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PREFACE 


This repon presents a model-based policy analysis of alternative methods of control
lIng cocaine use in the United States, It builds upon previous and parallel work at 
RA.1>.JI? and elsewhere on cocalne supply and cocaine demand. In particular: 

• 	 Reuter, Peter, and Mark Kleiman US8S). "Risks and Prices: An Economic Analy
sis of Drug Enforcement," in Crime and Justice: A Review of Resea.rch, Norva! 
Moms and Michael Tonry (eds.), Chicago: University of Chicago Press. . 	 . 

• 	 Crawford, Gordon B .. and Peter Reuter (1986), Simulation ofAdaptive Response: 
A Model o/Drug Inro,diction, N·2600·USDP, Santa Monica, CA: RAND. 

• 	 Homer, Jack: B, (1990), A System Dynamics Simulation Model o/Cocaine Preva~ 
lenee. Los Angeles. CA: UClA DrugAhuse Researclt Group . 

. 
., 	 Dombey~MoQre. Bonnie. and Susan Resetar (1994), A System Description a/the . 

Cocaine Trade. MR·236·AIAFIDPRC.Santa Monica. CA: RAND. 

• 	 Kennedy. Micltae], Peter Reuter. and Kevin Jack Riley (1994), A Simple Economic 
Model a/Cocaine Production. MR-20l~USDP. Santa Monica. CA: RAND. 

• 	 Everingham, Susan S,. and C. Peter Rydell (1994), Modeling the Demand for 
Cocaine, MR·332·0NDCPIAIDPRC, Santa Monica, CA: RAND. 

With that other work as a foundation, this study focuses on ways to intervene in the 
, s.upply and demand processes to mitigate the cocaine problem. 

This analysis examines only cocaine~control programs., That is a sufficientlyambi
tious undenaking. gjven the current state of the an of cost-effectiveness. analyses of 
drug-control policies. However, the analytical methods used here are relevant to 
analyses of control programs for other illlcit drugs, such as heroin and marijuana. 
Moreover. the programmatic conclusions of this study are likely to have analogues in 
mose other drug-control efforts, 

The work reponed here was sponsored by me Office of National Drug Control Policy. 
the U,s. Army. RAND's Drug Policy Research Center (DPRCl with funding from The 
Ford Foundation, and RAND's SOcial Policy Depanment The research was jointly 
carried out wilhin three RA..""lD entities: the DPRC. me National Defense Research 
institute (NDRI), and the Strategy and Doctrine Program of the Arroyo Center, NDRI 
is a federally funded research and deve!op~ent center that supports the Office of the 

til 

http:RA.1>.JI


Secretary of Defense, the Joint Staff. and the defense agencies. The Arroyo Center is 
the u.s. Anny's federally funded research and development center, 
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SUMMARY 
----~----------------------~~~ 

The current cocaine epidemic in the United States started in the late 19605, picked 
up momentum during the 19705, and is still going strong in the 19905. The number 
of cocaine users peaked in the early ~980s at about 9 million. and has graduaUy 
decreased to a little more than 7 million today. However.lhat 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, I 

Heavy users consurp.e cocaine at a rate approximately eight times that of light users, 
so the upward trend in consumption by heavy users roughly cancels the downward 
trend in consumption by light users, The result is that total consumption ofcocaine 
in the United States has remained at its mid-1980s peak for almost a decade (see 
Figure S.J ). 

'. ; . 
1977 1982 1967 1992 

Figure S.l-cocame Consumpoon. byTypcofUser. 1972-1992 

lnus anatym deftm:ls -heavy use~ 11.$ once a week or more and "light use" as at teast once a year, but len 
than weekly. At the end of 1992. there were an estimated 5.6 million light U!e1'5 and 1.7 million heavy 
U$1rs. by these definitions.. 



L 

'Ihe persistence ofhigh levels ofcocaine consumption indicates the magnitude of the 

cocaine problem and the need for government to think carefuJly about its response. 

Part of thinking carefully includes estimating the relative cost-effectiveness of vari

ous available interventions. Pow such interventions analyzed in this repon are:' 


• 	 Sot1tCe-country control: coca leaf eradication; seizures of coca base. cocaine 

paste, and the final cocaine product in the source counrries (primarily Peru, 

Bolivia. and ~ombia),· 


• 	 Interdiction: cocaine seizures and asset seizures by the U.S Customs Service. the 

U,S. Coast Guard, the U,S. Army. and the Immigration an!1 Naruralization Service 

(INS). 


