treat-

‘ment. This estimate is a weighted average of a 12.2 percent rate for outpatient weat-
ment and & 16.7 percent rate for residencial treatment {see Table 3.1, which is based
on detalls presented in Appendix D). This rate of outflow from heavy use due 1o
treatment is in addition to that of people who would have left heavy use without
treatment. In other words, the treatinent effect is the additional cutflow of persons
who receive treatment compared with a control group of those who do not receive
meatment.t

Qur studies show that about 6 percent of heavy users leave heavy use each year
{Figure 3.3). About two-thirds of that outflow is apparentty due to existing treatment
programs, because at a 13 percent addidonal outflow rate, the 32 percent of heavy
users currently treated each year {Table 3.1) generate a 4 percent annual outfiow
from heavy use. In other words, only one-third of the total annual outfiow fram
heavy use is estimated to be due 10 unassisted desistance from heavy use,

. Table 3.}
Treatment Program Characteristics

, : Type uf Trearment

Characteristi Curpatient Residential Al
Program Levels {Accestions) in 1992
Percent of ali treatrients . TS 28 100
Pereant of all heavy users M5 7.1 318
Program Cose ang Duration

{ost per meatment (1992 $) %63 5107 1740
Treagment Hyration {years] 0,280 0410 3309
Cust per person-year (1992 $) e 12467 56285

Program Effecriveness
{ff drugs during treatrmant () 73 99 3
Additianal cutiow rare (%} iz2 i6.7 13.2

SCHUIRCES: Butynskd ex ab. (19907 and Hubbaed et al. (1988]. See Appendix 1) in this repor
far the details obimined frora those sources.

+

Iubhard e al, (1989) discuss the TOPS study, in which the statistics an trearment effectiveness are
reporied {p. 180;. For the derfvation of the 13,7 percent gstimune from those statistits, see Tabias 2.3 and
DA in Appendix D of the present repost.

443 discusser! In Appmdix D, the comrol group consists of people whe enter treamment but drop out
before completing ieammnent (operationally, thuse who stay in treatmiesd fess thas three monthss,
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Results from earlier studies of drug-treatment effectiveness generally support the
. TOPS findings {Anglin and Hser, 1990), In particular, using “intake only” as the con-
trol,% the Drug Abuse Reporting Program (DARP) results for heroin use are very simi-
lar. Additional sutflow from daily opiate use is I3 percent for sutpatient drug-fres
wearaents and 15 percent for residengal reatmenss {Anglin and Hser, 1990, p. 470).

Following the patiern in the estimated historical flows out of heavy use {see Figure
~ 3.3), we judge that one-third of the reatment-induced outflows from heavy use go to
non-use; e remaining two-thirds go to light use and face the risk of returning to
heavy use in the future. Qur cocaine-control model keeps mack of this feedback ef-
fect and incorporates it into our overall estimates of treattnent-program effectve-
ness,

The average treatment costs 51,740, {This is cost per accession, not cost per person-
year,) This estimate is g weighted average of oufpatient and residential treatment
costs. The cost per reatrnent seems surprisingly low, as does the 13 percent addi-
Honal outBow rate, until one realizes that micst reatments end prematurely. Foltow-
ing Hubbard et al. {1989), we use the 3-month point as a minimal length of time for a
treatment program o have any chance of accomplishing something. About two-
thirds of treatments fail to reach this threshold (see Figure 3.4). These truncated at-
rempts gt treatment depress both the average cost and the average effectiveness of

treatimnent programs,
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Figure 3 4—Number of Tresoments per Year, by Treatment Duration

St is, the control group consists of people whc signed up for treatment bt zi:(‘l not actuaily receive an
appreciable amonnt of reamment.
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When ane focuses on the trearments that last {onger than three months, the cost per

treatment {again, per accession, not per person-year) is considerably higher than the
average cost {see Figure 3.5}, and the additional surflow.from hezvy use is also con-

siderably higher than zhe average {see Figure 3.6).
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Figure 3.5—Cost per Treatment Accession (1992 dollacs)
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Figure 3.6—Additional Outflow from Heavy UseDue to 'I'reau:mzm {percentage of those
receiving treatnent)
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Note that the estimated additiona! outflow rate for treatrments lasting less than three
months is zero in Figure 3.6, because this analysis uses the short-treatment group as
a “control group” (see the discussion in Appendix I2). To the extenr that the short
. reatments do have some positive effect on after-treatment behavior, this analysis
underestimates the effectiveness of reatmment programs.

* EFFECTS ON COCAINE CONSUMPTION

Figure 3.7 shows how much of the consumption reduction caused by treatment is
due 10 people consuming less cocaine while in a treatment prograrn, and how much
is due to them consuming less cocaine after treatnent.® The in-treamment effect oc-
curs immediately, while the after-treatment effect occurs over time because it is the
aggregation of annual differences between what would have happened without
reatment and what happens with treatment,

Even though the debate on the effectiveness of wreatment focuses on treatment’s
ability 1o get people 10 stay off drugs after they leave a treatment program, one-fifth
of eaiment programs’ overall effectiveness is due 1o the suppression of cocaing
_use while people are in treatment. ignoring this effect in an analysis of reatment-
program effectiveness would underestimate program bhensfits. :

£

20%

in geatment

Alter rmadment

Figure 3.7~-Frapertion of Consutnption Reduction Cavsed by Separame
‘Treatment Effects

S'he in-reatment effect was found by raaning the cocsine-contiol moded with the desistance e, 4 se
exgaral 10 zero, in which case $260 miltion additional weatment dollars decreased consumpdon by ouly 8.4
mewic [ons per year, as opposed 1o 4.2 metris tong per year before the desistance rate was zeroed out.
‘The giffarence, 4.9 metric tans per year, is the in-trpamment effect and it is 34 percent of the wnl restnens

gffect.
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The irnportance of the in-treatment effect highfights an interesting contrast between

< criminal-justice research and drug research approaches to analyzing program effec-
tveness. Discussions of how prison affects crime tend 1o emphasize incapacitation

“{"in-treatment effect”) and implicitly assume thar rehabilitation (“after-treatrnent
effects”} may be too small to matter very much.? in contrast, discussions of drug
treatments tend to emphasize the proportion of peopie treated who stop using drugs,
and it is the in-treatment effect that is usually {incorrectly, as it aums out) kmphcnly
assumed to be oo small o matter.8.

Turning to the consumption decrease that can be achieved per treatment-program
dollar, Table 3.2 replicates Table 2. 1'to facilitate comparisens with supply-control
programs. As before, the cocaine-control model is run to find the control cost in the
first projection year that results in a streamn of consumption reductions over 15 years
whose present value is 1 percent of {otal consumpsion in the first projection year.
The cost of the necessary amount of treatrnent is $34 million. This is much less than
the cost of achieving the consumption reduction through supply controls, The least
expensive supply-control program, domestic enforcement, costs 7.3 times more than
treatment (see Table 3.2 and Figure 3.8).

The $34 million estimate reflects two factors. First, most users stay off drugs while in
weatment. The average cocaine treatinent costs $1,740 per person treated, so $34
million pays for 18,500 reatments of heavy users. The average treatment lasts 0.30
years, and 80 percent of the people in treatment are off drugs, 5o the in-treatment
effect of 19,500 treatments is about 5,000 person-years less heavy cocaine use, which
{at 120 grams per heavy user per year) amounts to 0.6 metric tons less cocaine con-
“sumption.

- *Table3.2 .
Effect of Control Programs on Cocaine Congumption

Costod 1%
Cosaine Program Cost

. Consumption Relathve o
Connrsl Program {5 milllangiyn Trogtmeny
SOUNS CHRMUY CORTS! a3 230
Teuerdicion 36k EHE ]
Donestic enforcemens . 4B 74
Freamment _— 34 1.0

NOTE: These couis are the addizional contrel costs in the first projecton year
which reaslt in consumprion decteases over 15 projection vears that have 2
ne present value equal to 1 percent of the firet vear' 5 consumption.

T8ee, for example, Nagin (1978, p.32), who concludes that high recidivism means thar rehabilicaton does
aoLoceur.

Bspe, for example, Wallace (19903, Washion and Stone-Washon (19901, and Washton and Sione-Washion
£1391), all of whirh discuss the problem of many peapie retuming w drug 1se after vrespment, so thay
muliple weatments are required, but do not discuss the benefie of the inreatment sffect. Inadditon, the
exiensive review of drug wreatment programs in Angiin and Hser (1998} focuses g comparing post-
wreatment drug use with pre-rrearment drug use. No mendon is made of reducdan in drog ase during
treatment as a program benedit, :
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Figure 3.8—Cast of Reducing Cocaine Consumption by I Percent with Akernative

Cocalne-Control Prograras .

Second, some users stay off drugs after treatment. An estimated 13 percent of heavy
users yeated do not renyn 1o heavy use after reatmens. Not ali those departures are
permanent, however. Nevertheless, during the 14 vears following treatment, the
18,500 treatments would generate an estimated present value of 26,000 person-years
less heavy cocaine use, which amounts to 2.4 menic tons less cocaine consumption.
When we add the 0.6 mettic ton in-tUreatment reduction 1o the 2.4 metic ton after-
treatment reduction, we find thar 19,500 additional treatments would reduce ¢ocaine
consumption by an amount equal to 1 percem of the 300 metric tons currenty con-
sumed annuailly,

Supply- and demand-control programs differ not only in the cost of achieving a 1
percent reduction in consumption, but aiso in how they achieve that reduction {see

Table 3.3},

Supply control reduces the numbers of both light and heavy users, while

treatment primatily reduces the number of heavy users.

An even more dramatic difference is that supply control increases user spending on
cocaine, while treatment decreases it. Additional supply control causes percentage
increases in price thar are larger in absolute value than the percentage decreases in
cansumpdon, 50 user spending on cocaine increases. 1o contrast, addidonal treat-
ment causes only small increases In price.¥ so there is essentially no offset 10 the

decreases i

in consumption, and user spending on cocaing decreases.

9That freatment should affect price a1 all, let alane positively, requires some explanation, As additonal
ITEATNANE reguces CONSUMpPTing, m‘sﬁng suppiv-contrst sanctions get spread dver » smaller volume of
business, causing the sancton per unit product, and hence the remil price. 1o increase. {See the
discussion of the downward slope of the Industry supply curve in Appendix E.}
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Table 3.3 .

Other Consequences of Addidonal Control that Reduces Cocaine Consumpdon
by 1 Percent

Percent Changes in:

. Price of Spending on
Control Program LightUsers  Heavy Users All Users Cocaine Cocaine

Supply control . =033 -0.50 . =037 20 L0
Treament -0.05 -1.08 -022 03 -0.7

NOTE: These percentages are the net pment value of changes over 15 projection years reladve to the
first projection year's total.

34l three supply-conuol programs behave the same on these outcomes for an expend.u'ure thar
reduces consumption by | percent

The summary measure used so far in this analysis—the current cost of achieving an
over-ime reduction in consumption amountng to 1 percent of current consump-
tion-—is appropriate for comparing program cost-effectiveness, but it obscures the
dynamics of program effects. To provide a look at those dynamics, Figure 3.9 plots
the results of adding $1 billion to the current $13.0 billion annual cocaine-control -
budget,!? allocating it equally to all four control programs. That is, each program
gets $250 nillion added to its annual budget. To construct the graph, the program
addirons are done cumulatively. This is in contrasr to the analysis in Table 3.2,
where the program budgets are modified independently. .

Figure 3.9 shows that even though the budget additions are uniform over time (each
year's budget for a given program is $250 million more that it would have been with-
out the change), the effect on consumpnon is far from uniform. Rather, there is an
immediate decrease in consumption during the first year, reflecting the price effect
{of the supply-control programs) and the in-treatrnent effect (of the treatment pro-
‘grams) on current consumption. Then the remaining decrease in consumpton ac-
cumulates over time as the effect of both supply-control and treatment programs on
user flows gradually changes the number of cocaine users.

As the graph shows, spending $250 million on treatment each year results ina27
‘metric ton reduction in consumpton by the year 2007.1! This reduction is consider-
ably larger than the 6 metric ton total reduction in consumption by 2007 accom-
plished by spending $750 million per year on supply control ($250 million each year
on each of the three supply-control programs).

The bottomn line explanation for the consumption reduction due to treatment is that
at$1,740 per average trearment, $250 million buys 144,000 additional treatments per

101he esdmated $13.0 billion expenditure on cocaine control during 1992 consisted of $0.9 billion spent
on source-country control, $1.7 billion spent on interdiction, and $3.5 billion spent on domestic
enforcement (all levels of government) (see Table B.B in Appendix B), plus $0.9 billion spent on reatment
{both public and private) (see Tables D.l and D2 in Appendix D).

N steraction ameng programs is negligible in this example. In Figure 3.8, the reammen: budget is
increased only after increasing all the supply-control budgets. However, the same 27 metric ton reduction
by 2007 occurs if the reatment budget is increased before the supply-control budgets.
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Figure 3.9--Dynamics of Consumption Change if $250 Million Is Added ¢ Bach Program’s
Annual Budger

year. Thirteen percent of the heavy users treated, ot about 13,060 people, Sow out of
heavy cocaine use as a result of the weatrnent. If all stayed off cocaine permanently,
then over 15 years, the reduction in heavy users would accumuiate 1o 285,000, How-
ever, same of the departures from heavy use are remporary, so the estimared net re-
ducton in heavy users by 2007 is only 225,000, At an average use of 120 grams 'per
year per heavy uset, this amounts to a 27 metric ron reduction in annual cocaine
consumption,



Chaptrer Four
SENSITIVITY TO KEY PARAMETERS

The responsiveness of cocaine consumption 1o the price of cocaine and the addi-
tional outflow from heavy cocaine use due to treatment are the two most important
behavioral parameters determining this study’s conclusion that wreaunent is more
cost-effectve than supply control. This chapter shows thar the conclusion remains
true even if these parameters should differ greatly from the values used in this analy-
sis. The analysis considers both independent and joint effecis of these parameters,t |

PARAMETERS ANALYZED

The price elasticity of demand is the percentage change in demand caused by a 1 per-
cent increase in the retail price of cocaine.? This parameter is the fundamental link
hetween supply-control programs.and consumption. Supply-conwol programs
increase the retail price of cocaine, and that price increase causes consumption 1o
decrease, with the amount of the consumption decrease determined by the price
elasticity of demand @

The additional outflow due to trearment is the percentage of heavy users treated
during a year that stop heavy use of cocaine during the vesr because of the weat-
ment. They may regress to light use or they may stop cocaine use altogether, but
they are no longer heavy users.® This percentage ig in addition t© the percentage of
those in treatment who would have quit during the year without treatment. More-
over, the dynamic mode] of cocaine demand recognizes the possibility that some
peopie wha flow out of heavy cocaine use in one year may flow back in a future year.

Z&ppehcm F ansdyzes the effect of varving additonal paramaeters i the cocaine-contral model,

2mmnd'de-;reases when price increases, so this price elassicivy Is a negarive munber. Inthis chaprer, itis
gonvardent to have positive values 1o graph, so the figures piot the absolute valiss of the price elasticity.

$ror e precise rofe st the price elasticity of demand plays in the cocaine centrol model, see the
parameter ¢in Bgs. G4 through C10 in Appendix £

$The addad outflow due to weannent is g weighted aversge of e outflows due 1o outpatient and
residenzial reatment. The sensidvity analysis is done with z paramsier x thar Is a muitpiar vimes the
averzge oaiflow rate (12.8 percent in the reference situation). For the besy estimate of the outfiow eate, =
1.0; for the low estmare, x = §.75; for the high estmate, 52 1.50 (see Bg. {D.3: inAppendir 13},
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UNCERTAINTY RANGES

The ranges for the sensitivity analysis are presented in Table 4.1, The middle value is
labeled “best,” indicating that it is the best estimate that could be obtained for this
analysis. The low and high values define ranges judged by the authors 1o include all
parameter values that have a reasonable chance of being the correct value. Ha new
study of one of these parameters were conducted tomorow and the result fell within
the indicated range, we would not be surprised,

* Table 4.1
Ranges for Sensitivity Analysis
Farameter Value
Parayserer Lorw Best High
Prive elosticity of demand - ~§.38 -5.50 -3, 75
Additional cudiow due 16 Graament (%) 39 iz 16.5

SENSITIVITY RESULTS

Tabies 4.2 and 4.3 present the results of the sensitivity analysis of these parameters,
The heading of each 1able shows the parameter and gives the low, best, and high
values of it. The body of each table gives the estimated annual ¢osts (in millions of
1992 dollars) of reducing cocaine consumptior by I percent’ for given conmol pro-
grams and given vakes of the parameter in question. The bottom row of each table
gives the rato of the cost of achieving the consumption reduction through domestic
enforcement 1o the cost of achmving it tl’mcugh treatment.

Table 4.2
Cost of Reducing Consumption by | Percent Effect of Prive Elsaticity
of Demand
{8 millions per year)
Price Easnicity of Demand
Control Program . (.38 =050 ~0.75
Source-country sefzures 1084 783 474
Intediction 505 66 222
Domestic enforcement 330 248 154
Treatnett of heavy users k1 3 31

Enforcementsoearment . o %5 7.3 58

Sasin Chapters Two and Three, this is the cost in the Firss projection year of achieving i:nnsumpuon ‘
seductons over 1% pmzwm years whose net preserit vajug is 1 percent oi‘ consurnption in the fest
projecton year,
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Tahied.3

Cost ofﬁedxadng Corsumption by | Percent: Effect of Additonal
Dutfiow e to Tresoment
{$ millions per year)

Addigonal Curllow Due to Treament (%)

Conerol Program 9.4 1312 16.5
Source-country seirunes T 763 EE))
Interdiction e 66 ' 36
Domestc Enforcement 250 248 242
Treatment of heavy users o 43 34 27

Enforcement/ireatment 5.7 7.3 g4

The ratio in the bottom row of these tables is always greater than 1.0 {(substandally
greater). This means that everi when these parameters are varied to the extremes of
their uncertainty ranges, treatment remains more cost-effective than domestic en-
forcement. Also, the ranking of costs down the columns is always the same, Source-
couniry control costs more than interdiction, which costs more than domestic
enforcement, which costs moze than treatment.

Thus, the main qualitative resulis of this analysis are nor affected by uncertainty
about these parameter values. However, the specific estimates of the program costs
necessary to achigve given consumption cuts certainly are affected. These sensitiv-
ity-analysis tables give a useful indication of just how far to push {or, rather, how far
not to push) the findings of this analysis.

INTERACTION EFFECTS

The effecis of varying the two parameters, price elasticity of demand and additional
putflow due to treatment, are not completely independent. Rather, there is some in-
teraction {see Tabie 4.4}, When the parameters change in the direction of favoring
enforcement, the effects partially cancel. For example, when the price elasticity
changes from -0.50 t0 -0.75, the cost of enforcement relative to treatment decreases
by 2.3 {from 7.3 to 5.0}; and when the additional outflow changes from 13.2 percent
10 3.9 percent, the cost of enforcement reiative to weatment decreases by 1.6 from
7.3 16 5.6). However, when both parameter changes occur, the joint effect is not the
sum of these independent effects, 3.9, but rather the smaller change of -3.4.

On the other hand, when the parameters change in the direction of favoring weat-
ment, the effects reenforce each other. For example, when the price clasticity
changes from ~0.50 to —0.38, the cost of enforcement relative to treatment increases
by 2.2 (from 7.3 to 9.5); and when the additional outflow changes from 13.2 percent
to 16.5 percent, the cosr of enforcement relative to treatment increases by 1.7 (from
7.3 10 9.0). When both parameter changes occur, the joint effect is not the sum of
these independent effects, 3.9, but rather the larger change of 4.4.
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Table 44
Effect of Jaint Variation of Parameters

Price Elasticity of Demand

Additional Cutfiow
Due to Treatment ~0.38 {350 R % 5.
Cost of Domestic Enforcement felative 1o Traatmens
i85 1.7 84 831
132 a5 7.3 £8
i . 74 5.7 348
Difference fom 7.3
5.5 : 4.4 1.7 wi g
i3.2 22 iR 1
a8 4.3 -18 wd A
Relagve Difference fom 73
165 060 0.23 AT
132 . 0,36 600 (3,33

4.8 0.0 =422 w047

The simplest way to describe what is going on is that when the changes are expressed
as proportions, the interaction effect is multplicative, as in the identty {1 + a)(1 + b}
=1+ a+b+ab. Sotwo negative changes result in a positive interaction term that
partially cancels the independent effects, while two positive changes also resultin a
positive interaction term that reenforces the independent effects. For sxample,
{10321 ~022)%1-032-022+007=1-047;,and {1 + 0301 + 023 = 1 +0.30
+0.2340,07=1 +0.60. ’

THRESHOLD ANALYSIS

-

The above sensitivity analyses establish ranges over which parameters can vary and
then ask how much that variation affects results. “Threshold analysis™ poses the op-
posite question: [t asks what parameter changes are necessary 10 reach the boundary
where the putcome changes qualitatively. Specifically, under what circumstances
wottld domestic enforcement become as cost-effective as treatrnent?

Varying the parameters over wide ranges one at a time does not find such a thresh.
old. Increasing the absolute value of the price elasticity of demand reduces the gap
between the cost-effectiveness of domestic enforcement and that of reatment, but
the crossover peint is not reached even if the absolute value of the price elasticity is
* as Jarge 85 2.0 (see Figure 4.1}, Decreasing the additionat outflow due to treatment
reduces the gap between the cost-effectiveness of domestic enforcement and that of
weammens, but the crossover point is not reached even if the additional outfiow is
zero {see Figure 4.2). This last finding shows that, by itself, the suppression of ¢o-
caine use while people are in treatment reduces cocaine consumption enough 1o
make treatment more cost-effective than domestic enforcement,
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In both figures, solid dots indicate our best estimates of parameter values (price
elasticity ~0.5, additional sutflow 13.2 percent). The arrows indicate the sensitvity
ranges analyzed above (price elasticity being between -0.38 and -0.75, and
additional ourflow being between 9.9 percent and 16.5 percent).

Varying the parameters jointly does identify a threshold bevond which domestic en-
farcemnent is more cost-effective than geatrment, but that threshold is very distant
‘from our best understanding of these parameter values {(see Figure 4.3). For domes-
tic enforcement to be more cost-efféctive than treatunent, price giasticity must be
sufficiently high and added outflow must be sufficiently low that together they ex-
ceed the diagonal-line threshold in the upper left corner of Figure 4,3,

The solid dot in the dmgmm indicates the ;;;aramete: values used in this analysis,
The arrows leading out from the dat show the ranges in the sensitivity analysis. The
cross formed by the arrows shows the uncertainty range of the parameters. The
small size of the cross relative 1o the distance from the dot to the threshold line
shows the robustness of the conclusion that treaunent is the most wst»effective
cocaine-control program.
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Figure 4.3—Threshold Values of Price Elasticity and Additional Outflow, Where Domestic
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e
o

[




Chapter Five
ALTERNATIVE EVALUATION CRITERIA

This chapter considers two criteria for evaluating cocaine-conirol programs that are
alternatives to the consumnption criterion used so far in thiz report. In 2 sense, this
discussion is a continuation of the previcus chapter's sensitivity analysis, gxcept that
inistead of varying input paramerers, we now vary {mtput measures, The two alter-
natve evaluation griteria are:

«  Number of people using cocaine.

* Costof crime and lost productivity due fo cocaine use.

User counts are often used to measure the size of the cocaine problem because they
are readily availabie (and widely publicized) from the National Household Survey on
Drug Abuse, conducted annually by the National Institute on Drug Abuse (NIDA},
This measure, however, has the defect that it does not recognize that intensity of co-
caine use varies greatly across users. The consumption measure used throughout
this repart corrects for that defect by nghung light- and heavy-user counts by esti-
mated consumption rates.

Of course, we would like 20 evaluate programs with a measure of the harm done 1o
society by cocaine use, In particular, we would like a measure that distinguishes
berween societal effects of increased consumption of cecaine by users (lost produc-
tivity due to the debilitating effects of drug use) and the societal effects of increased
expenditure on drugs by users (increased crime by users to raise the money for
drugs, and increased violence by dealers to protect drug profits).

This chapter constructs such a societal cost measure. However, consumption (s used
as the main evaluation criterion in our analysis, because we judge that the state of
the art of harm measurement is not yet advanced encugh to be persuasive by itself,
The sociera) cost estimates arg offered here merely as additonal information with
which to compare the aliemative conol programs.

The central purpose of considering these alternative evaluarion criteria is to see
whether they contradict the program rankings established by the consumption ¢ri-
terion. The conclusion is that they do not change the earlier resuit. On all three
evaluation criteria (users, consumption, and sociftal costs), imterdiction is more
cost-effective than source-country contol, domestic enforcemens is mote cost-

35
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effective than interdiction, and treatment of heavy users is more cost-effective than
any of the supply-control programs.

NUMBER OF COCAINE USERS

Table 5.1 does for users what Table 3.2 in Chapter Three did for consumption. The
reported costs are what roust be added 1o the first projection-year budgets of each
control program to reduce user counts over 15 years by armounts whose present
- value is 1 percent of the total number of users in the first projection year.

Comparing the results for users with the earlier results for consumption shows that
the patterns are simiiar {(see Figure 5.1). In both cases the budget required for the 1
percent reduction gets smaller as one moves from source-country control, to incer-
diction, to domestic enforcement, and finally to treatment.

However, the cost levels differ. In every control program the cost for a 1 percent re-
duction in users is much larger than the cost for a 1 percent reducton in consump-
tion. Decreasing the number of cocaine users by a given percentage costs more than
decreasing cocaine consumnption by thar perceniage because contrgl programs in-
fluence consumption both directly, through the consumption of current levels of
users, and indirecily, through altering the flows of users into and out of cocaine use,
while control programs influence the number of users only through the indirect ef-
fect on flows. Because control programs attack user counts in fewer ways than they
attack consumption, achieving a given percentage reduction costs more.

SOCIETAL COSTS

Our societal-cost megsure includes the cost of crime due 1o cocaing use and the cost
of lost productivity due 10 cocaine use, The cost of crime includes criminal-justice
system costs as well a5 property and victim costs. The cost of lost productivity in-
cludes health-care system costs, as well as individual and collective costs of reduced
user capahiities. '

Tables.1
Effect of Conurol Programs on Number of Cocaine Users

Costof I% Decrease  Raddo of Program
in Corzine Users  Cost toTreatment

Tonwol Program: i$ milliorssivel Coost
Saepree-cuuritry conol 2,062 . 153
interdiction 964 8.2
Domestic enforcement §7% 4.4
Troamment iS58 18

KOTE: These costs sre the additionsl control costs in the gt projecton year
which vesult in user count decreases over 15 projection years that have a net
present vaoe egqual ro § percent of the frst year's usor count.
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‘The key point about this measure is that the crime and productivity-loss components
can move in opposite directions. Our analysis assumes that user expenditure on ¢p-
caine tends w increase crime and that user consumption of cocaine ends to increase
productvity losses. For supply-control programs, the two components in societal
costs pardally offset each other, because those programs increase user expenditure
while decreasing user consumption. On the vther hand, for reatment, the two com-
ponents of societal costs reenforce each other, because reatment decreases both
user expenditure and user consurmption.

Appropriately, the societal-cost measure does not include the cost of supply-control
programs or the cost of weatment programs—those costs are captured by the
cocaine-gantrol budget, Qf course, the wial cost to society due 1o cocaine is the sum
of the crime and productivity costs and the control costs. For an increase in cocaine
control 1o reduce the 1o1al oSt 1o $ociety, the savings in crime and produdtivity costs

mmst be greater than the increasa in contrel costs. :

How Large Are the Societal Costs of Cocaine?

Table 5.2 presents ¢stimates of the socigal costs of cocaine use based on the Rice et
al. {1980} estimates of the costs of drug abuse. Dewils for each summary category
{crime and lost productivity) in the table show how the aggregate estimares were



38 Centrolling Cocains: Supply Versus Demand Programs

Table 5.2
Estimates of Annual Crime and Lost-Productivity Casts Due to Gocaine Use

1992 Cosrof
1985 Castef Adjustrpest Adlustment Locaine

Dmgabuse  Factor, 198% Facror, 1982  Proportion Abuse

Type of Cost {5 milkions) to 19889 10 1ob Cocaine®  (§ millione

Crime Daie to Drug Abuse
Property deszruition 755 133 . 1.183 £.433 54
Vicdms Gf erime 842 © 1426 1.185 #1433 870
Erirminal justice 9 566 ' 1,279 185 £.433 5,240
_ Subtotal 11,108 7,324
_ Productivity Lost Doe to Drag Abuse

Short hospital stay 1,242 1.30% LI1ES 4,373 715
Morbidity . 5478 1.203 1.185% . g3 3,178
Morzality® 9,605 1.188 1.185 8373 5044
incarceration 4,434 . L3320 1.185% 4.373 2,587
Crime carmer 13,976 1320 1185 0,373 B.154
Subsotal 3B ) 13,580

SOURCE: Rice ez of. (1990, pp. 8, 133, 148, 164), ,

NOTE: Does it include aleoho) abuse of cotttrol-program costs.

*Adjustment from 1585 1o 1988 done wish Rigs report factors (Rice, 1989, p. 164).
Bagdiustment from 1988 (o 1992 done with Consumer Price Index (PR,

“Eraction of crimne coaty cansed by cocaine is esﬁmawd by tocaine’s propordun of user expendinege on all
drugs (ONDCP, 1391b, p. 5

“Eraron of productiviry cost caused by cocalne (s estimated by cocaine’s propordon of all drug-aduse
gearments (Burynskl, 1390, pp. 41471 The assumption ko that the severity of the problem caused by a
drug, relative to other drugs, 6 proporgoaad 16 e number of drig users whe seek treammen:.

€ Mortaiity oost sstimate for all drng abuseis 8, 18 deaths (Ricw, 1993, p. 132 times $1.57 million per death
(Fisher, Chestmug, and Violetie, 1368, p. 97, esthrmate expressed in 1585 doliars),

constructed. Also, the table shows the adjustments made to inflate the drug-abuse
cost estimates (o 1992 and to identify cocaine's share of the 1otal cost.

Crime costs consist of three detailed categories estimated by Rice: “Property de-
struction” includes all property lost due to violent and personal erimes such as rob-
bery, assault, burglary, larceny, and motor vehicle theft. "Victims of crime” consisis
of the cost of lost work dme by those who are vicdmized, "Criminal justice” costs are
the arrest costs and jail or prison costs for people apprehended committing crimes 10
support their drug habit,

Productivity-loss costs are divided into five detailed categories estimated by Rice:
“Short haspiral stay” includes emergency room visits, but does not include outpa-
tient or residential drug treatments. “"Morbidity” costs are the value of goods and
services lost because cocaine users produce lesseither because they are unabile to
-perform their usual activities at full effectiveness or because they are unable to per-
form their usual acuvities arall. “"Maortality” costs are the Current monstary value of
future cutput lost due to premature death. “Incarceration”™ costs are the productivity
losses for individuals ip prisan as a result of 2 conviction for a drug-related crime.
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“Crime career” costs are the productivity Josses for drug users who engage in crime
as a careex rather than in legal employment.!

How Do Control Programs Affect the Societal Costs?

Two assumptions govern our estimates of how cocaine-control programs affect so-
cietal costs:

»  The cost to society of crime caused by cocaine use is proportional 1o the expendi-
ture on cocaine by cocaine users,

»  The cost o society of productivity losses caused by cocaine use is proportional to
the consumprion of cocaine by cocaine users.

The need for evidence that supports these assumptions (Or that replaces them with
better assumptions; is the major deficiency in the current state of the art of harm
measurement. On the other hand, considerable variation can be made in these as-
sumptions without changing the qualitative findings below.

Table 5.3 does for societal costs what Table 3.7 in Chapter Three did for consump-
tion, and what Table 5.1 earlier in this chapter did for users. Once again, the first
projecton-year budgets of each control program are increased, but this time the ob-
jective is to make 15 years of reductions in societal costs have a net present value
equal to 1 percent of the societal costs in the first projection year.

] .
As in the analysis of user counts, we compare the results for societal costs with the
earlier results for consutmption (see Figure 5.2). The by-now-familiar result is that
the ineremental budget requaired for the 1 percent reduction becomes smaller as one
moves from source-country control, to interdiction, to domestic enforcement, and
finally 10 treatinent.

, Table 5.3
Effeet of Control Programs on Cost of Crime and Lost Productivity

. Costof 1% Decrease  Program Cost

in Soeesal Cost Relative o
Control Program {% millionsivr} Treatsnen:
Sowrce-country contro} 1904 514
ingerdicuon B9 | 24.}
Domestic enforcement s40 46
Treammant 3. 18

NOTE: These sosts are the gdditional control costs in the first projecdon
vear which result in sociewal con decteases over 15 prniection years that
have ane? preseat value equal 1@ T percem of the first year's socieal cos.

Lincarcoration costs and aime career cost ae incduded under the lost. prodactivity heading rather than
e ctsst of crive, bacaase we assume thaz they are dependent prismarily upon the ¢ocaine-caused inabilicy
1o do productive work i socery, rather than of the amount of ¢xime committed. Henve they are assumed
1t b driven by the amnun of cocaine corisunmed, rather than by the cose of purchasing the cocaine.
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This time, however, the cost levels differ only for the supply-control programs, The
cost of a 1.percent reduction in societal cost is essentially the same as thatof a 1 per-
cent reduction in consumption. The suppiy-contral programs are relatively less ef-
fective at reducing socieral costs because they march in two directions; The price in-
crease that causes consumaption (and hence the cost of lost productivity} to decrease
also causes user expenditure on cocaine {and hence the cost of crime) t ncrease.

Note that this partial canceling of the effect of supply contivls on societal costs is de-
pendent upon the price elasticity of demand having an absolue value less than 1.6
Since we judge that elasticity to be -0.5, we are well within that imic. When supply
control causes a 1 percent increase in: the price of cocaine, consumption of cocaine
decreases by 0.5 percent—making user expenditure on cocaine increase by 0.5 per-
cent. '

We have compared the costs of reducing user counts with those of reducing con.
suwmption, and the costs of reducing societal cosis with those of reducing consump-
rion. Now, we make a three-way comparison. Figure 5.3 plots the ratio of domestic
enforcement cost to treatrent cost for 1 percent reductions in each criterion. The
trend is dramatic. Moving to more sophisticated measures of program effectiveness
increases the cost-effectiveness advantages of weaument,”

" Finally, the societal-cost analysis offers the opportunity to go beyond judging relarive
program performance and also judge absolute performance.? Societal cost is mea-

- LThe assessment is faitly broad bush, however, given the imirarions of aur kpowledge of the societal
caszsarcocmne
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Fipare 5.3—Cost of Domestic Enforcement Reladve to Treatment Under Alternative
Evaluation Criteria

sutred in dollars, as are the comrol-program budgets, so we can compare the two and
ask whether the savings i societal cosrs are larger or smaller than the control-
program budgets required 1o obtain those savings.

Figure 5.4 shows our answer 1o the absolute cost-effectiveness question. For the
supply-control programs, the estimated savings are smaller than the control costs:

Source-
country Domestic
contral Interdiction enforcament Troatmart
0007 e :,
~1.00 /

Breakeven savings

b b A o b
8 8 8 € 8
I

700

Change in sodielal cost per dollar spent
on sorrol {$)

~5.00

Flnure $.4—Savings In Societal Cosis Resulting from Alternative Control Programs
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An addidonal tocaine-control dollar generates societal cost savings of 15 cents if
used for source-country control, 32 cents if used for interdiction, and 52 cents if used
for domestic enforcement. In contrast, the savings from Leatment programs are
larger than control casts: an additional cocaine-control dollar generates societal cost
savings of $7.48 if used for reatment. '



Chapter Six
COMPOSITE PROGRAMS

The previous chapters of this report focused on finding the direction in which
cocaine-control policy could move to become more cost-effective. The answer was
to cut Back on supply control and expand weatment of beavy users. However, there
remains the guestion of how far one can move in this indicared direction. There is a
limit ro how much of the cocaine problem can be svlved by weatment, because
treatment is only partially successful in stopping cocalne use. Even reating all heavy
users once a year would not eliminate the cocaine problem.

This final chapter expiores what can be accomplished by expanding treatment, both
with and without cuts in supply control, Specifically, we analyze four alternatives to
current policy: -

+ Alternative A: decrease gach of the three supply-control program budgets by 25
percent.

»  Alternative B: decresse the supply-control ’budgezs by 28 percent and double the
current treatment budger

+  Alternative C: decrease the supply contrel budgets by 25 percent and trear 100
percent of heavy users each year.

= Ahernative D: treat 1) percent of heavy users each year without changing the
supply-control budget.

Table 6.1 shows the tocaine-contre] budgets for each altemative. The supply-control
budgets are 25 percent below current policy for Alternatives A through C, and the
same as current policy in Alremnative D! The treatment budpet is twice that of cur-
rent policy in Altemnative B, and aimost four thmes current policy in Alternatives C
and .

Neither the number of treatments nor the percentage of heavy users treated doubles
when the geatment budget doubles, because we assume that the proportion of resi-
dential treatments relative 1o outpatient weatiments increases as more people are
treated, For example, comparing Alternative B with cutreny policy, aithough the

e 25 percent cut was chiosen for this apalysis because it is a round sumber that genersigs encugh
conmol-budger savings tu pay for zeadng all heavy users once s year,

v
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Table 6.1
Characteristics of Altemative Composite Plans

Alernative Plany
25% Cut Restare
Supnly Double 100% Supply
frern Current Policy Conooi(A)  Treatvent (8} Treavment €3 Congral (D)
Locaine Conul Budgets {$ bilions per yean
Sourca-LouniTy control 08?7 g.85 LY 865 687
ineerdiction LA . 128 R - 128 171
Supply conma . 947 EAY 7.1 (A 947
Treatment Rk 5493 1.88 68 152
Total 1298 957 1050 1272 1557
Numnber of Treatments per Year ithousands)
Cuipatient reamment - 30 M = 3 8§27 500
Residential meamnent 118 e 22 827 6500
Total 548 b H 882 1253 1200
Pervont Heavy Users Treared Bach Yeaur
Percent weated b 27 & - b0 X

NOIE: Alternative A cuss zil three supply-control program budgets by 25 percens; Aernative B spends
one-third of the supply-cuntrol savings on doubling the curren? teatment butiges Alternative © spends
nearly 4l the supply-conrol savings (o treat 100 percent of the heavy users each vear; and Aleemardve [)
treats 100 percens nf the heavy users each year, with no ¢t in the supply-congol budger, Estimates are
annyalized vaiues over 15 projection years using a 4 percent real discpunt rate. All dollar values are £x-
pressied in 1992 dailars,

treatment hudget is doubie, the number of treatments is only three-fifths greater,
and the percentage of heavy users treated is only four-fifths greater.2

Aliernatives C and D, the “100 percent treatment” plans, offer reatment during 2
year to all people who are heavy cocaine users at the start of the year. Beyond this
point, treatrpent most lkely cannot go. In facy, it is not at all certain thar this level of
treatment is feasible. Keep in mind, however, that the percentage refers 1o the num-
ber of treatments daring a year divided by the nunsher of heavy users at the start of
the year. If a person who is offered treaument quits after only a week or 8o, and then
a few months later starts trearment again and this ime goes the distance, that counts
as two treatments even though there is only one person involved and the first treat-
" ment essentially did not happen. So the number of separate people meated during a
year would be less than 100 percent of the heavy users, and the number of people
. who receive complete oeatments would be an even smalier proportion of all heavy
users. Looked at this way, the “100 percent treamment” aitemauves appear mote fea-
sible than they do at Rrst glance,

“2The percentage reated htreases more than the mumber of treatnents hecause Alternative B decreases
the number of heavy users. Alsc. the weawnent perceatage is of heavy users at the start of a yeaz. This
differs somewha: from treatment as a percentage of the heavy users at the end of 2 vear reported below in
Toable 6.2
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What do these four allerniative composite plans accomplish? Figure 6.1 shows that
they offer a range of cocaine-consumption levels in retumn for varving amounts of
cocaine-conirof money.