• 	 Domestic enforcement: cocaine seizures, asset seizures, and arrests of drug 

dealers and'their agents by federal, stare, and local law enforcement agencies; 

imprisonment of convicted drug dealers and their agents. 


,.' 	 Treatment ofheavy users: outpatient and residential treatment programs. 

'Ibis srudy analyzes the relative and. to a lesser extent. absolute cost-effectiveness of 

these programs. The first three programs focus on "supply~contrOl:" They raise the 

cost to dealers ofsupplying cocaine by seizing drugs and assets, and by arresting and 

incarcerating dealers and their agents. The increa:sed production costs raise retail 

cocaine prices and thus reduce consumption, partly by discouraging current eon~ 


sumption and panJyby modifYing the flows ofpoopIe into and out ofcocaine use. so 

thar the number of cocaine users gradually declmes. 


• 
The fourth progmm is a "demand..control" program: It reduces consumption di~ 


reetly. withour going through the price mechanism. Treatment reduces consump

tiOn in the short tenn, because most clients stop their cocaine use while in the pro

grarri', and in the longer term. because some clients sray off heavy drug use even after 

treatmenr ends. ' 


User sanctions (arresting and incarcerating people for using drugs) and drug~abuse 


prevention programs {both school-based and community-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 to know (1) how much 

is being spent on them and (2) what benefits accrue from that spending. Detennin~ 

ing curren! sPending leveis, although time..consuming in practice, is concepruaUy 

straightforward . 


. Currently, 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 to 
domestic enforcement-drug busts, Jails. and prisons are expensive. Treatment ac
counts for only a 7 percent share of this expendirure, even when privately funded 
tr~aanent is included (see Figure 5.2:). 

Measuring the benefits of the fDu.r programs is more difficult. in pan because they 

produce disparate effects. Supply-control programs generate e<>caine seizures, asset 

seizures, and arrest and imprisonment of drug dealers. Trearment programs induce 




Sumnwy ... 

Treatment Sourc&-courrtry control 
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Domestic 

enforcement 


Figure s.2-Dl.$trlbuiJon ofAnnual Expmdituie on Cocaine Control: 1992 

people to stop using cocaine. These ouu:oree measures cannot be directly com
pan:ti; they must first be translated into a common measure of effectiveness. For 
much of this analysis, the common measure used is the cost of a given reduction in 
U.S. consumption ofcocaine. 

The analytical goal is to make the discounted sum of cocaine reductions over 15 
years equal to 1 percent oC current annual consumption. The mOst cost-effective 
program is the one that achieves this goal for the least additional control-program 
expendlture in the firSt projection year. The additional spending required to achieve 
the :.pecified consumption reduction is $7a3 million for soUlfe·country control, $366 
million for interdiction. $246 miJJion for domestic enforcement, Of $34 million for 
treatment (see Figure S.3). The least costly suppJy-control program (domestic en~ 
forcement) costs 7.3 dmes as mucil as treatment to achieve the same consumption 
reduction. 

The short 'story behind the supply~control 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 devore resources ro 
avoiding the seizures and arrests, These added COSts get passed along to the eOn~ 
sumer as price increases. which in tum decreases consumption. 

For example. a $246 million additional annual expenditure on domestic enforcement 
causes annual cocaine supply costs to increase by an ~stimated $750 million, or ,2 
per<;ent of the estimated $37.6 billion spent annually by consumers on cocaine. As· 
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Figun: S.3--Co«totDecreas!ng Cocalne Consumption by 1 Percent with AJ~emattve 


Cocalne-Co.trtli Pnlgrams 


suming that the percentage decrease in consumption caused by a price increase is 
half the percentage price increase. the additional CQntrol expenditure achieves the 
goal ofreducing consumption by 1 percent. 

The specific cost estimates for the supply-eonttol programs are, of course. driven by 
the assumption that a 1 percent increase in price causes a 05 percent decrease in CO~ 
caine consumption. (Some of this co~umptioo: decrease occurs immediateiy as this 
year's price increase reduces current consumption: the rest occurs gradually over 
time as the price increase alters Oows of people inlo and out of cocaine use,) If the 
consumption decrease caused by a price increase is large. the costs of achieving the 
specified conswnption reduction with supply-control programs will be proportionw 

ateiy small. . However. the finding thar treatment programs are more cost-effective 
than enforcement programs is not in question, because the effect of price on con~ 
sumption would have to be 7 times the assumed level to alter that conclusion. 