I supply-control buddgets are cut by 25 percent (Alternative A), the cocaine problem
fas measured by consumption) gets worse, but the cocainie-control budger decreases.
However, spending about half of the supply.control savings on doubling gearment
{Alternative B} reduces cocaine consumption below what wouid occur under current
policy. Expanding treatment to all the heavy users (Alternative 3 further reduces
- consumplion and uses up essentially all the savings from the supply-contio! cut.
Finally, if all the heavy users are treated withou: catting the supply-control budge:
{Altemative D), consuroption decreases even rore, but the comtrol badget is one-
fifth higher than itis under current policy.

The composite programs plotted in Figure 6.1 are, of course, riot the only altematives
to current policy. For example, initially curting supply-control programs by a greater
perceniage would shift peint A leftward {and slightly upward) and move the entire
curve {excepr for point D) generally to the left.

Moregover, even retaining the 25 percent cuts in supply contrgl, there are intermedi-
ate plans between those analyzed here. Any place on the bold segment in Figure 6.2
between the left pointing arrow and the downward pointing arrow is a superior
cocaine-control policy to the current one. Those plans all offer greater accomplish-
ment ai iess control cost than the current policy does.

310
350 Supply control cat 25%
330 A
Shit) o

Gurrens policy

rd

2801

2561 Double treatment

Cocnine consumption {matrc 1ong per yerr)

2R
210F G Supply control restored
190 $00% treatment >
176 ‘ , .
150 tw i ; i ; H } )

9 10 11 12 13 14 15 i

Cost of control programs (§ bilions/per year)

Figuze 6. 1—Eflect of Alternative Co:ixpﬁsite Programs on Cocaing Censumption
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The left-pointing arrow in Figure 6.2 indicates a pian that holds cocaine consump-
tion at the level obiained under the current contro! policy while accomplishing
considerable reduction in the cocaine-control budget. The arrow pointing swraight
down identifies the plan with the same budget as the current policy but considerably
greater success in decreasing cocaine consumption.

Finally, the arrow slanting to the right shows the cansequences of going direcily 10
the plan that holds the supply-control programs at current levels and offers 106 per-
cent treatment. Such a plan costs more than the others--about one-fifth more than
the current policy-but it may be the most politically feasible,

Up v now, this analysis has presented average results over 18 projection years,
which have provided an overview of the cost-effectiveness of alternative composite
strategies. However, by themselves they 1end to creare the impression that the effect
of alterna tive plans is uniform over the projection years. On the conwary, the differ-
ences between altematives ger larger over time (see Figure 8.3,

The dashed line in Figure .3 shows the projected year-by-year consumption levels
under the current control policy. This projection reflects the incidence (new users
per year) scenario adopted for this analysis.® Our model does not attempt to predict
cocaine consumption in the future under current policies, but rather (via the inci-
dence scenario), it assumes a hrture path of consumption under current policies.

S5pa Appendix C for 2 discussion of the invidendce scenario used throughout this ansiyvsis: Incidence i
assined 1o decline Hneardy 1o half its current jevel hy 2007,
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The model then predicts the quantitative impact of changes in control pmgfams on
future consumption.

The solid lines in Figure 8.3 present the vear-by-year consequences of the four alter-
natives. The lowest line in the graph shows that expanding treatment without cut-
ting supply control (Alternative {)) can cut cotaine consumption by slightly more
than half by the year 2007. The decrease would be accomplished pnmanly bv reduc-
ing heavy-user consumption (see Figure §.4).

To corclude this analysis, we expand our focus 10 inchude the other two evaluation .
criteria considered in Chapter Five-the number of cocaing users and the societal
casts of cocaine use, Table 6.2 reports our estimates of the cutcomes over the 15-
year projection perivd for all three of our evaluation criteria,

Decreasing supply control by 25 percent and doubling eatmem (Altemative B)
wanld leave the number of users essentially unchanged from that under the current
cocaine-control policy, while decreasing average annual consumpton by 20 metric
tons {a 6 percent reduction). This composite program would save $2.1 billion in an-
nual costs of cocaine control and $3.2 hillion in annual societal costs, for a total an-
nual saving of $5.3 billion.



48 Controlling Cocaine: Supply Vervus Demand Programs .

£}
&
=
B g4
i
£
8
2
=
E
[«
&2
B
|
2
©=
<
o
o
£
L

300

ny
&

)
a

Consumptitn by heavy users |

g

160
50
8 2 o * Ei -

1852 1585 1998 2001 2004 2007
Figure 6, Mﬁynammﬁ of Consumpiion Change Under Ai:emativa £2 {100 Percent Treatment,
KNo€utin Supply-{iommi Budget)

Teble 6.2

Results of Alernative Composite Plans )

Composite Pt
v . 25% Cut - Restore
. Supply Double 0% Supply
Trens Current Pality  Conteol () Treatment (B) Treatment {0} Control (£
. Coraine Users at Year End (millions}
Light users €18 531 538 5.48 529
Heavy users 154 1.57 57 - 118 113
Al uyers . 708 L B 7.06 857 B.42
Cocaine Cansumprion (INEIo 1ons per year)
Light users 36 34 a5 % . B5
Heavy users 228 50 199 117 103
Adf uesers Si4 344 2584 241 L.
Price of Cocaine and Liser Expenditure on Cocaine
Price {5/gram) 128 T 1M 104 H L3 18t
Expeaditire ($ billions/yeas) i85 KT 3.7 24.3 5.4
. Socieral Coess of Cozaine ($ billions pervear) .
Crirme 77 &7 . 88 47 586
Lost productivity 213 3.3 188 14.3 .17
Tow] _ - RE e 258 190 8.3
Toal Cest of Cocaine ($ billions pet year)
Control cost 138 TR . s 127 156
Soviemi cost L2448 3.0 5.8 88 18.3
Tow ) 2.0 0.8 3.7 3.2 1

-NOTE: Altermative A cuts all three supply-coniyol program bukigers by 25 percent; alternative B spands 4.
third of the supply-conmo! savings on doubling the cursnt treatment budget; alternative C spends pearly
43 the supply control savings to rear 195 percent of heavy users each yeur; and altiernative £ tragrs 100
percert of heavy users exch year with ne cut it the supply-contol budget. Estimates we annuaiized
valtdes over 18 pro;eczien years using 2 4 parcent real discount raze. All doliar vaities are expressad in
14992 dollars.
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Further expanding treatment to cover all heavy users {(Alternatve C) would decrease
the number of users by 0.39 million and decrease average annual consumption by
103 maetric tons, refative to current policy. The total apnual cost of cocaine control
would be only $0.3 hillion less than under current policy, but societal costs would de-
crease by $10.¢ billion, for a rotal annual saving of $10.3 billion compared to currerit

policy.

Finally, Alternarive D's. restoration of the supply-contral budget (treating all heavy
users without changing the current levels of supply-contrel programs) would de-
cTease user counts, annual consumption, and societal costs even more. However,
restoring the supply-control budget increases control costs more than it decreases
socieral costs, so the total annual saving relative to current policy, $8.1 billion, is
smaller than that under Alternative C. ’

Cuts in supply control make price decrease enough when changing from current
policy to Alternative A for user expenditure 10 also decrease, The increase in price
when moving to Alternatives B and C results from supply-control efforts being
spread over smaller amounts of cocaine gaffic (as treatment increases, cocaine cor«
stmption goes down, 0 a given amount of supply controd is more effective per unit
of supply and affects price more}. But here the price effect is very small, so expendi-
ture moves in the same direction 2s consumption,

50
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Figure 6.5-~Effect of Composite Cocaine-Control Programs on Total Societal Cont
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The alternative plans affect our three evaluation criteria similarly: The number of
users, consumption, and societal cost zll increase when supply-control budgets are
cut {(Alternative A), they afl decrease when eatment is expanded {Alternatives B and
C), and they decrease some more when the suppiy-mmml budgets are restored
" {Alternative 1)),

However, the total cost to sociery (the sum of control cost and societal cost} has a
different pattem (see the bottom row of Table £.2 and Figure £5}. The total cost of
cocaing to society decreases when supply-control budgets are cut, decreases some
more when wreamment is expanded, and then increases when the supply-control bud-
gets are restored. The decrease in the first step and the increase in the final step both
occur because supply txmzml adds more to control costs than it subtracts from saoci-
etal costs, :



Appendix A
COCAINE SUPPLY

This appendix presents an overview of the cocaine production process. It constructs
both a physical account (metric tons of cocaine produced} and a financial account
{cost of producing the cocaine) in order to explain the factors affecting outpur price
{total cost divided by net product). The appendix concludes with estimates of the
physical and financial accounts for 1592,

STAGES OF PRODUCTION

We divide cogaine production into six stages, sach described by its output;

*  Leaf
. ¢ {ocapaste
s+ Cocaine base

= Cocaine in the source country
»  Wholesale cocaing in the United States

«  Retail cocaine in the United States

The first four stages accomplish the chemical processing of the original agriculturai |
product into cocaine; the last swo distribute the cocaine from the source country to
the United States, and then within the United States. This appendix and the next de-

scribe all six of these stages. Elsewhere in this report, the first four stages are meated
as a single stage, production of cocaine in the source countries.

" PHYSICALACCOUNT - ’

At each production stage the output from the previous stage becomes the input to
the current stage. That input is then transformed by a vield factor into the gross
product of the current stage:

G= gN(i- 1} : {A.1}

Nii~1; = net-product output from previous pwductiazi stage, input to current
production stage, | .

51
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g = yield factor (ratio of metric tons of gross product zz; me:ﬁc tons of i input
from prekus production stage)

= BrOss pmﬁuct at this producton stage

This gross product, however, does not constitute the output of the current stage.
Some of the product gets consumed in this stage’s form, and some is lost through
seizures by supply-contol programs. Consegquently, the net product available to be-
come the input to the following pmducuon stage is gross product less consumption
less seizures: .

N({}=C-C-X | ' (A2}

¢ = consumption of this stage’s product
-4

N}

#

seizure of product by supply-control prograrms

net product of production stage §

FINANCIAL ACCOUNT’
Total Cost

- The total cost to producers at a given production stage consists of the purchase cost

of the net product from the previous stage which provides the input to the current
stage {the first term in Eq. (A.3)), plus the processing cost of converting that input to
gross output, including afl capital, labor, and material costs (the second term of Eq.
(A.31}, plus the cost 1 producers of supply-control financial sanctions! {the third
‘term’ of Eq. {A.3}}, minus the offsetting revenue from consumption of this stage’s
product? {the fmzrth term of Eq A3

T w Pllw IN{- 1+ KOOG+ S0~ [M m:}]c A.3)
- q ,
© Pl-1) = price of input (price of net prddﬁcr from staga i~ 1)
K = processing cost per unit of gross preduct
8§ = financial sanctions '
T = total producer cost of this production stage

Note that the level of financial sanctions, S, is specified in Eq. (A.3) as being a func-
tion of the level of cocaine seizures, X In fact, as Appendix B elaborates, we assume

TThe financial sanctions inclade asset seifures, the Cost o producers or drug dealer and agemy Arvess, and
the costs to producers of drug dealer and agent imprisonment,

2The price of the product soid for eonsumption 15 assumed 10 just cover the cost of production (purchase
of input from previsys production sage plus processing cost).
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that as cocaine geirures increase, each component of financial sanctions {asset
. seizures and arvest and imprisonment of drug dealers and their agents) increasss
proportonarely. This “fixed factor” specification of the direct effects of supply con-
ol is an approximation 10 & moré complex model that would include varying pro-
portions. For exampie, the interdicdon model of Canlkins, Crawford, and Reuter
{1893) has cocaine seizures and financial sanctions varying in different proportions
as drug srugglers adapt their strategy 1o the level of supply control.

The processing cost factor, K, is also specified in Eq. {A.3) a5 a function (nonlinear in
this case) of the leve] of cocaine seizuves, X Again, Appendix B provides the details,
In sumimary, as cocaine seizires and Snancial sanctions increase, cocaine suppliers
seek ways to limit those damages. The revised supply strategies add 1o processing
costs, in retum for holding the seizure and sancton losses below what they otherwise
would have bgen.

Price of Net Product

The price of the net product from a2 production stage is the total cost divided by the
net product. This equation uses our assumption that sach stage of the cocaine sup-
ply process is a competitive market:

P() = i {A4)
N{

As Appendix B describes in detail, this analysis considers the amount of product
seized, X, the financial sanctions, §, and the processing cost per unit cutput, X, to all
be increasing functions of the supply-control budget, B, for the given production
stage, I. Product seized, X, is also an increasing function of gross productdon, G, for
the given production stage. Using B ro.indicate that functional dependence and ex-
pressing inputs and gross product in terms of net product (by solving Egs. (A1) and
(A2 toget Ga N+ L+ Xand N i - 1) u [N{i} + T + X/q) reveals the overall depen-
dence of output price on the supply-contrel budget:

Fiint) ¥ K(ﬁ;)%[?{{;}& C+ X(Bi, Gz}]+ SiBy)

P = L 3 s {A.5)

This equation shows that the output price from a given produciion stage is ynam-
biguousty an increasing function of the supply-control budget at that stage.

Dividing each term of the numerator in Eq. (A.5) by the net product, NG, shows thar
the price, P4, equals a first term that does not vary with the net product plus a sec-
ond term that decreases as the net product increases (provided the effect on X of
gross production, &, is not toc large, which is the case with the paramerer estimates
used in this analysis), Thus, holding the supply-control budget constant, an increase
in the ner product causes the price of that product 1o decrease. In other words, the
cocaine supply curve siopes downward:
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i}
i

Lk R J [C+ X8, G+ 5B

(A.6)

NG

P = [P{"' b, x{si}} N {
P

This phenomenon of the downward sloping supply curve for cocaine is discussed {n
Appendix E, the key point being that this is an industry supply curve (which can have
a downward slope in competitive markets) rather than an individual firm supply
curve {which cannot have a downward slope in competitive markets).? Increasing
the net product in the second tenn of Eq. (A.6) amounts 1o spreading the supply-
control costs to the producer over a larger voiam of business, so the effect on price
is diiuted.

PARAMETER ESTIMATES

The empirical estimates presented here are for 1992, the base or reference year for
this report’s analyses. It is the year from which all our policy analysis starts, with
policy changes affecting projections for vears 1333 onward. Some of the information,
however, comes from earlier years. Where possible and appropriate, telated trends
are used to update the garlier-year information (o 1992, In particular, all prices and
dollar values have been adjusted into 13982 dollars, using the CPL No updating was
done in the estimates of production vield factors {metric tons of cocaine per metric
ton of cocaine base, for example). Those factors were obtained from 1888-1990 co-
caine production accounts in ONDCP {1991b). The level of cocaine production has
been fairly constant over the past few years (Holmes, 19983, 50 using prior years' data
to estimate supply characteristics in 1992 is not unreasonabie,

The supply accounts begin with coca leaf production in Bolivia, Colombia, and Peru
{Table A.1}. Up-to-date 1992 informadon was ohiained from the International Nar-
cotics Controt Stravegy Report {(Buresu of Imernational Narcotics Matters, 1893).

Table Al
Source-Country Coen Leaf Produrtion: 1992

Coem Leal o Leal
AteaCuldvated  Arza Eradicated  Area Harvested ‘Harvested Lorsumed
Country {hectares) {hecares} {heceares; {metric tons} {vpuit tonst
Bolivia 50,645 5,149 45,300 83,350 006
Colombia 38,059 954 37100 29500 £
Peru 124,100 ¢} 129,168 223308 006
Towd 217,808 6,108 214,760 333500 0000

. SOURCE: Bureau of Internarional Nargotics Maters (19931

35ee also the extensive discussion in Caulking {1990, Py 287-283],
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The physical accounis for the six production stages {Tables A2 through ASand A7
through A.8) trace this coca leaf through to the United States retail market by multi-
plying by yield factors and subtracting consumption and seizures at each stage. The
product-seizures estimates are from Appendix B

The financial accounts in these tables add processing costs and finandial sanctions o
Input costs 1o get sotal cost. After any revenue from consumption at the given stags
is subtracted, we have the rotal cost of the ner product transferred to the next pro-
duction stage.

These initial t‘oér stages in the production process are analyzed as a single, compos-
ite srage in this analysis. Accordingly, Table A.6 consolidates Tables A2 through ALS.

RETAIL PRICE TRENDS

The real price of a gram of pure cocaine in the U.S. retail market has decreased by a
factor of 6 during the past 18 years, from an estimated $756 in 1977 to $128 in 1592
{see Table A.9). This dramatic behavior becomes apparent, howsever, only after the
observed prices have been adjusted for varying degrees of purity over time, and for
background price infation in the economy,

Table A2
Production of Coca Leaf 1992
Hem Amoanmt
Physical Avcount
Asex aftivated, hectares 217,808
Area eragicated, hecrares 6,168
Arex harvesied, hectares . 215700
Yield factor, metmic tons lealfhectare 1.5768
Grogs produc, metnie rons of leal 333.800
Cansumpyion, meiric tons of leaf 23500
Beirure, medric tons of leaf 239
Ner product, metric wons of leal 33kt
' Financixl Avgount
Production cost per uniz, § millions per metic ton of gross producs A0230
Produesion cos, S millions 768
Revenue from consumption, § milions ) 45
Financial sancton, 3 villtions g
Total cost of net produci, $ millions . bz
Price of net product, $ millions per mesic tons of leal ' 0.0023

SGURCES: QNDUP [1981h), ONDCP (1582}, Buveau of ntemastional Narcatics
Matters {1953, and Kennedy, Heuter, and Biley {19541, All dollar amounts in 1942
duilars. )

NOTE: Consumption estimaie sng yield factor from Table AL Coos fvaf eefzure
from Tahie B.1. Price of net product from Kennedy, Reoter, and Riley (1954),
Production cost estimated as ol -cusr of net product plus revenue from
ConsUmption. -
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Tuble A3
Conversien of Coca Leaf to Coca Paste: 1992

r

Item , ) . Amomnt
Physical Accoant

Input from previcus Stage, metic was of leal 313,561
Yield factor, mewwic tons of pase pey memic wons of ieef 04.0682
. Gross prochace, metrie tony of pasie 2573
Selpure, metric tonsof paste |
Net prodnet, megsic wons of paste 572

) Financlal Actount )
Coz ofinput, $millions - M

Processing cost per unit, $ milions per metric tons of gross

prichiet 0.15%3
Processing cost. § millions 435
Financial sanction, $millions 6
‘Toial cost of net product, $ millions 1,187
Frice of net producy, $ millions per et vons of paste 045

SOLIRCES: ONDCP {15961b, 1592b), Burean of International Narcodcs
Matters {1963), and Kennedy, Reuter, and Alley {18941, All dollar arnouary
in $992 doliars,

NOTE: Yield factor from 1388~1990 production sccounts in ONDCP
{191k, pp. 30-32). Paste seizure from Table B.1. Price of net prodyuct from
Kennedy, Reuter, and Riley (1994, Processing cost esdmated as a resicue:
wtal cost of net product less cost of Input and Snancial sanedion

Table A4
Conversion of Coea Paste to Cocalne Rase: 1992

item : Ao
Physical Aecoumt

fnpus from previous stage, Taetric wns of paste 2572

Yield favton, metric tons 6 base per metric ton of paste 0.3622

{rnes product. metsic s of base 432

$eimare, merric tans of base 2%

Net product, metric tons of base 13
Financial Accourit

Cost of inpur. $ sillion 1157

Processing cost per uniit, $ millions per metric ton of gross 0.6351

product

Processing cost, $ millien 592

Financial sanction, $ million . i H

Total costof net product, $ mitlisn 1749

Price of net product, $ millions per matic ton of base 182

SOURCES: ONDCP (1951b, 1982b1, Bureau of International Narcedcs

Matrers {1583}, and Kennedy, Reuter. and Ritey (19843, All doflar amournss
in 19492 dollare.
NOTE: Yield factor from 1988-1820 production pecsonts in ONDCR
[31961h, pp. 30=32). Bage selzure from Tahie 8.1, Price of nerproduct from
Kermedy, Reuter, and Riley {1994). Pricessing cost estmared a3 5 resichual:
1aral cosz of net product less costof inpnst and Snanciat sancrion.
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Table A5
Conversion of Cocaine Base to Cocalne Whelesate in
Source Country: 1992

rem . Amgunt

Physical Account
Inpuz from pzvemus stage, metic tans of base i1
Vield factoy, metric tons of cocaine per metic ton of base 09364
Gross prodacs, seeic tons of cocaine ) 853
Consunprion,* mesic tong of cocaine = 213
Seizuze, metric fons of cocaine 163
Nat product, metic rens of cocaine ' [ 74

Financial Account
_ Cost of inprx. $ millions 1,749
Processing cost per wiit, § mElions per setric 1on of gross producy 1.373
Processing coss, $millions 1171
Revenue fron conzurnptan, $ millions $53
Finnanvial sanction, $ miliang . : pLi74
Tonal cost of net produtt, $ mliions 2,368
Price of net product, § milllions per mandc 1 of cocaine 445

SOURCES: ONDCP (1991, 19925, Harean of Imernadonal Narcotics Marters (1993),
arid Kennedy, Esuter, and Riley (1934). AE dollar amounss in 1992 dobiars,

NOTE: Yield faetor from 1988-1 9% production accounis in ONDCP (1991h, pp. 36.323,
Cocaine selrure from Table B.X. Financial sanction from Table B.10, Price of net
product from Kennedy, Reuger, and Riey {1884}, Processing cost estimated as a
residual: toual cost of net product plus revenue fom consumption less cost of inpus
and financial sanction.

¥Includes consumprion in sewurce countries and corsumprion in non-12.5. destination
markets such as Burope, estimased as 25 percent of gross prodacton in source
sountries {see GNDCP, 1991b, p. 36371

Table A6

Summary of Source-Country Prochuction of Cocalne for the Untted
Siates Market: 1982

jtem Aot
Physical account
- Gross product, memis s of cocaine : 654
Seizure,® metric tons of cocaine n?
Net progdecr, memwric ons of rocaine : 537
Financial account
input cos per ank, £ millions per mewis ton of product A
Processing cost per anit, § millions per mewic 1on of prodoe 14067
Processing cost, § milions 920
Financisl sanction, $ mitlions 3174
Totad st of net product, $ millions 2,368
Price of ner prodact, $ millions per enethic won of cocaine 441

SOURCES: ONDCP U991 b, 199703, Burean of Intemnational Narcodes Maters {1993),
and Kennedy, Beuter, and Riley (19843, All dollar amokrss i 1992 dollars,

NOTE: Vield faceor from 1988+1990 producdon accnunzs in ONDCP (1991%, pp. 30—
323 Cosalne seizare from Table B.5. Finandial sayciion from Tabie 3.10. Priceof nes
peuctuct from Kennexdy, Reuter, and Riley {1394), Processing ¢ost estimated as 2
resishual toral cost of net produes less cost of fupat and financial sénction.

Mucludes seizures from previous stages transformed im0 cocaine equivalents
(sefzures a7 each Srage mutnpliag by the product price a1 that stage, summed, and
hen dmded by the source-colinty prive of cocaingy. *
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Table A2
Transportation of Covaine to the United States: 1992

Item . Areount
Physical Account
-+ Input from previcus stage. Metric s of sucaine 537
" Yield {aztor, metric tons of cocaine per merric ton of coczine 1.t
Giross pmoduct, metric tens of cocaine 837
Seirvre, et tons of cocaine 9
Net producy, mnetmic tons of covaing . 3
! Financial Account

Castof inpurt, 3 millions 2,368

Processing cost per onit § mllllons per metric won of gross _
product 3,453
Processing cost, § miiimns 4,754
Financiai sancrion, § milions it
Total eisst of et preduct, $ millions 7531
Brivw of niet product, $ millions per metic 1on of cucaine 1700

SOURCES: ONDCP {1992h), and Kennedy, Reuter, and Riley (1994). All
dottar gmounts expressed in 1992 dollarg,

NOTE: Covaine seizure from Yable B.5. Financial sanction fiom Table
B.18. Price of net product rom Kennedy, Reuwr, and Hiley {1884}
Processing cost sstirnated a8 & residoal: votal cost of net product Zt.ss soss
of input and Bnancial sa.nctia&

%

Table AB
Heralling Cocaine in the United States: 1992

Hem _ Amount
Physicai Asoount
Inpag from previous stage, Memic s of Socaine 443
Yield factor, metric tons of cocaine per metric 1on of cocaine 19
Gross produd, menic tons of cocsine 43
Seizure, imetric tohs of cocaine 152
Net product {cotsumption), mewic toas of cocaine 2%
Financial Account
Costof input, $midlioms | - 7,531
Processing cost per unils, $ milions per mewic ton of gxmpmduc: 5183
Processing cos, $ millions 23,064
Financial sancdon, § millions 1062
Towl cost of net produc. § millions 37,588
Price of net product, § millions per metric wa of cocaine 1392

SOURCES: ONDCP (1992b], Godshaw, Koppel, and Pancosss (1987), and |
Kennedy, Reuter, anti Rifey (1994r. All doliar smounts expressed in 1992
doilars,

NOTE: Cocaing seigure from Table 8.5, Financial sangtion from Table 810,
Price 0f net product from Table A8 below. Processing cost estimated as »
sesicual: rivtal cost of net product bess cost of input and Anancial sanction.
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Table A8
Dertvation of the Hetall Price af Cocalne

Poigeper Pure  Conswrmer Prive  Roal Price 119925

Year = PriceperGram _  Percen: Putity Gram Index (1983100}  per PureGram
1517 136.6 825 26,7 505 7558
1978 138.0 425 3247 652 598.3
1979 1533 45.5 3570 725 §30.8
ISRO - 184.7 493 3138 a4 533%
1681 1.8 498 258 9.9 455.8
9382 15732 445 . s 6.5 . §57.7
1483 1527 514 2869 1660 £00.8
1982 1% 585 283.5 103.9 321
3985 125.4 5.8 9B 1578 3355
1886 $189.0 ) 58.8 : 188.9 108,86 254.%
1587 1186 5.3 1588 ik3.6 395,1
1988 104.2 78.3 1431 118.3 157.8
1989 wa T84 124.8 1248 1413
199D i255 748 1678 130.7 180.0
1991 1122 . TR 1387 136.2 1428
1942 4.0 B85 (28X 140.2 1282

SOURCE: Price and purity dats from che DEA’s Symem to Retrieve Infarmarion fram Drug Bvidence
{STRIDE). See Caulkins {1593) for the methodology wsxi to conssruct the series for price pet gram and
price per pure grem.  Adjustnent to 1992 daoliars based on the CPI from the Janoary 1993 Bcongmie
#epon 6 the President.

There are at least three plausible ex;;ianatfens for the decrease in the retail price of
cocaine: ’ '

»  Cocaine suppliers have learned how to run their business more efficiently over
time, improving their techniques of avoiding law enforcement by trial-and-ermor
experimentation,

» There are economies of scale in the cocaine supply business, and production
costs have declined as the market has expandad,

» The cocaine market has expanded faster than supply-control penalties have in-
creased, 50 the penalties have been spread over a larger volume of business, re.
suhting in 2 decrease in the additional charge per unit of proeduct necessary (o
compensate for the penaltes.

All three explanatons presumably contribute 1o the total decrease, but whether this
is a complere list and what proportion each explanation contributes is not known.
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Appendix B
SUPPLY-CONTROL PROGRAMS

v

The direct result of supply-control programs is to increase the price of cocaine, The
indirect result {and ultimate purpose} is 1o reduce cocaine consumption (through
current users reducing their consumption in response 10 the price increase and the
number of future users decreasing as inflows of new users decrease and outflows of
existing users increase in response 1o the price increasel.

Supply control causes the price of cocaine ro increase in three different ways, When
production expands to replace seizure losses, the sales price goes up to cover the te-
placement cost of the seizures, Addidonal price increases occur (0 cover the costs of
“finzncial sanctions™ imposed on producers {seized assets ang arrests and impris-
onment of drug dealers of their agents). Finally, cocaine producers do not passively
accept producs seizures and financial sanctions. They actively iake precautions ro
avoid the supply-control penalties 16 the extent possible. Those precautions increase
the processing costs at each production stage.

PRODUCER COSTS IMPOSED BY SUPPLY-CONTROL PROGRAMS

Supply-control programs seize product, impose financial sanctions, and affect the
processing cost. The first two effects are direct program influences; the third is indi-
rect in that processing coss increase as producers adop? production strategies that
reduce their exposure to the direct supply controls.

Processing Cost

Processing cost is assumed to increase as the level of supply-control activity (indexed
by product sefzures) increases. The following specification includes the extremes
where supply control has noe effect on processing cost (7 = 0) and where processing
cost is proportonal 1o the level of supply control (h= 11

M
K= r[ﬁ] (B.1)
x|,

K = processing ¢ost pet unit of gross outpur
K* = processing costin reference situation

81
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"X = product seizures
X~ < product seizures in reference situation

h o= eiastiéity of processing cost with respect 10 product seizures (percent
increase in processing Cost per 1 percent inCrease in product seizures)

Financial Sanctions

Forfeited assets increase producer costs, as does the increased compensation that
must be paid to drug dealers to compensate them for arrests and imprisonment,
Each of these components of financial sanctions is modeled as being proportional to
the level of product seizures through 4 sequence of multipliers. For exarple, the cost
of prison equals product seizures times arrests per metric ton seized times cell-vears
of immprisonment per arrest times the cost to producers per cell-year of dealer impris-
onment: o

S = AsserSancs + ArrestSanct+ PrisonSanct (82

5= financial sanctions
AssetSanct = costto producers of assets setzed along with product

ArrestSanct = cost to producers of drug dealer arrests along with product
: seizures (increased wages paid to dealers to compensate them
for the expected number of arrests they will incur)

PrisonSanct = custto producers of drug dealer imprisoniment (increased
wages paid 1o dealers to compensate them for the expected
number of years Sey will spend in jail or prison)

AsserSance = XtAssetSanctRate) (8.2}

AssetSanctRate = $ millions of assets seized per metric ron of product seized

ArrestSanct = X(ArrestRate{ArresiSanctRate) {B.4)

ArrestRare = arvests of drug dealers per metric ton of cocaine seized
ArrestSanctRate = cost 1o drug producers of drug dealer arrests: $ millions pe
' arrest ' :
PrisunSanct = X{ArrestRate}{PrisonRate{PrisonSanciRate) {B.5}

PrisonRare = cell-years of imprisonmens of drug dealers per arrest

PrisonSanctRate = costto producers of drag déaler imprisonment ($ millions per
cell-year) '
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PUBLIC COST OF SUPPLY-CONTROL PROGRAMS

Turning from the discussion of how suppiy controls achieve their aim of increasing
the vost of doing business for drug producars, we now consider the gther side of the
coin, i.e., how much the public must pay to establish the supply controls.

Total Cost

Total public cost is the cost of seizing product (including the cost of seizing assets
and the immediate cost of making drug dealer arrests which occur along with the
product sefzures), minus the deposits in the Assets Forfeiture Fund generated by the
asset seizures, plus the court costs of processing arrests of drug dealers and the jail
and prison costs of incarcerating convicted drug dealers:

Bm[z:- VeAs }’]x (B.8)

8 = total expeziziizure for supply control at a given production stage
cocaine seizures

=
5

2 = seizure costs per metric ton of cocaine seized (includes costs of seizing
assets and of arresting drug dealers; excludes costs of processing arrests
through cout system and costs of jail and prison time)

V = valueto public of seized assets {i.e., salvage value or realized value) per
metric on of cocaine seized

A = costof processing arrests per metric ton of cocaine seized

¥ = imprisonment ¢cost of drug dealers per metric ton of cocaine seized fthe
cost of the cell years resulting from the arrests that lead to convictions
and sentencings)

All these costs are specified per unit of product seized in the reference case, then a
diminishing productvity effect (where marginal productivity is less than average
productivity?) is assumed 1o operate across all types of costs:

X]ﬂi’m}

3=[zr»yr+ax-+yx*][m (B.7)

X* = cocaine seizures in reference sipuation .

Iy see why mr can be {nterpreted as the rario of the marginal greducﬁvity of the supply-corntro! budget in
generatitiy product selvures to the average productivity af the suppiv-contsed budget in generasing
product selzures, 161 i be die Arst factor in Eq. (8.9), tnote that idoes noz vary with the control budger, and
then diffeventiate with respect 1w the control budges, B o frud:

X .
X = uBR X ()« muA L X (B = m - K
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m = diminishing-productivity paramerer (ratio of marginal productivity of
supply-control expenditure to the average productivity, 0< m< 1)

Control Level as a Function of Control Budget

In this analysis, &}l control activities {at a given production stage) are assumed to be
driven by the amount of product seized at that stage. Therefore, knowing product
seizure as 8 function of contrel budget enables us 1o determine ail control activities
as a funcrion of the control budget. This relationship enables a single policy choice

. (the supply-contral budget) to determine all supply-control intervention at a given
production stage. Solving Eq. (B.7) for the 2mount seized as a function of the control
budget shows that product seizures are proportional to the control budget raised ro a
power that is the diminishing-productvity parameter: '

X = Bm ) {B.8}

Cost of Seizing Product

The cost of seizing product at & given production stage depends in part upon the
amount seized, and in part upon the proportion of gross production that is seized.
Seizure costs depend on the amount seized when intelligence has vcated the
cocaine so that amount seized depends oniy upon the law enforcement resources
devoted 1o the targeted locations. Seizure costs depend on the proportion seized
when seizures result from random searches. For example, if a certzin number of
dollars aliows one 10 (successfully) search a certain fraction of incoming vessels or
containers, then doubling the amount of cocaine coming into the United States
would also doubile the amount of cocaine seized. However, the tomal cost of seizures
would remain essentially unchanged because licit commerce in those vessels or
containers swamps itlicit commerce.

“We model this cost relationship as 2 weighted average of the two costing principles,
‘where 1 ~ pand p ate the weights. If p= 0, the first principle holds exclusively, and
total seizure cost, ZX, varies with the amount of cocaine seized, X. fp= |, the second
principle holds exclusively, and seizure cost varies with the proportion of gross pro-
duction of cocaine thar is seized, XYG. When 0 < p < 1, tota] seizure cost varies with
hoth the amount of cocaine and the proportion of gross cocaine production that is
seized:

ZX =[1- pjwx + p[nfa'][%] . {B.9)
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average seizure cost per unit of product seized in reference situation

p = fraction of total cost due to relative size of seizure {as opposed 10
ahsolute size)
G = gross produtt
G* = gioss product in reference situation

- Dividing both sides of Eq. (B.9) by the amounti seized, X, gives the average cost per
metric ton seized as a function of the weighting factors between the two cost princi-
ples, p, and the level of gross production, G

Z = W[[l - pj+ p[»%»] _ (B.10}

Other Cost Factors

The remaining cost factors in Eq. (B.8) are maodeled a3 staightforward praducts of
multipliers. Mot surprisingly, many of these multipliers are the same opes used in
the calculation of the cost to producers. In fact, in general, only the last multipiier in
a sequence changes:

V = [AssetSanctRaw)(Farfeitiare) (B.11}
ForfeitRate = proportion of asset seizures salvaged {forfeited to government,
as opposed 0 being deseroyed)
A = {ArrestiRaxe){ArrestCostRate) {B.12}
ArrestCostRate = public cost of processing drug dealer arrests {$ millions per
arvest}
Y = (ArresiRate}(PrisonRate}{PrisonCosiRare) . (BA%)
PrisonCostRate = public cost of imprisoning drug dealers ($ millions per cell-
year).
PARAMETER ESTIMATES

The paramerers in our model of supply-control programs are estimated below. Al
most every estimate should contain qualifiers such as "approximate,” "roughly esti-
mated as,” or “assuming that 18XX behavior holds tue today.” However, rather than
burden the exposition with repeated cautions, such qualifiers are taken as given.
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This analysis reports amounis of cocaine products in metric 1ons® {1,000 kilograms or
1 million grams} and usually states dollars in millions. This convention has the
foliowing useful feature: The cost of cocaine stated as millions of doilars per metric
ton in discussions of supply is numerically the same as the cost stated as dollars per
gram in discussions of retail price.

Seizures and Arrests

Tabie B.1 presents estimates of cocaine product seizures, drug-production asset
seizures, and arrests of drug dealers and their agents, accomplished through source-
country controls in South and Central America during 1982, This information has
been assembled in the Intermarional Narcotics Control Strategy Report (Bureau of In-,
rernational Narcotics Matters, 1893). The paraliel information on interdiction and
domestic enforcement is combined in Tables B.2 through B.&.

Tables B.2 and B.3 estimate arrests of drug dealers and their agents accomplished by
interdiction and by domestic enforcement. Table B.4 combines the information in
Tables B.1 and B.3 1o determine the number of arrests for cocaine dealing by pro-
~ duction stage. ’

Tabiles B.5S and B.§ present estimates of the amount of cocaine seized and the value of
cocaine-producing assets seized during 1992.