The estimate that an additional $34 million donars spent on cocaine treatment would 
reduce cocaine consumption by 1 percent is based on two factors: {l) mosr usets 
stay off drugs while in treatment, and (2) some users stay off drugs after treatment. 

The average cocaine treatment (a mi.xtUre ofrelativ"ely inexpensive outpatient and 
relatively expensive residential treaunents. including partial as wen as complete 
treatments) costs $1,740 per person treated, $0_ $34 million pays for 19,500 treat
ments. These additional treatments are assumed to be given to heavy cocaine users 
(ofwhom there are about 1.7 million today) with average use of about 120 grams of 
cocaine a year. The average treaunent lasts 0.3 years, and SO percent of people in 
treatment are off drugs, so the in~treatment effect of 19,500 treatment;s is about 5,000 



person-years less heavy cocaine use. which amounts to 0.6 metric tons less cocaine 
consumption. 

An estimated 13 percent of heavy users treated do nOI return to heavy use after 
treatment. AJthough not aU those deparrures are permanent, during the 14 years 
following treatment. the 19,.500 treatments would generate an estimated present 
value of 20.000 person-years less heavy cocaine use, which amounts to 2.4 metric 
tons· less cocaine consumption, If we add the 0.6 metric ton in-treatment reduction 
to the 2.4 memc ton after~treatment teduction. we find that 19.500 additional treat· 
ments would reduce cocaine consumption by an amount equal to 1 percent of the 
300 metric tons currently consumed annually. 

The specific cost advantage of treatment over enforcement ($34 million as opposed to 
$246 minion for domestic enfon:ement to achieve the same benefit) depends cru¥ 


. dally on the estimated after-treatment effect. However. the coSt advantage is so 

large that even if the after-treatment effect is ignored, treatment still is more cost~ 


effective than enforcement. The in-treatment effect is one·fifth oCthe total, and five 

times 534 million is still less than $246 million. 

Redu.cing the quantity of cocaine consumed is not the only possible measure of pro~ 
gram effectiveness. However, our findings about the relative cos(~effectiveness ofthe 
different control programs do not depend upon the choice of evaluation criteria. The 
oost;effectiveness tanking 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 crime and lost productivity due to cocaine use, That is. in 
all cases, the supply~control programs are more costly than treatment programs per 
unit accomplishmen( (see Figure 5.4). ' . 
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The extent to which supply.-control measures are more expensive. however, does 
vary depending on the evaluation'measure chosen. Domestic enforcement costs 4 

. times as much as treatment for a given amount of user reduction. 7 times as much 
for consumption reduction. and 15 times as much fouocietal cost reduction. 

These results suggest that ifan additional dollar is going to be spent on drug control, 
it should be spent on treatment. not on a supply~control program. They do not, 
however. indicate whether or not that dollar should be spent in the first place. 1t 
might be that aU four programs generare greater benefits than they cost. and treat
ment is just the best of four good programs. Or. at the other extreme. treatment 

..might be merely the least ineffective offour ineffet:tive programs. 

Wi:th the first two criteria, quantity of cocaine consumed and number ofusers. this is 
as specific as one can get without placing a figure on the dollar value of reducing U.s. 
cocalne consumption by 1 metric ton or the number ofusers by 1,000, The benefits 
under the third criterion. reductions in the societal cost ofcrime and lost productiv
ity, are, however, already measured in donars, Hence, using this criterion. we can 
make some estimates ohhe four programs' absolute cost-effectiveness. The reader is 
cautioned, however, that societal COsts are difficult to define. 1et alone measure; thus 
our estimates are very rough. Nevertheless, the results are intriguing, 

This study found that the savings of supply-control programs are smaller than the . 
control costs (an estimated 15 cents On the dollar for source-country control. 32 
cents on the donar for interdiction. and 52 cents on the dollar for domestic enforce
ment). In contrast, the savings of treatment programs are larger than the control 
costs; we estimate that the costs ofcrime and lost producdvity are reduced by $7.46 
for every dollar spent on treatment (see Figure $.5). 

Our findings thus suggest a way to make cocaine control policy more cost-effective: 
Cut back. on supply control and expand treatment of heavy users. In light orthis 
conclusion, four (prominent) altematiVes to current policy are explored 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 
currenttreannentbudgeL 

'" 	 Alternative C: decrease the supply~control budgets by 25 percent and treat 100 
percent o!heavy users each year. 