Table B.1
$ource-Country Selzures and Arrests; 1992

Seizures imetric tons)
. Airrrah Vehicies

Country Leaf Paste | Base . Cocaine Seized Seized Arresrs
Badivia 188 1] 8 H 48 &4 1,228
Colombia 38 & & a2 G . ¢ 10
Equatior & o o < 4 ¢ a2 1975
Paru & i ¥ i 7 5] .0
Venerusia ¢ g 6 3 4 g 374
{ostaRice & & & 2 & & 525
Guntemals L] i & 10 1 ¢ 8
Honduras L & & 2 H ¢ . 1482
Mezico 1+] 8 (1) 39 & & 28
Panama ] @ ¢ )] ¢ LH G587

“Towl 249 i 41 163 &5 86 35853

SOLRCE: Buresu of Imernational Naroonos Masters {1993

2To convert tuns (2,800 pouncs! knw memic tons, muldply by 0.9072; 1 convert pounds into metric tons,
divide by 1,000 and mulrply by 0.4536,

"
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Table B.2
Total Arrests for Drug Almase Vigladons: United Siales, 198561891
{in ihamndsj
Hem 1986 - 1§17 s 198% 1950 1981
: Arrests for Sale or Manusfactuze
Herpinicocaine 154.7 1322 195.4 250.3 v 213
Marijuana 5.1 T 656 £4.7 Be s 66.5 616
Other ara 44.1 554 96.7 43.0 485
Total 206.8 2418 ANbe 12 43 374
- , Arrests for Possession '
Heroln/cocaine - 2318 2453 403.2 725 362.8 3.3
Marijuana 2967 31al 3269 3idse 2604 82
(nher 84.0 B2 688 135.4 R ¥ X\ 1i5.d
Tout 6173 £95.8 838.7 920.5 Y452 8727

SOURCE: Federal Bursau of Inves:iga:zoa {1987 through 1881, fiest Two tables s Ser, IV, "Pemsons
Arrayeesi™).

Takle B3
Arrests for Sale or Manufacture of Drugs: Unlied Statex, 159)

Number
Drug fhotisands) ) Percent
Locaine . 1818 57
Hernin 35S il -
. Mariiuana 616 id
Oeher 8.5 i4
Toml 334 100

SOURCE: Table B2, DEA (1550).

RO'TE: Total arrests for heroln and coczine allocated in proportion
10 DEA arvests for heroln arid cocaine during 1950 (see DEA. 185C.
PR 73BN

TableB4
Arrestz of Cocnine Dealers and Agents: 1952

. . ArTesis
Production Siage . {thodsands}
Domestic enforcemene? 1874
Irrerdiction® 44
Source counay© ' ’ 458

SOURCE. ONDCP {1992b, estlenates for 1992, Bureau of Justice
Seatistics {1982}, Godshaw, Roppel, and Pancoast £1367), Bureau ul
Internatinnal Narcatics Matters {13835,

#The 191,800 1o5af U.5 arvesty for cocaine selling in 1991 {seeFable
£33, minus the §.400 stributed below 16 irerdicdon.

Brhe sum of 7,555 arvests by the INS {ONDCP, 1982b, p. 175}, with
57 percent avmiburt 10 cocaine (assuming thar arrests by this
agency are distributed across drugs i the same proporiions as i
arrests, see Tabde B.3), and 150 arveses by the US. Coast Guard
{ONDCP, 1983k, p. 161), with 78 pereant anributed 1o cocaine,

The toral of 35,800 arrests In South and Central Americs (see
Tabie B.1), with 50 perceny artribured 1o coine.
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Table B.5
Seinrres of Cocalne: 1882
Cocaine Seizemex
Froxdluction Stage ) (memic onsy
Domestic enforcement” . 152
Interdiction® 94
Saurce-country tonrol . $ 34

©OSOURCE ONDOP (1952h. esvimates for 1992}, Bureau of justice

(.

Statisdes (1992), Godshaw, Xoppel, and Paptoast (1987), Bureag of
Internationad Narcotics Mastters {1593),

The sum of 8 metwic tons removed from the domextic market by
DEA in 1991 {Bureau of Justlce Siatsdcs, 1992, p. 482, 1494
thousand pounds Times 0.4536 metic sons par 1,000 pounds), and
B4 monlc tons geized by stae, county, and municipal pofice
[Godshaw o1 ad,, 1987, p. 128, 387 memic tons times 1,17 wo 2djost
from 1986 o 1392, where 2.17 is the ratio of hersin arrests w
cocaine arrests fn 1991, the latest available year, to those in 1986,
see Table B5.2).

bThe swrm of 78 metric tons seized by the 1U.5. Castoms Service and
16 metric tons selzed by the U.S. Coast Guard (ONTICP, 1982, pp.
161, 178},

“Bureaw of international Narcotcs Marters (19933, includes
cocaine equivabent—in Snancial ham done o producers-—-of jeaf,
paste, and base seizares; see Tables B.) and AZ through A5,

Table 8.8
Selzures of Cocaine-Production Assets: 1992

Asset Seinmes
Producdon Stage {$ ridiffong)
Domestic enforcemient® s12
Intergiction® . 254
Saurce-couny coaal® 7

SOURCE: ONLHCP ¢1992b, estimares for {9492), Burean of Justice
Staszacs (1992), Godshaw. Xoppel, and Pancoast (1987), Bureau
of Interaatinnal Narootics Mattees (1993).

NOTE: These asser values are the losses 10 drug producers due (o
asset sefzures. Oy 2 part of these losses is realized as 8 gain 0
the public (see Table B.8). -

*The swm of 5434 million in assets seized by Organized Crime
Dirug Enforcement task forces, $307 million in axsets seized by the
Dirug Endarcement Administration {all DEA asset seizures prorared
by domeszic enforcements share of the DEA budget), and 5157
wiillion In sssers seized by the Federal Bureay of bnvestigation
(ONDCF, 1992b, pp. 84, %9, and 121) tires 57 percent attribates 1o
cocaing {the proportion o drug dealer arTesss that are for cozafm;
see Tabie B.3}.

bseirures of alrcrat and vessels ONDCP, 1992b, pp. 161, 176),
assumed o cozt producers 300,000, and of vehicles, assumed 1o
cust producers $15.000; 57 percent of 1.5, Custome Service
teizures and 75 percerd of 115 Customs seizures anributed o
cocaine,

Seixnres of aircraft and vessels {Buresu of Intematipnal harm(ics .
Matters, 1333), sssumed to oot producers $100,000. and of
vehicles, assumed te cost producers $15.000: 90 percent of
seizuzes anribured 1o cocaine,
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Public Cost of Supply Control

" To estimate the total public cost of cocaine supply control programs requires calcu-
lating the total of federal agency budgets, state and Jocal agency budgers, court bud-
gets, and jail and prison budgets. Table B.7 estimates the agency expenditures, then
Table B.8 adds the couns and corrections expenditures.

Talle B.9 expresses agency budgets, arrests, and asset seizures as amounts per met-
ric ton of cocaine seized, the form in which this information enters our model.

Table B.7
Agency Budgets for Cocalne Comrol

Dirueg Szl -
: . Budger ; Cocgine Budps!
Agery Gmillionsy  PeremCocaine S milliong
Bomastde Enforoement )

Organired Crime Drug Enforcerment? ¥4 97 94
High-intensity drug trafficking aress 46 57 4%
DEA: domestic? - 249 57 142
Fedent! Burean of Investigation 205 57 117
Srate and loval police 1,202 57 5,814

Total 6,220

Inrerdicrion .

1.8, Customs Service kL 57 447
hrmlgragion and Katuralizarion Service il 57 8¢
Frderal Aviation Admdniscration 23 75 i7
LS, Coast Guard 436 7% 327
Depareient of Defensed L% 75 851

Total 1,78

Source-Coungy Canmrgl

Bureau of Internationgl Narcotios Maners . 14% 5 1%
Baresu of Pelitico/Miary Alluirs P - 68
DEA: lnrernationsl® | ¥l 90 415
Agency for Intemnational Development 258 80 232

Tutal 845

SOURCE: Office of Management and Pudget (1993, actual 1992 budgets), Godshaw, Koppel, and
Pancoast (1987, p. 119). .

NOTE: The proportion of dormestic enforcernent fuudgers spent an ¢ocaing (57 percent) estimared by the
propoestian of ail 1.5, arrests {or the sale and manufactare of drugs that sre or cocaine (see Tabie B33,
Custams and [mmigration are 355umed 10 be Like domestic enforcement. Onher interdiction efforis are
assumed t& be more focused on cocaine (75 percent} and international efiores assumed to be dominased
by cocaine S pergens). ‘

2OCDE budge: Jess IEA and FBI conmibutions &io avold double counting,

dDomestic budges for the DEA Indludes “domestic enforcement” and “state and local task forees.”

$In 1988, state, county, and municipal governments spent $4,850 million on drug conool (Godshaw,
Kappei, and Puncoast, 1987, p. 119). Multiplying by 1.279 to adiust for price inflation from 1986 trough
1902, and then multplying by 1.831 10 adjust for the @owth in control agtdvity vields the estimazed
$10,202 milfion spem ondrag control b 1392, The 1635 factor is the growsh in ULS, arvests for the tale or
manufacrere of drugs from 1986 to 1391, the most recent year for which daa are available {see Tabie
B.2}.

2Dal) ratal budget for drag conrrol, minus the “demand reduction” component.
®The international budgert far the DEA is the 1o1al budget less the dornestic povtion,
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- ¥able B8
- Total Cocaine Supply-Contra] Expenditure; 1842
) {in § milifons}
_ . Foriphted
Production Stage Agency Costs Assers® Courts Corepctions Toral
Domestic snforrement 6,224 =232 fut 2 3222 2474
Ineerdicdon . . L3 w300 8 % LHE
Source-conntry conirol 845 -3 15 i+ 871
Total Coase ~HE5 255 38312 12,050

SOURCES: TablesB.4, BS, andBR.7

NOTE: For domestic enforcemert and interdiction: Court cost to public estirnated as $1,251 pér arrest.
Puring 1990 in the United Stazes, for ali levels of govemment, Court ooty ware $16,546% million and wotal
arrests were 14.195 mElisn, makifnig the CoSt per arrest $3.168, or $1,251 in 1992 dollues Burenn of Justive |
Seatistles, 1992, pp. 3, 432} Corrections cost to the public estimated 3t $23.658 per cefl-yoar. During 1980
in the United States. for ol levels of governments, conecting costs were 524,960 million and the avetage
daily Incarcerated popuiation was 408,075 ir: lall and 726,375 in state and federal prison, making the cosy
per cell-year of incarcaradion $21.858, or $23.232 in 1942 doBars (Bureau of Iustce Stathsties, 1992, pp. 3,
611, 640}, Cell-years per arvest estimated as 9.74 (Reuter, 198), p. 1421 In 1988, 147,000 seller axvests for
cocaine dealing resuited in an estimated 108,000 cell-years of incarcerstion. For suurve countriss Cour
costs per arrest and cotrections cost per cell-year assurned to be one-third those in the United States.
Cell-years per arrest assumed ta be (.05, which is the 1.5, estimate, 0.74, tmes 9.0%, divided by (.15, where
0.01 1s an estimate of the conviction rate in source conntries (Hanratty and Medice, 1990, p. 3190) and 0,15
is am estimate of the conviction tate in the United Stares (Rydell, 1966, p. 2400,

3Reveniue (shown as a pegative cost} from the realized value o the public of seized assets is equal to asset
seizures (see Table B.6) times the forfeiture rate, 0.3%, The forfeftue rate is the pordon of producer losses
that manslate into public gains. During 1992, $531 million was deposited in the Assets Forfelture Fund
(Office of Managerment and Budget, 1983, p. 60) from all dmyg-control effores. The rotal of the asset
seizures from all drugs given in the foomotes to Table B.6 (before promting to cocaine) is $1,349 million,
Thus, 39.4 percent of the assets seized became publlc revenue in 1992

. Table B.S
Annual Agency Budge:s.tmts, and Asset Selzures per Metrde Ton of Cocaine Seized

Agency Budger per Asger Serures per
- MetricTon Cotalire  Amvests per Metrie Ton Matric Ton Cocxine
Production Stage Seized ($ millions; Cocaing Selzed Seized (§ millions}
Domestc enforesment WA 1232.9 3.3684
Interdiction i Kovsivd 5.8 .o 17|

Source-coantry control oo Rna 3068 {.0558
SOURCE: Tables 8.4 thraugh B&. '

Financial Sanctions Imposed on Produocers by Supply Control

The wial Bnancial sanctions imposed on covaing producers by supply-control pro-
grams include the losses due 10 asser seizures and the compensation paid to dealers
and agents for the risks of arrest and lmprisonment. These sanctons amounted 1o
$7.6 billion in 1992, most of themn coming from arrest and imprisonment of cocaine
dealers and agents by domestic enforcement (see Table B.10).
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Table B.10
Financial Sanctiens hnposed on Producers of Cocuine: 1982
in § millions)
Firncial Cost to Producers Duz to.
Production Suge Asset Seizures Arrasty fa aned Prison Totd
Domestic enforcement 582 188 sa%2 7 0h2
irerdicrion 54 28 126 . 405
Seurce-county condrel 7 _ - S 23 . 107
Total 73 ' 1304 5501 7579

SOURCES: TablesB.4, B6andBY.

NOTE: For domestic enforcement and interdiction: Arrest costs to producers esiimaed as 56,395 per ag-
rest {Reurer ang Klebman, 1986, p. 333, adjusted 10 1952 doflars), Iail and prison cosis (o producers esd-
maatest as $38,588 per ceil-year {Kleimasn, 1382, p. 140, midpoint of range of estimaies, adjusted wp 1992
doltars), Cell-years per arres: estimased as 3,74 (Rewter, 1991, p, 1423 In 1988, 147,000 seller arrests for
vacaine dealing resulted in an estimsted 103,000 celi-venrs of incarveration. For source gountries, coun
costs per arvest and cotrectons cast per cell-year assamed 10 be one-third that in the Unitedd States. Cell.
years per arrestassumed 1o Be 5.95, which s the U5, estimate, 0.74, times 0.01, divided by 0.15, where 3.03
it an estimaie of the conviction rate in soarce countriss {Hanratty and Mediz, 39906, p. 310) and 0.15 &5 an
esTmate of the conviction rate in the United States (Rydell, 1986, p. 240

Hmiineaﬂty Parameters

Three parameters govern the degree of nonlinearity in the producer and public costs
of supply control as the level of supply control and the size of the cocaine epidemic
change:

i = edasticity of processing cost with respect 10 produoct seizures (percent increase in
processing cost per 1 percent increase in product seizures; see Eq. {(B.1)}

m = diminishing productivity parameter (ratio of marginal productivity of supply-
control expendinire to the average productivity; se¢ Egs. (B.7) and {B.8})}

p= piopordon of cost due to relative size of seizure (as opposed to absolute size; see
Egs. (8.9} and (8103

For this analysis we adopt the following estimates: A= 044, m=0.8, p= 0.5. The e
tinates of mand pare rough appreciations of discussions and general reading about
the cocaine supply process. The estimate of & comes from the SOAR "Simulation of
Adaptive Response” model (Crawford and Reuter, 1988), which was used to explore
the increase in processing cost as producers seek o avoid increasing supply-control
penalties—exactly what b measures. The SOAR madel indicated that cocaine-
sinuggler costs increased an average of 0.44 percent per 1 percent increase in cocaine
seizures (Crawford and Reuter, 1988, Table 3, p. 573

SAn esample of a eafeniation fom the referenced Table 3 15 2 3.5 peveent lncreased smueggier cost for an
88 percent incresse in cocaine interdicted (35.1/32.%:1 080), making & = 3.6/8.0 = 0.45, Averaging over al)
ruzs repotted in the abie resulos in e 004,
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AppendixC
COCAINE DEMAND

‘This analysis uses a model of cocaine demand that divides users into two groups:
heavy users who use cocaine at least weekly and light users who use cocaine at least
once a year, but Jess than weekly, The two groups are only an approximate represen-
tation of a continuous distributien of intensity of use, but the two-group distincrion
- is sufficient 1o capture the ¢ssential dynamic of cocaine demand: New users start as
light users, and many quit without ever progressing 10 heavy use. The smail propor-
tion of light users who do become heavy users accumulates over time to abonr one-
fifth of all users; because of their higher consumption rate, however, they accouns: for
about two-thirds of ail consumption. )

THEORY OF COCAINE DEMAND
Dynamic Madel of Demand

‘The model that makes these demand dynamics explicit is Markovian, with flow rates
out of the various states, except that the inflow of new users o light use (incidence) is
scripted:

Liy)= Ly~ 1)+ I{y)= al(y = 1}~ bL{y~ 1+ fH(y~1] (C.hn

Hiy} = Hiy -1+ bliy - D= fH{y~1~ gH{y-1 €D

= number of light users of cocaine
number of heavy users of cocaine
= calendaryear

= annual incidence of new users {changes each year according to the
incidence script)

anriual rare at which light users quit {fraction of light users at the start of
a year that quit during the year}

b = annual rate at which bght users progress wo heavy use {(fracdon of light
users a1 the stars of a year who become heavy users during the year)

NV I
a

£
i}

f # annual rate at which heavy users regress to light use {(fraction of heavy
users at the start of 2 year who become light users during the year}

73
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%

- g = annual rate at which heavey users quit {fraction of heavy users at the sm
- of a year who quit during the yea:)

Total consumption is the sum of consumption by light users and consumption by
"heavy users: .

- Qw Gh+ CoH {3}
= total consumption of cocaine in the Urnited States during the vear
€ = annual consumption of cocaine per light user ,
Cr = annual copsumption of cocaing per heavy user N

How Congtrol Policy Affects Consumption Raw&

The light-user consumption rate decreases as drug dealers {some proportion of
which are also users) are incapacitated! in jail or prison, and it also decreases if sup-
ply controls cause the recail price of cocaine (0 increase.? The incapacitation effect of
putting drug dealess in prison is a demand-side effect of supply-side programs,

The elasticity of the current consumption rate with respect 10 price is one-half the
{total) price elasticity of demand. See the discussion at the end of this appendix,
where, based on evidence from cigarete siudies, it is estimated that one-half of the
long-run, wotal response of demand 1o price occurs through changes in current con-
sumption rates, while the other half occurs through changes over time in the number

of users:
‘ ) 22
= c!* - {i] (C.4)
1‘“ }'O P-
¢ = annual consumption of cocaine per light user in the reference year

{and, in particudar, at the reference yvear's price of cocaine)

§ = incapacisation rate of ight users due to imprisonment of drug dealers
(drayg dealers in jail of prison who were light users before they entered
jail or prison as a proportion of all light vsers}

§* = incapacitation rate of light users in the reference situation
P = remil price of cocaine

P* = retail price of cocaine in the reference year
[

= elasticity of demand with respect 1o price (percentage change in
dernand for cocainie per 1 percent increase in the retad price of cocaine)

rhis analysis assumes that drog users are unabie o obiain drugs while in jall or prison, but that
imprisonment has no effect beyond temporary suppresslon of drug ese. Thatis, the analysis sssutnes that
being in fall or prison does no: change the dynamic behavior of the drug-using populadan.

Zthe price elastivity, ¢ Is 2 negarive number (specifically, an esdrmated 4.5}, 3¢ an increase in price, B,
causes the furtting to dectease.
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The heavy-user consumption rate responds to the incapacitation rate and the retail
price just as the light-user consumption rate does; but in addition, the heavy-user
consutnption rate decreases with increases in the proportion of heavy users offered
drug treament (because most users stop drug use while in treatmenty:

X #iZ
Ch=C; d-n-dr ) P (C.5)
- -dr || P :
o+ = annual aansumptwn of cocaine pey heavy user in the reference year

A (and, in particular, at the reference year’s price of cocaine}

7 = incapacitation rare of heavy usérs due ro imprisonment of drug dealers
{drug dealers in jail or prison who were heavy users before they entered
jail or prison as a proportion of all heavy users)

nt incapacitation rate of heavy users in the reference situation

d = desistance rae (person-years that 3 user stops using cocaine while ina
treatment program, equal 1 the average treatment duration times the
proportion of time in eatmentr that peaple are off drugs)

t = propordon of heavy users treated during the year

* = proporyonof heavy users treated during the year in the reference
situation

H

How Control Policy Affects User Flows

The base-case incidence Hows are a seripted scenarie. Howewver, that script is modi-,
fied if supply-cantrol programs change the retail price of cocaine. The slasticity of
incidence with respect to price is one-fourth the long-run price elasticity ol demand.
The long-run glasticity is divided by two (o separate the effectinto an immediase ef-
fect on consumpion rates and a gradual effecy on the number of users via alterations
of user flows. Then it is divided by two again 1o allow half of the user effect to occur
through changed inflows and half to occur through changed outflows.?

P #id
Hyt=1" {y}[}—-:l {C.6)

1* = annualincidence in year yif price were equa) to the reference year's
price of cocaine (this is how the incidence scenario is specified)

The flow rates out of cocaine use and between fight and heavy cocaine use respond
to price changes similarly (o incidence, except that outflows and the flow from heavy
to light use are affected in the opposie direction. As price increases, more light users

3J5ing e/2 as the consumption elasticity and e/4 as the flow elasticity is enly an epproximation to the
exact elasticities nended 1o divide the totad long-run price elasticity of demand into half consumpdon and
half uger effects, but It wms oot to be 2 very good spproximation, so we use it Instead of harder-to-
motivate exact sstimates. Note that e is 2 negative numbsr, 50 that incidence decreases as retail price
riaes, :
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quit using cocaine, more heavy users quit using cocaine, and more heavy users
regress to light use.t Price affects the flow of light users progressing to heavy use in-
versely, in parallel to the effect on incidence, because the progression flow is really
just another type of incidence {addmzmai heavy users rather than additional fzght
users):

~eid
p £
a gt e (C.2
=
a* = annuslrateatwhich iigl;z users quitinthe reference year {in partcular,
at the reference year's price of cocaineg)
4
P e
b=y [ij . [C8)
P' T
b* = annual rate of ight-user progression to heavy use in the reference year

{in particular, at the reference year's price of cocaine}

In addition to being affected by price, the flow rates out of heavy use increase as the
proportion of heavy users treated, 1, increases. The particular functional form in Eqs.
{C.9) and {C.10) results from the assumption that the two outflows from heavy use
{quits and returns o light use) increase m the same proportion as trearment expands;

’ p -2/4
f=lieke-¢ }][;_—} €

antigal rate at which heavy users regress to light use in the reference
situation

2.
#

b = ratio of extra outfiow rate caused by treatment 1o the reference
sitvation outflow rate from heavy use

el
g= g1+ kit- €] [_p_*] (C.10)

g* = annual rate at which heavy users quirt in the reference situation

EMPIRICAL ESTIMATES OF COCAINE DEMAND

The following discussion establishes user counts and consumpton rates in the refer-
ence year {1892), flow rates for 2 Markovian model of the dynamics of demand, an

4fhe price etastichly, 4. 15 2 negative number, sowith a m;mzs vaipe it i3 3 positive number, and increges
&y prive cause the Aenction o increase.
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incidence scenario for 15 projection years, and an estimate of the price elasticity of
dernand.

User Counts and Consumption Rates

The estimates of cocaine demard in Table C.1 are notionally for 1992, even though
{as with the production estimates for 1992 they are calculated from the prior year's
information. Mareover, the prior year's information is by no means perfect. That
said, these estimates are internally consistent and provide a reference situation for
this analysis, o

These demand estimates are consmucted in Everingham and Rydell (1994) using the
foliowing procedure: Historical counts of users in households, users who are home-
less, and users i jail or prison zre assembled from separate data sources, Users in
jail or prison are assumed 1o be (temporarily) unabie to consume cocaine. The re-
maining users are estimated 1o constume cocaine at a rate that Is 8 times greater for
heavy users than for light users.® Finally, the estimated consumption rates per per-

Table C.1
Cocalne Cansumption by Type of User: 1992

Lotation Light iisars - Heavy iisers All Users
Cocalne Users at Seart of Year tmiliions
Households 542 . 1226 £.2568
Homeless - C. 708 0.708 6.418
Tait/ Prison .46 - . 825 0.504)
Tutal %496 1,683 7.184
. Cocaine Users ot End of Year (miflions)
Households £.093 1263 £.296
Homeless : Y 0262 0518
TallsPrison 0246 . 0.254 0.53¢
Tow - 8596 . 1719 7.3l5
Cocaine Consanigtim {mesriy (ONs per year)
Househuids 85.7 ' 1716 2683
Homeless 386 Fa R 327
JriliPrison &5 0.8 846
Towmi 40.3 0.7 2918
Consumption per Person at Starg of Year (gramns per person-yes}
Mouseholds 172 HOG $1.2
Homeless 1?22 1300 785
faifPrison 2.9 85 04
Teatal 4 1188 11,9

S$OURCE: Everingham and Rydel(19943.

%1n other words, nonincametated heavy cocaine users consume & times as much cocaine per year as non-
incarceested Hight cocnine users, Bucause of the differentinl incarserarion rates, the overall sverage
consumption rate of heavy usets is ordy 7 times thaf of light users. .
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son are scaled to make the estimated iozal consumption equal the 291 metric tons to-
tal retail saies inTable A8,

Dynamic Model of Demand

The flows and fow rates for the Markovian model of cocaine demand (in Table C.2}
~ show that the annual number of light users who quit is only 17 percent less than the
* inflow of new users {0,828 million versus 0.990 million during 1992},

In other words, most cocaine users stop at the experimental stage. Only a relatively
small number progress to heavy use (0.132 million in 1992). However, the total our-
flow rate from heavy use is only an estimated & percent per year (4 percens of heavy
users regress 1w light use and 2 percent quit each year}, 80 a heavy user once estab-
lished tends to last for a long period of ime.®

These Oow rates were computed from historical evidence, using a method that did
- not consider historical changes In cocaine-conmrol interventions. A useful future re-
" finement would be to augment this demand-estimation method with the models of
cocaine-control intervention constructed in this report.

INCIDENCE SCENARIO

This analysis uses an incidence scenario where the inflow of new cocaine users de-
clines linearly (0.0329 million fewer each succeeding year) over the 15 projection
years. As the heavy ling in Figure C.1 shows, ihis scenario has incidence declining
from an estimated 0.988 million new users during 1992 to half that level during 2007,

Table C.2 °
Dynamics of Cocaine Demand
frem ) * Estimate
Flow During 1992 {ullions!
Incidence of new users ' $.988
Hight-user quis LA
Progression of Hght users 1o heavy e 413
Regression of heavy usérs to light use L.068
Heavy-oter quits £.034
Annual Flow fates ‘
Light-user quit rate (@) , Q.150
Light-user progression rate i heavy use (B9 0.024
Heavy-user regression rate o Bght nse (% 0.040
‘Heawy-user quif rate (g% 0.029

SOURCE: Everingham and Rydell {1994),

a(:c:zn;:mma:lmg a pezsisteace probability of 0.95 shows that the "hall Hie® of 3 heavy cocaine nser 817
years—that is, afwr 17 years, I‘zazi of an entering cohor of heavy users will have joft heavy ase,
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Figure C.1—Incidence Scenarias

We emphasize that this scenario is not a predietion. Itis merely a plausible base case
from which 1o assess the effects of changes in cocaine- control policies.

If cocaine-control programs are assumed not 1o change from their 1992 levels, the
base-case incidence scenano results in a slight increase in ¢cocaine consumption
through 1348 followed by a decrease w 94 percent of the 1992 level by 2007
{indicated by the heavy line in Figure C.2}.

To judge the sensitivity of the base-case projections to the incidence scenario, we ex-
amined two other scenarios: a higher-incidence scenario, with incidence remaining
constant at 0.968 million per year, and a lower-incidence scenario, with incidence
declining to zero by 2007 {see Figure C.1}.

Under the higher-incidence scenario, consumption would increase over the entire
. 15-vear period, and under the lower-incidence scenario, consumption would rise
orily briefly before {alling to 73 percent of the 1992 level by 2007 {see Figure C.2) This
is the resal! of the inertia of heavy use. The annual toral cutflow rate of heavy users is
. small (only an estimated § percent), so it takes many yeass for a lower inflow rate to
significantly affect the nunber of heavy users.

PRICE ELASTICITY OF DEMAND

_This aiza}ysis assumes that the (toral, long-run) price elasticity of demand for cocaine
is =0.5, meaning that demand decreases by 0.5 percent when price increases by 1
percent. This assumprion seems reasonable, given the range of estimates for the
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price elasticity of cigarettes and alcohol presented in Fzgzzte C.3 (Manning ¢ al.,
1991, Appendix F.

Additionally, this analysis estimates that half of this long-run price elasticity of de-
mand is due to changed consumption per user,’ and half is due to changes in inflows
and outflows that cause the number of users o change over tme.® In other words, if
supply-control policy succeeds in raising the price of cocaine by 10 percent, only a
2.5 percent decrease in cocaine consumption occurs immediaiely. Then the con-
sumption decrease gradually accumulates over time o a total of 5 percent as the
number of users declines in response 10 decreased user inflows and increased user
outflows. The pace of this long-run adjustment is slow, however.3 A 10 percent price
incraase starting in 1993 would result in 2 3.6 percent decrease in consumption by
2000 (8 years to go three-fourths of the way.to the long-run decreass} and a 4.4 per-
cent decrease in consumption by 2007 {15 yeaz:s to go nine-tenths of the way to the
io:agwun decrease).

Twe assume that light and heavy rertent coceine psers have the sams responsiveness of consumption (o
price,

Bupcker, Grossman, and Murphy (1994, p. 240) found thas the price elasticlry of demand for clgarenes in
e short run is half that in the long run.

ke pace of adjustment is govemed by v i:tﬁow and outliow rates in our dynamic mods] of demand
{see Tuble .20,
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AppendixD
DEMAND-CONTROL PROGRAMS

in general, demand-control programs ioclude prevention of new users from starting
cocgine in the first place, efforss to persuade Hghit users to quit before they escalate to
heavy use, and freatment programs for heavy dmg users. However, this analysis
considers iz:zly the last category.

TYPES OF TREATMENT

Two principal kinds of treatment are currently available for heavy users of cocaine:
vutpatient treatrnent and residential treatment. Cutpatient Teatment is presumed
to be offered for gasier cases and residential reatment to be offered for harder cases,
In addition, caseloads are presumed to be skewed toward easier cases when few
heavy users are treated. In other words, we expect the proportion of residential
treatroents to increase as the proportion of all heavy users who are treated increases.

THEORY OF PROGRAM EFFECTS
Effect of Drug Dealer Imprisonument

To the extent that cocaine dealers are also cocaine users, imprisoning & cocaine
deaier reduces demand by an incapacitation effect:

N {Seilzures){ArrestRate)(PropLiDealer J(PrisonRate}
{t, 000, DOV LiBegl/sers)

D1}

incapacitation rate of light users due to imprisonment of drug
dealers (drug dealers in jail or prison who were light users before
they entered jail or prison as a proportion of all light usets}

e,
it

Seizures = seizures of cocaine by domestic enforcement {metric fons;
ArresiRate = arvests of drug dealers per metric ton of cocaine seized
PrapliDealer = proportion of arrested drug dealers who are light cocaine users
PrisonRare = cell-years of imprisonment of drug dealers per afest

LiBeglisers = light users at the beginning of the year (mitlions)

83
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_ (Seizures){ArvestRate)(PropHeDealer)(PrisonRate)
11. 000, O00)(HeBegUsers)

D2

n = incapacitation rate of heavyusersdue to imprisonmem of drug
dealers {drug dealers in jail or prison who were heavy users
before they entered jail or prison as a proportion of all heavy
users)

proportion of azmsted drug dealers who are heavy cocaine users
heavy eocaine users at the beginning of the vear (millions]

ProptieDealer
HeBe?gZisers

#

1

Effect of Treatment on Outfiow rates

The eutﬁaw of heavy cocaine users caused by treatment programs is a weighted
average of the outflows caused by ourpatient and residential treatment. [n the
demand-control model, the additional cutfiow due to treatment is stated relative to
the annual outflow that would occur without treatment.

pw 5 SOMAGAL - 2}+ (ResAdd)z _ D3

e+

k = ratio of additional outflow rate due to tteatment of heavy cocaine
users to the reference outfiow rate from heavy cocaine use

x = multiplier (for sensitivity analysis} of the estimated ratio of
additional outflow rate 1o the reference outflow rate from heavy use
of tocaine

2z = residential treatments as a proportion of all weatments
OutAdd = additional outflow rate from heavy cocaine use (1o either light use

or non-use} of heavy users who receive ourpatient treatment during
the year

ResAdd = additional outflow rate from heavy cocaine use (to either light use
or non-use) of heavy users who receive residentiai treatment during
the year

it

Effect of Treatment on Current Consumption

in addition to causing the sutflow from heavy cocaine use 1o increase, cocaine-
contrel prograns alse canse consumption 1o decrease while clients are in treamment:

4 = OutDesist)(OwtDuril - z)+ (ResDesistiResDur)z ; (D4

d = desistance rate (person-years that users stop using cocaine while
they are in treatnent programs, equal 1o the average treatment
duration tiies the proportion i}f time in treatment that people are
off drugs)

z = residential iTeaments as 4 pIOportwn of all treatments

QutDesist proportion of ime during cutpatient treatment that chents swp
usmg cotaing
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. OutDur = average duraton (in fractions of a year) of outpatient treatment

ResDesist = proportion of time during residential treatment that clients stop
nsing cocaine

ResDur = average duration (in fractions of a year) of residential wreatment

Budget for Treatment of Heavy Users

The total cosr of cocaine weatment programs is the sum of the costs for cutpatient
and residential treatinents. That cost increases as the proportion of all users weated
increases, and as the proportion of reatments that are residential increases:

={Ul1- 2]+ Re} bt ' (D.5)

B = budgetfor outpatient and residential reatiment of heavy cocaine
users

residential treatments as 3 proportion of all reatments

pmportion of heavy users reated (by either outpaﬁent or
residendal treatment)

total number of heavy cocaine users at the start z:zf the year
€OSt per outpatient weatment
cost per residential treatment

we B4
[ ]

m 63
#f #

t

Mix of Treatment Types

As the proportion of heavy users treated increases, the proporiion of hard-to-treat
clients-thase that require residential treatment—increases. The following specifi-
cation assumes that the proportion of all treatments that are residential increases
inearly with the proportion of all heavy users who are wreated during a year. Note
that since the cost of reatment is considerably higher for residential than for outpa-
tient treatment, this specification establishes diminishing retums to Teatment pro-
gram budgetsh:

z a: e {tp - 2 {D.5)

z = tesidential ireatments as a propottion of all ceatments

proportion of heavy usets treated (by either outpatient or
residential trextment}

¢ = low-propordon residential treatments {(proportdon of all
treatmerss that are reshdential when essentdally no rreatrments are
offered)

w = high-proportion residental reatrments {proportion of al!
treagnents that are residential when all heavy users are offered
one freatment a year)

#

For ndditional dmnptm of this specification, see Eq. {D.37 and the discussion «f that aquaﬁoa atthe
end of this appemizx.
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With this specificarion, both the number of residential treatments and the number of
outpatient treatments become functions of the parameters v and 1w as well as of the
proportion, 1, of all heavy users that are given one treatment or the other.

ResTreat = [vt + w~ vit|H ‘ Risk))

0 -

ResTrear residential reatments of heavy users during a vear

OutTreat = [(1~ vt - (w- W2|H (D.8)

Ourlreat = outpatient eatments of heavy users during a year

" There are, however, reasonableness constaints on how the parameters vand wan

be chosen. Frst, to make 2 an increasing funcdon of &, wmust be larger than v This
.also guaraneees that residendal (reatments increase as rotal treatments increase.
However, an upper imit on w must be obeyed to guarantee that ourpatient treat-
ments increase as wtal weatments increase. The mix swings in the direction of resi-
denial, but owrpatient wreatment must share in the growth, Differentiating Eq. (D.8)
with reépect to 1, evaluating the derivative at its maximum over the range 0 < < 1,
whiich occurs at £= 1, and requiring the derivative to be positive completes the con-
straints on w: :

¥ %—Y L3

Solving for Treatinent Rate as a Function of Treatment Budget

Substituting Eq. (D.6) into the budget equation, Eq. (D.5), shows that the budgetis a
quadratic function of weatment rate: .

B= {U[lmz:; fia ;z}z]¢ Rlv+ (w- zf}z]}:?i (D.20)
Purting that quadratic equation into standaxd form:

B
tw- m[Rm?]t2+{U+ o R- U]}I_?f ) (D.11)

The solution is

. xm{{;% 21[5'" {_{]}«{» {g}k u{}‘?w U]}z + 4w~ 1’}[3»* U][%jﬁ D12

- 260~ 8| R- U]
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Here, the diminishing-returns property of our reatment model becomes especially
clear. As the weatment budges, B, increases {for a given number of heavy users, )
the square-roof power on the term in large brackets makes the proportion of heavy
users eated increase 2t a decreasing rate,

Actually, Eq. {D.12) is not quite the final step in computing the proportion of heavy
users receiving weatment. because it is possible for the treatment budget to outstrip
the number of heavy users available to be treated. Formally, we have:.

: t= min (Trials, Maxt) o (D.13)

Trialt = proportion of heavyusers that can be wreated by the available
meatment budget, as estimated by Bq. (0,12}

maximum proportion of heavy cocaine users at the start of a year
that can be treared during the year

Maxt

i}

When the constraint 1 < Mazxris binding, all the available meatment budget will not
be spent. in that case, Eq. {(£.5) must be used w0 calculate the actual wis] cost of
weatments during the year in question.

EMPIRICAL ESTIMATES OF PROGRAM EFFECTS

The qualification in the earlier appendixes about the necessity 10 use estimates and
approximations applies here as well. The reference year for our policy analysis is
1832, 50 we wan! demand-.control program characteristics as of that year. However,
the longitudinal studies that provide evidence on program effectiveness necessaxily
started many years ago. Therefore, prior-year information must be exrapolated inro
a consistent, unbiased, and as-accurare-as-possibie but by-no-means-perfect repre-
sentation of 1992, '

The context of reatment effectiveness is the number of treatments of different kinds
done eachs year. Table D.1 derives estimates of the number of cocine treagments for
.both 1388 and 1992. During those three vears, the number of treatments grew by an
estitnated 54 percent. Toal cocaine treatments divide by type of weatment into 78
percent outpatient and 22 percent residential, and by type of institution into 51 per-
cent public and 33 percent private.