• 	 Alternative 0: treat 100 percent of heavy users each year 'Without changing the 
supply-control budget 

OUf best estimates of the consequences of pursuing these altematives to current 
policy,are summarized in Figure 5_6 and Table $.1. If supply~control budgets are cut 
by 25 percent (Altemative, A). the cocaine problem (as measured by consumption) 
gets worse, but the supply·controf CUts make the overall control budget decrease. 
However, spending about half of the supply-control savings on doubling trea tment 
(Alternative B} reduces cocaine consumption below whar would occur under current 
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TableS.! 

Comparison or Alternative Compo5lte Coo:dne~cont:rol Programs 

Evaluation Criterion 

InteMntion Saategy 

Current policy 
,AltematJw/\:.Suw!ycontrul-2S% 
Aiu!mative B: Double r:remnen[ 
Alternative C: loem treatmenl 

. Alternative D: Resrore supply cal 

TlllildContrnl 
Con Users 

is billiOOS/yt) (mi.lfions) 

13.0 7.06 
10.0 7.28 
10.9 . 7.06 
12,7 6.67 
15.6 6.42 

SodemlCost 
Coruwnpnon ptus Control 

(metric Societal Costsl Com 
mns/yt) (SblJUonsiyr} (Sbillions'ytJ 

314 29,0 42.0 
344 3{i.O 40.0 
294 25.11 36.1 
211 19.0 3t.i 
188 l8.l 33.9 

NOTE: Alternative A CUts all ~ supply-control program budgets by 25 perrent Alternative B spends 
ontHhln::l or the ~uppty·conttol savings on doubling d;e current treatment budget Alternative C spends 
nearly all me supply..:omrol $Il.\'Ings to treat 100 percent of the heavy users each year; andAltemative 0 
treats 100 perctnt of the heavy users each ~Bl with no CUt in the suppty-eonLTtlI budget Estimates l'U'<! 
annualli:ed values O"Vel" 15 pmjel:tion yean using a" pen:er!1 mal discount rare. 
'Emmated Cl?~ofcrime end lost productivity due tococaine UK. 

policy. Expanding treatment to all heavy users (Alternative 0 further reduces con~ 
sumption and uses up essentially all the savings from the suppty~control CUL Finally, 
ifaU heavy users are [feared and the supply~CQntrol budger Is not cut (Alternative D), 
consumption decreases even more, but the control budget is one~fifth higher than it 
is under current polley. 

Decteasing supply contrOl by 25 percent and doubling treatment (Alternative B) 
would leave the number of users essentiaUy unchanged bur would decrease average 
annual consumption by 20 metric rons (a 6 percent reduction). This composite 
program would save $2.1 billion in annual costs of cocaine control and $3.2 billion in 
annual societal costs. for a total annual savingofSS,3 billion. 

Further expanding treatment to cover aU heavy users (Alternative C) would d~crease 
the number of users by 0.39 million and decrease average annual consumption by 
103 metric tons, relative to current polley. The total annual COSt of cocaine control 
would be only SO,3 biUion less than under current policy. but societal costs would de. 
ctease by $10.0 billion. fortotat annual saVing of $1Q,3 billion. 

Finally, treating alJ heavy usets without changing the current budget for supply con~ 
trol would decrease uset counts, annual consumption. and societal costs even more. 
However, restoring the suppJy~conttol budget would increase control costs more 
than it would decrease soeieral costs, so the total annual saving relative to current 
policy. '318.1 billion, W()uld be less than that undet Al[emative C, 

Hence, this report concludes that treatmenr of heavy users is more cost-effective 
than supply-control programs. One might wonder how this squares with [he 
(dubious) conventional wisdom that. with treannent, "nothing works," There are 
cwo explanations. Firsr, evaluations of treatment typically measure the proportion of 
people who no longer use drugs ar some poinl after completing treaunem; they tend 
to underappteciare the benefits of k.eeping people off drugs while they are in treat~ 
menr-roughly one~fifth or the consumption reduction generared by treatment ac~ 
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crues during treatment. Second. about three-fifths of the usen: who start treatment 
stay in their program less than three months. Because such incomplete tteatments 
do not substantially reduce consumption, they make ll'eatment look weak. by tra
ditional criteria. However. they do not cost much. So they do not dilute the cost· 
effectiveness or completed tteattnents. 