The annual cost per client in outpatient Geatment was $1,800 in 19080 {82,722 in 1992
dollars}, and the annual cost per client in residential treamment was 37,329 (12,467
in 1992 doliars) {(Hubbazd et al,, 1989, pp. 63, 68). However, the cost per client in
treatment (¢St per person-year or annual cost per space) is not the same as ¢ost per

_admission (cost per person tteated of cost per clientl. On average, rreaument dura-
tons are iess than 3 year, which means that each Geatment space can serve more
than soe person during 2 year and the cost per admissxon ts less than the cost per
client ins treatment (see Table D.2).
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~ Tablelhi
Number of Cocaine Treatmnenss: 1388 and 1992

Type of Institution
Type of Treamment Public . Privam All-
Thousands of Treapnents During 1889 ’
Quipatient 16¢ 188 269
Residental 7 3 7
Toml 211 136 347
Thowsands of Treaoments During 1992
Outpatient 252 182 $14
Retidential T3 47 129
Towmi i 328, pav] 534
SOURCE: Natonal testiture on Drug Abuse (1989), Butynski (1990), ORDCP

{1982b].

NOTES: During 1989, there were 606,000 public drug trearments (Burynski,
1990, pp. 41-42) and 996,000 1ol drug meatments Nadonal Instituze on Drag
Abuse, 1989, p, 231 the differents of 350,000 represents private drug trestmenzs,
Puhlic mweamenss far cocaine use numbered 211,000, 34.8 percent of o]
public drug trestments (Butynski, 18%0. pp. 41-42), Appiviag the same
percentage o oll privaie drug teatments producss an estmste of 136,000
private coddine treatinents. Of public, non-alcohol, non-heroin drug
trearmenits, 77.5 percent were sutpadent and 225 percen: were residential
{Butymski, 1946, pp. 32-23); applying this distribution to boath public and private
cocaine yreatments compietes the rop three rows of this sabie. From 1988 0
1392, rea! public expenditure on all drug meatment jncreased by 'H percent
(ONDCE, 1992b, p. 2143, Appiving this growth rate 1o both public and privase
cocaine meamenty produces the estimates in the last three rovws of this 1able.

3

To convert cost per client in treatment to cost per admission, we multiplied the cost

per client by average reatment duration. This vielded the following estmates: aver-

age cost per admission = $762 for ouipatient treatment and $5,107 for residential

treaument, in 1992 dollars. Across both outpatient and residential treatments, the’
average Cost per reaument admission was $1,740. ' -

The estimates in Table D.2 obey three relationships: Admissions times treatment du-
ration equals person-years in treatment, admissions times cost pey treatient equals
total cost of treatments, and tosal cost divided by person-years in treatment equals
cost per person-year, Together, those three relationships imply a fourth: -Cost per
person-year times treatiment duration equals cost per admission,

Cocaine treament programs are highly effective during treatment: An estimated 73
percent of heavy users in sutpatient programs stop using cocaine while in ryeaiment,
and 99 percent of heavy users in residential treatment stop using cocaine while in
treatment (Hubbard et al., 1888, p. 180).2 Post-treatment effectiveness is much
lower: 12.2 percent of heavy cocaine users who receive ourpatient treatment stop
heavy use because of the treatment they received, and 16.7 percent of heavy users

2For exarmple, the year before ouipadent (drug-free} treatiment, 12.8 percent of those treated were heavy
cocaine users; during meanmens, only 3.5 percen: ware Aeavy cocalne users, aking the desistance
propordon (3128~ 0.035)/0.12=073. .
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Tabie .2
Characteristics of Cocaine Treatment Programs: 1992

Treavveent Burstion

. More Than 3
Typeof Treatment 3 Monthsor Less Munths Alt
) (lient Admissions During Year (mitlions)®
Qutpatient ' 0264 0.150 G414
Residential 00656 | - 008s . o120
Al 9.230 . 203 053
Average Treamment Durstion iyesrsi®
Cutpatlent 9.685 §.824 4.280
Residential 4.058 8794 $.310
Al . £.088 4.65%9 4.30%
Person-Years in Treaument (millions) )
Curpatiert {022 0.093 0.116
Residentdal (.07 0043 0.049
- All . 6.028 0.136 G.165
Cuost per Admission (51°
Ourtparient 231 1699 ) - Th2
Hesidential 1234 4894 5107
All 431 3852 174G
Total Cost of Treanpent 13 millions
Curpatiem 1 254 315
Residentis g2 534 &13
Al 143 785 928
Cost per Persan-Year in Treatment ($)
Outpadent r 2y 2,782 2,722
Residendad 12,457 12,467 12.467
F1: | 45931 ° 5775 5.626

SOURCE: Butynski (1980), Hubbard et al, {1989},

2Estimates of roral cutpatent and el residendal cocaing trestments from Tabie
D) distributed by length of weatment, using the proportions repgrted in
Hubbard et al. (1989, p. 85),

YHubburd &1 al. (1989, p. 951
Hubbhard st ab. {1585, pp. 63, 58} cost estmares updated o 1992 using e T,

who receive residential treatment stop heavy use because of the treatment they re-
ceived (see Tables D3 and DAL

These estimates of post-treatment effects are conservative (potential underesti-
mates) in that clients receiving treatments that last less than 3 months are used as the
“contrel group” in the calculations of treatment effect in Tables D.3 and D4, In

.other words, treatments lasting less than 3 months are assumed to have no effect,
and the behavior of clients who receive those weatments is used o estimate what
would happen in the absence of reatment. To the extent that tyeatments lasting less
than 3 months have some effect, the calculation underestimates the effectiveness of
cocaing reatments.
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Tabie D3
Effectivemess of Treating Heavy Cocaine Users: Cuipatient Treatment

Treatnent Duration
Time Since Morethan3
Treatment 3 Months or Less Months AllY
{lienss Sl Heavy Liners per 1000 Treategd
} year 63% 833 634
2 yrars 42% 2x? 358
3 years . CTE 438 &2t
4 year T35 ) 438 627
3 yeary - 185 438 627
Clients Stiff Heavy Users if No Treatmen: Recaived®
¥ year 635 838 535
. dyears 429 . 928 4G
3 years £ ] 735 735
4 years 735 735 ()
Syrary T35 735 T¥
Razio
1 year . 1500 0.997 .99
2years ) 1.066 0528 To0e3
dyears 1653 0.558 0.854
4 years ’ 1006 0.596 . 0.854
$years LOOO . 0.59% 9.854
Average 1000 1.663 0.678
Additionst Oudiow Due 1o Treatment (%)
Rate X 137 122

SOURCE: Hubbard et sl {1909, p. 18083 The numbers in this rable for years 310
5 gre identica) because the sourse reports only the average result over those
years.

353.E perceny, 3 months or less; 35.2 percent, more than 3 months {Hubbard et
al, 1953, p. 55 .

BClients receiving 3 months or less teatment were used as the control group,

The following summary of the preceding discussion highlights the specific paramerer
estimates used by the demand-control model. In 1992, 534.000 of the 1,688,000
heavy cocaine users at the start of the vear, or 31.64 percent, received drug treatment
during the year {£* = 0.3164), 77.53 percent of those receiving meatment got outpa-
tient rreatment, and 22.48 percent got residential treaument (QurTrear = 0.414 mil-
lion, ResTreat=0.120 million, z*= 0.2247). ‘

The proporiion of the residential trearments (22.46 percent) is not constant in our
model, however, As Eq. (D.6) specified, the proportion of residental ireatments in-
creases as the propordon of all heavy users increases. That formula has two parame-
ters, vand . The parameter vis the proportion of residential reatments when very
few heavy users are wreated, and wis the proportion of residential weauments when
all heavy users are treated once a year,
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Table D.4 .
Eftectiveness of Treating Heavy Cocaine Users: Residential Treatmem

Treaorent Dwration
Time Singe Morethan3
Tresment 3 Months or Less Momihs Aud
CHerves Stll Heavy Users per 1900 Treaed
1 year §58 562 611
Zyests o . 260 318
Ayoears 741 g _ 554
i T4 348 568
Syears 41 21 565
Chiznes Stifl Heavy Users if No Treaurient Keceived®
i year 650 650 650
Z years 30 340 M0
Jyears T 74l 741
4 yeary 741 741 741
S years 731 741 741
Ratio
1year 1.000 0.865 .93
2 yeurs 1,000 0.853 9%
dyears 1.006 0.419 8,135
4 yeary 1.000 - BT 4736
Syears 1.906 6478 8,738
Average 1900 4825 8833
Agdditional Cutflow Due 1o Treatment (5%}
Rae 08 k£ 87

SOURCE: Houbbard eral. {1988, p. 188). The numbers in this mabls for veurs 310
¥ nre ideraicnl betause !he source reponts only the average result over those’
yoars. -

A58 3 pereent, 3 months or less; 44.7 percent, more than 3 months (Hubbard et
ul., 1988, p. 951 ‘

h{:zigms receiving 3 monthe or less treatment were used as the tontrtt groop.

. Solving Eq. (D86} yields the paramerer, v, as a function of w, as well as the values ol t
and zin the reference situation:
U= 2w : (D.14}
1-r

Making the assumption that approximately 50 percent of all treatments would have

t0 be residential if all heavy users were treated during a year {w= 0.5000), and using
the reference-year estimates that £* = 0.3164 and z"= {.2247, this formula shows that
only 10.07 percent of all treatments would be residential if almost no heavy users
were treated during a year (v = 0.0973). These estimates for w and # obsy the
inequalities in Bq. (3.9), because 0.0973 « $.5000 < 0.5487.

§
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The average duration of outpatient treatment is 0.280 years, and the average duration
of residential treatiment is 0.410 years. The average cost per outpatient eatment is
$762, and the average cost per residential treatment is $5,147. While in treatment, 73
percent of outpatient clients and 99 percent of residential elients stop using cocaine,
The addidonal sutllow from heavy cocaine use caused by treatment is 12.2 percent
for cutpatient treatment and 16.7 percent for residential tsatment.

The remaining parameter estimartes needed for the demand-control model describe
cocaine use by cocaing dealers. The analysis assumes that three-fourths of cocaine
dealers use cocaine, and that they are divided evenly between light and heavy users.
Consequently, the estimared propoction of arrested cocaine dealers is the same for
light and heavy users, 6.375.



o Appendix E
THE COCAINE-CONTROL MODEL

This appendix documents the computer program used in this analysis. The program
is written as an Excel spreadsheet. The spreadsheet uses range names for variables
and linear logic, 0 it is possible 1o produce & listing of the calculation steps, analo-
gous to that from traditional processing langnages, The listing of the steps in our
program constitutes the bulk of this appendix. ' i

MODEL OVERVIEW

The computer modet used 10 evaluate the cost-effectiveness of alternative cocaine-
control programs has two levels: & core market-equilibrium level and an outer
control-program level (see Figure E.I).

The model’s first level balances market supply and demand. Cocaine producers re-
act to seizures and sancdons by increasing gross production and by increasing
prices. Cocaing conswmers as a group react 1o treatment programs and price in-
creases by decreaging inflows to cocaine use and increasing outflows from cocaine
use, causing 4 decline in the number of drug users. Also, current cocaine users it any
given year react {0 treatment programs and price increases by consuming less

Supply- . Gross production
Controd ' ' and price increase In
program mspanse 1o shortages
, . Consumptiorn
Price |. Quantity decrease

Demand- - Users and usage
control " decrease in respoOnse
progeam to treatment and price

Treatment
of users

Figwre £ 1--Logical Structure of Cocaine. Cantrol Mode!

- 93
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cocaine. This part of the model {terates until supply and demand are in equilibrium
' in gach of 15 projection years,

“The model's second level assesses the consumption decrease caused by specific
changes in supply-control and/or demand-conirol programs, Seizures and financial
sanctions from supply-contrel programs affect cocaine producers, and drug-trest.
ment programs affect cocaine users. Consumption decreases, irs turn, have a feed.
back effect on subsequent years’ conwro! programs, For example, the costs of supply-
contrel programs depend in part on the size of the program relative to the size of the
cocaine market—so the previous year's conirol programs affect ﬂ}is year's program
cOStS. : : -

The general idea of the model is the familiar microeconomics diagram of a supply
curve intersecting a demand curve, albeit with an unfamiliar twist (see Figure E2).}

The unfamiliar aspect of Figure E.2 Is that the supply curve slopes downward. This
happens because as suppliers increase the volume of business, the cost of a given
amount of control sancdons is diluted, causing the price per unit product te fall.?

It is the industry’s supply curve, not the individual supplier's curve, that has a down-
ward slope in our model. The individual supplier’s cutve is presumed to be flar—that

Effact of
traating
usBrs

Price of
cocaing

Supply
+ Ve

Demang
Y curve

Guantity of cocaine

Figure E.2..How Cotalne-Conerel Programs Work

IThis figure 1 qualisatively cofrect, but no attempt has been made 1o make it quantitatively exact. The
socaine-control model i 100 cottipiex o be represented by a singe diagram.

2501 » brief discussion of this peint, see Appendix A (a1 Eq. [A59; for an extended discussion, see Caulkins
435 iR .
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is, we assume that expanding or contractng an individual supplier’s volume of busi-
ness does not in itself change the unit cost of supplying cocaine. However, if the total
volume.of business across all cocaine suppliers increases, then a given amount of
supply contro) gets spread over a Jarger amount of product, and this external econ-
omy lowers the industrywide supply curve. -

The importance of the disdncrion berween individual and indu stry supply curves is
compacily expiained by Samuelson {1973, p. 477):

it is not wue that doumuard-sioping Marginal Cost curves of competitive firms can
secve as their supply curves—Ior the very goed reason that their profis will beat a
. minimum along such curves and they will rush away in either direction &om such
cpoints. As aresult one or a few Bems will tend © expand and the remaining Brms will
tend 1o contract. Thus lasting decreasing costs that are internal 1o Srms impdies de-
struttion of perfect competition. So itis wrong to talk of decreasing supply curves in
such a case, or of competitive supply atall.
There is, however, the possibility that external economies could prevail in an indusory.
In such cases expansion of indusiry @ iquandty] could shiff downward the cost curves
of single firrns and in the complicated adding of the resulting supplies of all firns, the
inlystry supply curve conid end up as downwarg-sioping.

In our model, the price elasticity of supply (percentage change in the supply of co-
caine per 1 percent increase in price) depends on the chaice of the parameter p, i.e.,
the proportion of seizure cost due to the amount of cocaine seized relative w total
cocaine supplied as opposed to seizure cost due to the absolute amount of cocaine
seized. In otherwords, pis the proportion of supply control’s effect that is propor-
tional to total production, 25 opposed to being spread over total production, As pin-
creases, for a given enforcement budget, the amount of cocaine seized becomes
more proportional 1o production levels, and the supply curve gets flarter.3 Table .1
presents the price elasticities of supply that correspond to different values of the pa-
rametey o, as estimated by our model ®. ‘

This analysis assumes that p = 0.5, making the price elasticity of supply -3.5, which
gives the supply curve g slight downward slope. However, that cholce is not crucial
to the cost-effectiveness results of this analysis. The sensitivity analysis of the pro-
portion relative costing. p. in Appendix F shows that this parameter (and hence the
price elasticity of supply) has only a smali effect on the cost-effecdveness of supply
controt relative 1 reatment.

¥

The arrows in Figure E.2 indicate broadly how the cocaine-control model works.
Supply-contrel programs increass the cost of supplying cocaine, which pushes the
supply curve up, causing price to increase, which makes the quanity consurned de-
crease as the intersection of the supply and demand curve moves upward and to the

3Thacis, the percentage decrease in supply gets larger fot a given price increase, i.e., the price elasticity of
supply rkes an alarger negative value.

“Even with presual w L0 the supply mrv‘e i3 not perfecily Gat (Le. the supply slasticity it not infindety
large: This happens becanse seizume cosis are only 2 part of ali enforcement costs. Quher vosis Suck as
court antd incarceration poses of arrested drug dealers) are 2lways proporntional to the absolitte amoune of
enipreement, 50 total enforoament cost can never be entirely proportonal to produetion level,
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Teble E 1
Estimates of the Price Elasticity of Supply

Proportion of Seizure Cost

Dug &0 Eslative Size _ Prize Elasticity of the
of Seizure, p . Supply of Cocaine
o0 -24
6.1 . } ~27
0.2 -28
0.3 ~30
04 . ~21,3
L1 ~3.6
as . ’ ~4.0
0.7 ’ -45
R . -84
68 5.6
L& -84

SOLRCE: Runs of the cocaine-zomttol el

left. Demand-control programs decrease the quantity demanded, which pushes the
demand curve to the left, causing quantity 1o fall and price to rise {(because of the
downward-sloping supply curvel. Again, the intersection of the demand and supply
curves {which identifies the market equilibrium} moves upward and to the left. What
differs is the amount the price changes refative ta the amount consumption changes.

SUMMARY MEASURES
Present Value of Consumption Changes

The cocaine-control model traces the effects of control programs on cocaine con-
sumption for 15 projection years, 1993 to 2007, However, for cost-effectdveness
comparisons, the 15 years of changes in annual ¢ocaine consumption {resulting from
additional controf expenditure in year 1) need to be combined into a single measure.
That measure is the present value {using a 4 percent real discouns rate} of the 15
years of consumption change expressed as a percentage of baseline consumption in
year 1.5

%[Di;m z:{y}][»i%;r

- % consumption change = 100 et

{E.1}
)
Cty; = base-case consumption of w&:aizze inyear y

D(y) = consumption of cocaine in year y, gzven additional control
expenditureinyear

S5ee Chapter {One !ar a discussion of the reasyas benefics should be discounted, Just as costs are, n cost-
eflectiveness
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€1} = total base-case consumption of cocaine in year
r= real discount rate

I all the consumpition changs occurred in year 1, this summary measure of effective-
ness would be the percent change in year | consumption resuiting from the addi-
tional expenditure on contol in year 1. The actual consumption changes resulting
from a year ! increase in conirol are, of course, spread out over tme. Taking the

present value of the 15 years of changes aggregates them inw an equwalen{ year 1
change in consumption,

Alternative Evaluation Criteria

In addition to the consumption measure of program performance, the cocaine-
control model also counts cocaine users and estimates the cost of crime and lost pro-
dugtivity due to cocaine use, Like consumption, both of these measures are esti-
mated for 15 projection years and summarized by an annualized value.

The formula for estimating the social cost of cocaine {(using the assumptions that the
cost of crime caused by cocaine use s proportional 1o expenditure and the lost pro-
ductivity caused by cocaine use is proportional ©o consumption} is:

SoriewalCost = |CrimeCost P(RYCIR) + [ProdCos)C(B) (E.2)

SocietaiCost = cost of crime and lost producavity due to cocaine use (millions
of dollars per year)

doilar cost of critne due to cocaine use per doliar exyend:m&
on cocaine

ProdCost = millions of dollars of lost productivity due 1o cocaine use per
metric ton of cocaine consumed

= vector of annual cantrol-program budgets

LrimeCost

i

price of cocaine {dollars per gram)

= consumption of cotaine {(metric tons per year), a funcrion of
the vertor of annual control program budgets

G ow
|

Estimates of the two cost facrors are CrimeCosr = $0.19480 per doilar expenditure on
cocaine {$7,324 million annual erime cost, from Table 8.2, divided by $129.2 per
gram price of cocaine times 291 metric tons of cocaine consumed per vear, from
Tabie A8); and ProdCoest = $67.6283 million per metric ton consumprion ($19,686
million annual lost productivity, from Table 5.2, divided by 281 metric tons of co-
caine consumed per vear), ’

This equation can be rewritten as the product of two factors, ong that varies with
price and anotier that varies with wnsumpnan, :

SocieralCost = { (CrimeCoss P(B) + [Pwd{fcs:}}f;‘(fﬂ (E.3)
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Since treatment programs reduce consumption while hardly affecting price, it is not
surprising that the social-cost measure evaluates treatment programs essentally the
same a3 the consumption measure does. However, supply-control programs in-
crease price while decreasing consumption, which explaing why the social-cost mea-
sure rates supply-control programs lower {relative ro treatment programs) than the
consumption measure does.