Does this mean that treattnenc is a panacea? Unfortunately not because there is a 
limit on how much treatmem- can be done. In OUI analysis. we explore the conse
quences of treating every heavy user once each year {Alternatives C and D}. In ptin~ 
ciple, even more treatmenr is possibi~ because the average duration of a treatment is 
less than 12 months. However. considering the difficulties of getting people into 
tteaonenr, more treatment may not be feasible, Treating aU heavy users once each 
year would reduce U.S, consumption of cocaine by haJ(in 2007. and by less than half 
in earlier years {see Figure S.7). ' 
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GLOSSARY OF VARIABLES 


COSt of processing arrests per metric ton ofcocaine seized 

a Annual rate at which light users quit using cocaine 

ArrestCostRate Public cost of p!OteSsing drug dealer arrests 

ArrestRate Arrests ofdrug dealers pet metric ton of cocaine seized 

ArreslSanct Cost to producers of drug dealer arrests 

ArrestSanctRace Cost to drug producers ofdrug dealer arrests 

NserSanctRllle Assets seized per ~tric ton of product seized 

AssetSanct Cost to producers of assets seized along with product 

B Budget (pu~lic cost oia gn.-en type of cocaine conrrol) 

b Annual rare at which light users progress to heavy use 

C Total consumption ofcocaine (at a given production stage) 

0. Cocaine consumption rate ofheavy usel'S 

Cocaine consumption fate ofJight users 

CrimeCost DoUar COST of crime due to cocaine use per dollar expenditure 
oneocaine 

d Desisr..ance rate (person~yem of non~drug·use while in 
tteatment per heavy user treated) " 

e Elasticity ofdemand for cocaine with respect (0 retail price of 
cocaine 

f Annual rate at which heavy users regress to light use 

ForfeitRare Proportion ofasset seizures salvaged (forfeited to 
government. as opposed to being destroyed) 

G Gross product of a production stage 

g Annual rate at which heavy uSerS quit using cocaine 

H Heavy Users of cocaine 

h Elasticity ofproc~sing cost with respect to supply seizures 

HeBegUsers Heavy cocaine users at the beginning of the year 

1 Annual incidence of new users 

Xliii . 
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'Incapacitation rate ofllght users due to imprisonment of drug 
dealers 

Processing cost per metric ton of gross product at a giVen 
production stage 


Ratio of the extra outflow rate caused by treatment to the' 

reference·siruation outflow rate from heavy use 


Ught users of c~)f;aine 

Ught use .. at beginning of the year 

Ratio of marginal to average productivity of suppiy control 

Maximum proportion of heavy users at the Start of a year that 
can be treated during the year 


Net product of a production stage 


Incapacitation rate of heavy users due to imprisonment of 

drug deale", 


Additional outflow tate from heavy cocaine use {to either light 

use or non-use} of heavy users who receive outpatient 

treacment during the year 


Proportion of time during outpatient treatment that clients 

Stop usiJ.;lg cocaine . 
Average duration ofoutpatient treatment 


Outpatient tteatments of heavy users during the year 


Price of cocaine at a given production stage 


Proportion of seizure cost due to relative size of seizure (as 

opposed to absolute amount seized) 


Lost productivity due to cocaine use 


Proportion of arrested drug dealers who are heavy COCaine 

users 

Proportion of arrested drug dealers who are light cocaine 
users 

Public cost ofimpnsorung drug dealers 

Cell-years of imprisonment of drug dealers per arrest 

Cost to producers of drug dealer imprisonment 

Cost to producers per cell-year of drug dealer imprisonment 

Yield factor 

Cost per residential treamuint 

Annual real discount rate 
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Additional outflow rate from heavy cocaine use {to either Ught 
use or non-use} of heavy users who receive residential 
treatment during the year 

ResDesisr Proportion of time during residentiaJ treatment that clients 

Stop using cocaine 


ResDur Average duration of residential treatment 


ResTreat Residential treatment ofheaV}' users during the year 


S Financial sancti.ons on producers 

Seizurru Seizures of cocaine by domestic enforcement 

Socia/Cost Cost ofcrime and lost productivity du~ to cocaine use 

T Total cost ofcocaine production at a given production stage 

t Proportion of heavy users tre'!ted during the year 

Trialt Proportion of heavy users that can be treated under the 
available treatment budget 


u COSt per outpatient treatment 


V Value [0 producers of forfeited assets 


Low'proportion residentiaJ treatment (proportion ofau tteat· 
menU that are residential when essentially no treatment.$ are 
offernd) 

w 	 Seizure cosrper metric ton ofcocaine seized tn reference 
situation 

/.II 	 High~proportion residential treatment (proportion of aU trear· 
ments that are residential when aU heavy users are offered 
rreattnent during a year) 

X Product seizures 

x Multiplier of additional outflow from heavy use due to 
treatment (used in sensitivity analyses) 

Y Imprisonment cost of drug dealers per metric ton of cocaine 
seized (the cost of the cell-years resulting from the arrests that 
lead [0 convictions and sentencings) 

y Calendar year 

Z SeiZUre COSt per metric ton of ooca.ine seized 

z Proportion of aU tieatments of heavy users that are residential 



Chapter One 
------------------------~~~~~INTRODUCTION 

The cocaine epidemic of the past twent)' years is not a unique event in American 
history. One hundred years ago, between 1885 and 1915.. there was a cocaine epi· 
demic in the United States, in which use peaked at the tum of the cenrury (Musto, 
1989). [t started with cocaine being con&idered benign, if not therapeutic. Cocaine 
was as much a pan of everyday life at that time as aspirin is today, "Toothache 
drops" .containing cocaine were sold by druggists, and Coca-Cola originally con~ 
tained a minute amount ofcocaine. Howev:er. by 1915, anti·cocaine sentiment-just 
as today, generated in pan .by fear ofcrime committed by drug users-had replaced 
ear1i,~renthusiasm. The nation's first bout with cocaine was rapidly dissipating, 

THE SIZE OF THE PROBLEM 

The current cocaine epidemic, however. is by no means over, Cocaine use started 
gro",ing in the late 1960s and picked up momentum during the 1970s. The number 
ofcocaine users peaked in the early 19aOs,at 9 million and has since declined to a lit~ 
tie over 7 million (see Figure 1.1). However, this decline in the number of users does 

.not teU the"whole storyabout cocaine trends. 

Total cocaine ronsumption (shown in Figure l.Z) presents a different picrure,l Con
sumption has remained at its mid~19805 peak for almost a decade, As a measure of 
problem severity, the quantity consumed is at least as relevant as the number of 
users. Hence, it would be premature 10 declare victory in the current battle against 
cocaine. 

The downward trend in the total number of cocaine users since the eariy 1980s is 
dri'hm by a decline in light users that masks an increase in heavy users. Moreover, 
the rate ofcocaine consumption varies greatly across the twO types ofusers. 

IThe histories of user rounu and annual amounts of (';()lUumption are given by EveMghe.m and Rydell 
(1994). who $mOOthed and InterpOlated available hiStO:riI:al data to produce the curves in Figures 1.1 and. 
1.2. I'tevaience and c01Uumpdon inlOtrnation in that analysts. was ohtained from lhe National HousehQld 
Survt"Y on Drug AbU$(', augmented by -eWmatei from other SOUJ'Ct$ on cocaine use by p«IpJe 'Who are 
homciess or incarcerated. . 
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This ana1ysis defines heavy users as people who use cocaine at least weekly, and light 
users as those who use it at least Once a year but less than week1y.~ Currently, heavy 

2Some studies {e.g., Hubbard et at, 1989) refer [0 wet\:ly ooca1ne users as ~regul:ar usel'$~: the Nationlll 
Household SUJ'\Ie')'on Drug Abuse refers to wee\:ly users as using cocaine·~ times a month or mote 
These definitions areequlvaIent, " 



users constitute only abO'ut one-fifth O'f aU users (the proportion has varied over 
time), but they account fO'r roughly two~thirds. O'f total cocaine consumption in this., 
country. 1n other WO'rds, the average heavy user consumes approximately 8 times as 
much cocaine as th~ average light user. 

On the other hand. the amount of money that users have been spending to obtain 
their cocaine has declined {see Figure 1.3). So if expenditure is used as the measure 
of problem size, the cocaine problem has declined conSiderably since the early 
1980s.3 ' . 

Since consumption has not declined. falUng price must be what is driving expendi-' 
ture down. That turns out to be the case-with a vengeance. In the past 15 years, the 
real price of cocaine per pure gtam has fallen by mO're than a factor of 5 (see Figure 
1.4);4 The unadjusted p~ce per gram is roughly constant over time (the bO'ttom line 
in Figure 1.4). but adjusting for purity (the middle Hne in Figure 1.4) and then for 
price inOation (the tOP line in Figure 1.4) revea1s that the real price per pure gram has 
decreased dramatically. .' . 