MODEL DETAILS

The Exce] spreadsheet implementation of the cocaine-control model has three
modules, gach on a separate spreadsheer (see Figure E.3), The core module
[ANNUALXLS) is the market-equilibrium model used each year to balance supply
and demand. A policy module INOCUT XLS) contains 15 years of control-program
policy choices sent one year at a tirne 10 the annual market module, and 15 years of
results from that market module. Finally, 2 macro module {(MACRO.XLM) contains
the instructions that guide model operation.

Inputs defining the behavior of cocaine suppliers and cocaine users are listed in Fig-
ures E4 through EBS. The inputs in these tables are on the ANNUALXLS spread.
shieet, because they are the same for all projection years. The xey paramsters listed
in Figure E.4 are six of the seven parameters covered by the sensitivity analysis in
Appendix F (the seventh parameter analyzed there is the real discount rate).

INOUT.
MACRO.XIM TXLS
Macros Policy

antomating .
mode an??&:izs
operation

lteration
gver '

projection R 4L R R SIS TR
years L, s

BLANNUALXIS e
Anrmial supply iﬁ’{

Annusi demand g;
T VAL MRS S et

Figuze E3—Spreadsheet Implementation of Cocalne-Control Model
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Figure Mpms o Demand Model

The incidence projection and the budget-level policy parameters for a given projec.
tion year, shown in Figure E.7, come from the INOUT.XLS spreadsheet because they
vary by projection year, The ANNUALXLS spreadsheet gets used over again each
year, so a given year's inputs and outpuis are not preserved there. Inputs and out-
pitts for all years are recorded side by side on the INQUT XLS spreadsheet.

Figures E.8 and E.8 contain the calculations in the model needed o produce the out-
puts in Figure E.10 from the inputs in Figures E.4 duwough E7. In all cases, the
variable definitions are given on the left, and the variable names {and values) are
given on the right. For the calculagons, the formula generating the result is shown in
the center of the display.

‘i‘iw variable names for the Excel pmgrm are the letter symbols, or adaptations of
those symbols, used for the variables in the algebra in Appendixes A through I, or
they are the word names used for variables in those appendixes, or they are addi-
tional (self-explanatory) word names used in place of the letter symbols of Ap-
pendixes A through D). The potential confusion of two names for the same item (the
letter symbel in Appendixes A through D and word name in the model) is more than
offset by the advantages of having compact, easy-to-scan algebra equations in the
theoretical appendixes and directly readable computaton equadons in the computer
program.® Only the variables in Appendixes A through D and in the text of Appendix

Sexcel does not disﬁngnists berween iowercase and Bppercase pies a3 range TRAMes, 50 11 was not
pussible (sven i it had been desirable) ro name all the compuer variailes by their fetter symbols in the
theoretical sppendixes. .
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Figure £.8--Supply Model
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E are in the Glossary. All variables used in the computer program are defined in Fig-
ures E.4 through E.10 (some are also in the Glossary because the same names are
used in Appendzms A through D).
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Appendix F

SENSITIVITY TO UNCERTAIN PARAMETERS

This appendix examines the effects of uncerwinty about the correct vatues for seven
parameters on the conclusion that teatment is more cost-effective than supply con-
trol. The first two, and the most important, parameters were analyzed in Chapter
Four, This appendix extends that eariier analysis o five additional parameters, and
to interactions among all seven,

PARAMETERS ANALYZED

The price elasticity of demand is the percentage change in demand caused by a 1 per-
cent increase in the retail price of cocaine. This parameter is the fundamental link
between supply-control programs and consumption. Supply-control programs in-
crease the retail price of cocaine, and thar price increase causes consumption 1o de-
crease—the amount of the consumpnon decrease being determined by the price
elasticity of demand.} :

The additional outflow due to tregtment is the percentage of heavy users treated
during a year who stop heavy use of cocaine during the year because of the treat-
ment. They may regress to light use or they may stop cocaine use altogether, but
they are no longer heavy users.® This percentage is in addition to the percentage of
those in reatment who would have quit during the year without treatment.

The processing cost elasticity is the percentage increase in processing cost, at a given
stage in the producrion of cocaine, per 1 percent increase in the level of supply con-
trol at that stage (with program level measured by cocaine seizures]. Processing cost
goes up as producers seek ways to reduce the losses caused hy cocaine-conmol pro-
grm-3 [

ifar the precise role that the piice elasticity of demand plays in the covaine-conwrol model, se¢ the
paramerer 2in Bgs. (0.4} throngn {0301 in Appendix C,

Zhe zdded outllow dus 0 trestment is & weighted average of the notflows due to outpatient and
residenial treatment. The sensitivity analysis Is done with a parameter x that te a mysiplier fimes the
average cudlow rate (12,8 percent in the reference situadon). For the best estimate of the oudlow rate, x=
1.0 for the low estimate, x= 0.75; for the high estmace, x= 1.50. See . (D.3) in Appendix D

3gee the parameter h in Eq. (B.1) In Appendix B. In this report's analyses. the same value for this
paramersr is used in al! production stages.

igs
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The marginat productivity of supply consrol is the ratio of marginal productivity of
supply conuol to average productivity ol supply control. It is the parameter that
governs the degree of diminishing returns as the level of supply conirol increases {the
smaller the parameter, the move returns diminish as congol increases)

The proportion relative costing is the parameter that specifies how much of the cost
of cocaine seizures, at 2 givep production stage, is due to the relative size of the
amount seized {relative to gross production}, as epposed to how much of the cost of
cocaine seizures is due to the absolute amount of cocaine seized.®> The larger this
parameter, the less supply control's effects are diluted when the volume of cocaine
production expamis and therefore the less the industry supply curve slopes down-
ward,

The high-proportion residential freatments is the proportion of all oeatments that
must be residential if all heavy users at the swarr of a year are offered teatrnen: during
the year. The propottion of reatrnents that must be residential {as opposed 1o the
less-expensive outpatient trearments) increases as more and mote heavy users are
treated, because increasingly difficult cases are usuaily encountered, This parameter
governs the degree of diminishing returns as the level of treatment increases (the
greater the parameter the more returns diminish as wearment increases).§

The real discount rate is the rate used to discount future costs and benefits imlo cur-
rent dollars 10 enable cutcomes in different years 10 be compared correctly.? The
appropriate rate atr which to discount future costs and benefits is always controver-
stal in cost-benefit analyses. So, as is customary, we include the discount rate in this
sensitivity analysis.

. UNCERTAINTY RANGES

The ranges for the sensitivity analysis are presented in Table F.1. The middle value is
labeled “best,” indicating that it is the best estimate that could be obtained for this
analysis. The low and high values define ranges judged by the authors w include all
parameter values that have a regsonable chance of being the correct value, If a new
study of one of these parameters were conducted tomorrow and the result fell some-
where else within the indicated range, we would not be surprised,

The widest range is for the proportion relative costing, reflecting the high degree of
uncertainty about that parameter. Note that the ranges are not necessarily symnmet-
rical about the best estimate. For example, the elasticity of demand with respect o
price ranges fram 25 percent below the best estimate to 50 percent above the best
sstimate. .

Ed

45ee the parameter m In Eqs. (8.77 and (B.8) in Appendix B. In this report’s analyses, the same value for
this parsmerer is used in 28 production stages.

SSew the parameter p in Egs. (B.9) and (8,10) in Appendix B, 't this report’s analyses, the same value for ‘
this parameter is utad in all produvtion siages.

Ssee the parameer w2 in Bqs. (0.8} through M1 in Appendix I
7See the paramster rin Eqs. (E1) and (5.2} In Appendiz E.
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Table F.1
Ranges for Sensitivity Analysis
S Parameer Valae
Parameter Low Bagr High
Price elasticity of demand ~338 ~ .56 ~5.75
Addidanal outllow due 1o Teatment (%} 19 132 i85
Processing cost elasticiry B.22 0.44 D56
Marginali average productivity of supply contol a.70 0.80 0.50
Proportion relative Costing of seizures . 0.10 050 0.90
High-proportion residemtial reatments 0.44 0.50 0.58
Reai discount vate 0.07 0.04 a.08
SENSITIVITY RESULTS

Tables F.2 through F.8 present the sensitivity analyses of these parameters. The first
row of each table shows the low, best, and high values of the parameter; the middle
four rows give the anpual cost {in millions of 1992 dollars) of reducing cocaine con-
sumpton by 1 percent,? and the botiom row shows the ratio of the domestic en-

forcement cost L0 treatment cost.

TableF.2 \
Cost of Heducing Conswmptian by 1 Percent: Effect of Price Elasticity of Demand
{% millions per vear}
Price Blasticiry of Diemand
Controf Program -0.38 ~0.50 -0.75
Source-pouniry seiztres 1084 7R3 472
Interdiction 505 368 22
Domestic enforcement 330 246 154
Treamment of heavy users 35 34 3
Enforcement/reatment 35 73 58
Table K3
Cost of Reducing Corssnption by 1 Percent: Effect of Additional Outflow Due ro Treatinent
{$ millions per year
Addldonat Qutfivw Dus ¢ Treatmernt
(T}
Contral Program 9.9 13.2 155
Source-couNitry seizores 798 783 711
Intecdiction 72 365 350
Dormesti¢ exforoemaent 250 245 E2 ¥ 2
Treatnen: of heavy nsers 42 34 - 23
Endpreement/ resimend 5.7 7.3 58

LS

%45 in Chapters Two through Four, this is the cost in the first projection vear of achieving consumption
reductans over 15 profection years whose net pussent value is 1 percent of consumprion in the first

projection year.
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’ Table F.4
Costof Reducl.ng Consumption by 1 Percent: Effect of Processing Cost Elasucity
($ millions per year)
Processing Cost Elasticity
Control Program ) ' 022 0.44 0.66
Source-country seizures : 1009 783 632
Interdiction - 510 366 286
Domestc enforcement 294 246 213
Treamment of heavy users 33 34 M
Enforcement/treatment : 8.9 73 6.2
Table F.5 .
Cost of Reducing Consumption by 1 Percent: Effect of Marginal/Average Productivity
. (§ millions per year)
) Marginal/Average Productivity
Control Program 0.70 0.80 0.90
Source-country SEJ.ZI.U'ES ] 44 783 667
Interdiction o 425 . 366 o 3z
Domestic enforcement . 283 246 218
Treatment of heavy users : 33 34 34
Enforcement/ reatment 8.5 7.3 6.4
Table F.6
Cost of Reducing Con.sumptlon by 1 Percent: Effect of Proportion Relative Costing
of Seizures
($ millions per year)
: Proportion Relative Costing of Seizures
Control Program 0.10 0.50 . 090
Source-country seizures 799 783 761
Interdiction 368 366 364
Domestic enforcement 251 246 242
Treatrnent of heavy users 31 34 36
Enforcement/treatment 8.0 73 6.7
Table .7
Cost of Redticing Consumption by 1 Percent: Effect of High-Proportion Residential
~ Treatmenls
($ millions per year)
High-Proportion Residendal Treatments
Control Program ! YT R 0.50 0.58
Source-country seizures T 780 783 788
Interdiction : 385 366 . 368
Domestc enforcement 245 . 246 247
Treatment of heavy users 3 34 36

Enforcement/oreatment : 7.8 73 6.8
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Table F.8

Cost of Reducing Consumption by 1 Percent: Effect of Real Discount Rate
($ millions per year)
Ren idiscount Rate

{asrered Program : 8.4 0.04 f.08
Sowrce-cuWAY seivures 27 783 886
Imerdiction 38 k1 414
Damestie snforcement 230 248 T 278
Treaonetyt of heavy users T 30 34 44

Enforcementimeament : (A4 73 64

As we found in Chapter Four, which analyzed the first two of these parameters, the
main gualitative results of this analysis are not affected by uncertainty about these
parameter values. Asin Chapter Fowr, the ratio in the botiom row of the tables is al-
ways greater than 1.0. This means that even when these parameters are varied 1o the
#xtremes of their uncertainty ranges, there is never an instance where treatment is
1ot more cost-efective than domestic enforcement. Moreover, the ranking of costs
vertically down the columns is always the same. Source-country control costs more
than interdiction, which costs more than domestic enforcament, which costs more
than reatment. :

Figure F.1 is a “tormado diagram” ranking the key parameters by their effect on rela-
tive program cost.® The scale a1 the bortom of the figure gives the tost of domestic
enforcement as & multiple of the cost of eatment, when both programs are run ar
levels that achieve comparable reductons in cocaine consumption. In other words,
the scale graphs the ratios in the bortom rows of Tables F.2 tduough F8.

Price elasticity of demand
Additionai outfiow dus to réatment

Processing cost elasticity
Marginal/average produciivity

Proportion relative costing of selzures
High-proportion residentiai reatments

Real giscount rale

L [} i i i

23 8.3 7.3 8.3 8.3
Cost of enforcemert mlative fo treatment

k1

Figure ¥.1—~Tornade Diagram Ranking the Degree to Which Uncertainty in Key Parameters
Affects Refative Program Cost

95ee Eschenbach (1992} for a general discussion of the uses of throudn diagrams in Sersitivity analyses,
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The horizontal scale is centered on the cost ratio, 7.3, which resuits when this study's

best estimates are used for all parameters. The horizontal bars extend from the Jow-

est to the highest cost rato that occurs as a given parametey varies over the uncer-

tainty range specified in Table F.1. Note, however, that the low cost ratio is not pec-
" essarily the result of using the low parameter value.

Nat surprisingly. the pararneters to which our results are most sensitive are the price
elasticity of demand and the additional outflow rate due to weatment. The price
elasticity of demand directy influences the effectiveness of supply-control programs,
and the additional outflow rate is the most importany parameter governing the effec.
tiveness of reatrent programs.

At the other extreme, the small effect of the real discount rate is also easy 1© under-
stand. The discount rate would make a difference only if the time paitern of costs
and benefits differed greatly among programs. In fact, both supply-contrel and
treatment programs realize part of thelr benefits immediately {supply control’s price
increase causes current consumpon (o decrease, and geatment causes consurmnp-
tion 1o decrease while peopie are in geatment and part with delay (as flows affected
by the programs gradually change the number of cocaine users}. With time patterns
of program effects roughly similar, discounting does not have 2 big effect on relative
program performance.

+

INTERACTION AMONG PARAMETERS

Tables F.2 through F.8 vary each parameter independently. What if all of them vary
simultaneousiy? In particalar, what if all take on the extremne values in Table F.1 that
favor enforcement? Would enforcement still be mote costly than veacnent? The an.
swer s yves, as Table F.9.shows. When all these parameters are ser to the values in
Table F.1 that favor enforcement, the ratio of domestic enforcement cost to reat-
ment cost decreases from 7.3 to 2.3, a difference of -5.0; but 2.3 is sdlf greater than
1.0, 5o enforcement is stif] more expensive than‘ treatmnent,

 TableR9
Joint Effect of Parameters on Cost of Domestic Enforcemert Reladve (o Treatrgent

Dewisticn from 7.3 When Parameter

Faramerer Varied Favors Enforcement  Favors Treatment
Prige elazdcity of demafd =24 22
Additdonal cutiow due o ueatment (%) ~18 1.7
Provessing cost elassity ’ =Li 1%
Marginal/average prodictivity of supply eontrol w8 12
Proporion relative costing of seizures -0 07
High-proporvion residentiai treatmens -3 153
Real discount rate .. ~0.5 g3
Interacton effect when 2l paramerers are varied : 26 44

Totsl efect whien all paramesers are varled =58 128
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Maving in the opposite direction, if all these parameters take on the extreme values
in Table F.1 that favor treatment, the ratioc of domestic-enforcement cost to freat-
ment cost increases from 7.3 to 19.8, a change of 12.5.

The interaction ferra is positive in both cases. The decreases in the cost ratic par-
tially cancel, and the increases reenforce each other. The interaction terms can be
muost simply expressed by a multiplicative madel. 1f each deviation favering enforce-
ment is expressed relative 10 7.3, as in 1 -~ 2.4/7.3 = 0.57, and all the resulting factors
are muldplied together, the product is 0,31, Muliplying that product by 7.3 gives 2.3,
which is 5.0 less than 7.3, Similardy, if each deviation favoring treatment is expressed
relative ©0 7.3, asin 1 + 2.2/7.3 = £.30, and all the resuldng factors are multiplied to-
gether, the product is 2,79, Multiplying that product by 7.3 gives 204, which is 13.1
© greater than 7.3, The 13.1 deviation estimated from the multiplicative model is in
close agreement with the 12.5 estimate in Table F.9, which was obtained by running
the cocaine-control model.

This multiplicative model for combining the effects of several parameters, together
with the information in Table F.1, can be used to estimate the effects of varying fewer
than seven parmneters jointdy, or of varying them over different ranges than those in
Table F.1. Table F.1 shows the independent effects, and the multiplicative model
converts those independent effects into ratios and multiplies them together to obtain
the joint effect. Theoretically, feedback loops in the model could make interactions

- among subjects of these variables, or over parts of the ranges analyzed here, behave
differently than the multiplicative madel. However, extensive sensitivity analysis not
reported here showed that the multiplicative-model summary of sensitivity analysis
results is a very good approximation 1o the resuils ﬁbmmed from running the de-
tailed cocaine-control malel,

THRESHOLD ANALYSIS

The above sensitivity analyses establish ranges over which paramerers can vary, then
show how that variation affecrs results. *Threshold analysis” answers the opposite
question: 1t shows the circumstances under which domestic enforcement becomes
more cost-effective than reatment~-that is, when the ratio of domestic-enforcement
cost o treatment Cost becomes less than 1.0,

Figure F.2 presents a threshold analysis for the first- and second-ranked parameters
in Figure F.1: price elasticity sf demand and the additional outflow due to treatment.
For domestic enforcement 1o be more cost-effective than weatment, price elasticity
" must be sufficienty high and added ocutflow must be safficiently low thart together
they exceed the heavy diagonal-line thresheld in the upper left corner of the graph,

The wo iight diagonal lines in the upper left carner of the graph indicate how the
threshold changes if all the other five parameters are set to the values in Table F.1
that favor weatment (upper light line] or 1o the values that favor enforcement (lower
Light line}.
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Dortgesiic
enforcement  Other parameters ' Other parameters
. wins f favor trealmeont i tavor anforcemerd
2.0

15 .
. Price elasticity Treatment wing
{absolnte vaiue
of %changein 10
demand per 1%
increase in price)
0.5 -
0.0 i j TN - :
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Additional outtiow due 1o treatment
{% added outflow from heavy use of those treated)

Figure F. zw'rm-eshoid Values of Price Eis.sxi&ty and Addjﬁanai Surflow, Where Domuestic
Enforcement Becomes More Cost- Eﬁecﬁve Tharn Treatment

The solid dot in the diagram indicates the parameter values used in this analysis.
The arrows leading out froru the dot show the ranges in the serisitivity analysis. The
cross formed by the arrows shows the uncenainty range of the parameters. The
small size of the cross relative to the distance from the dot 1o any of the three
threshold lines shows the robustness of the conchision that treatiment is more cost-
effective than supply conwol.

*
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