'When competitive pressures cause the price O'f personal computers to plummet, we 
cheer the market on gratefuUy. But when this happens to' cocaine, ,the applause is 

Figure L3-ExpendJture on Cocaine, by Users 

30ur estimates of what usel1i in the United. Slares spend on ~e each year UtI about double those 
made b;f the Office of National .Drug Control Policy {ONDCPj using the ·COllsumptlOn approach" 
(O!'JDCr. 1991b. p. 501. bul they ara generally within the range of estimSlH made using the "supply 
approacb~ In that anaI~i$ (ONOCP, 1991b. p. 38), . 

4Sea AppenlfuA for details on how me observed price of cocaine was adjusted forwriarions in puritY over 
time ancl background price inflation to get this real price per pure gram. The primary .ouree 15 DENs 
STRIDE (System ttl Retrieve Informat~T'! from Drug Evidence) dru:a, Tne bump in 1990 is a one-year 
inaea.se in prices thought by some to be a wnsequence of a set or unusual el'Lt'oramE:m $IlCCes:ses In the 
United Slates and traI'luhipmem counl'ries in that year, 
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muted. During the past 15 yeatS, the price of cocaine decreased while consumption 
increased-in spite ofescalating public~policy attempts to reverse these trends. 

COCAINE·CONTROL PROGRAMS 

United States drug-control policy has a long and varied history, Gerstein and Har
wood (1990, p. 43} summarize th~ major enthusiasms as libertarian (at the end of the 
1800s), medical treaUllent (at the beginning of this century), and criminal justice 
sanctions {from mid-century (0 the present}. At any given time, of course, all three 
ideas inform public poliCY; only the proportions in the mix change. 

The total expenditure on cocaine control during 1992 was about $13.0 billion. S Fig
ure l.5 shows that domestic enforce~ent (cocaine seizures, asset seizures, and arrest 
an~ incarceration of drug dealers and their agents) accounted for the bulk of 
cocaine*contro) expendirures (an estimated $9.5 biUion). Interdiction (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 control (coca 
leaf eradication and seiZures of intermediate and final cocaine products) and user 
treatments (outpatient and 'residential treatments) have the smallest shares 
(estimated to be $0,9 billion each). 

Snte.e esdmated 1m expenditures are deriYOO from program derails in Appendixes A through O. In 
parrlc~. see Table B.S in Apptlndix B and Table D.2l.nAppendix O. The estimates Indude local. ltate, 
and ftde:rnl f\tnd$ tOt the waron4rugs (ptorated to cocaine}, and the costof private 111 W1ill as public druS 
treat:rru!nt$ (again. prorared to cocaine). One reMtln tnrt,be large siu! orthednmestic enforcement budget 
.1$ that h hiciude$ the jaB and prison COSts for inc:arterating conviCted drug dealers and their agent!: the jail 
and prben com~nstintte one·fourth Qithe domestic enktteeTr\ent total (see Table UinAppendix B). 
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Cocaine controf strategies can usefully be cias.c::ified into two categories, supply COn~ 
tTol and demand conrrol (see Figure I.S): As defined here. supply control includes 
sourc:e~coWltry control in South and Central America. interdiction at the U.S. border 
by the Coast Guard, the Anny. the Customs Service, and the Immigration and Natu~ 
ralization Service (lNS), and domestic enforcement of drug laws by a variety of fed~ 
era! agencies, the most prominent of which is the Drug EnforcementAdministration 
(DEA), 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 sanctions (arrest and incarceration of drug users) and prevention programs 
(both school-based and community-based), which are not analyzed tn this report. 

Note that there are other ways ofclassifying drug control programs. For example, the 
1988 Anti~Drug Abuse Act defines supply red-ucrion programs more broadly to in
clude 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 accompllshments of 
these programs than nOW exists for supply~control and treatment programs,6 Also, 

6!)ee MacCoun uasa) for a discussion of me romplel:iuet ofanalyzing ~ effects or user sanctions. BOMn 
(1'390) argues thai community-based prevention programs, have not been shown to alfea drug use, 
Reviews 01 put studies ifor example. Falco. 199ZJ and feport$ (In the neenlly completed Project AlERT 
(Ellickson and B:eU. 199{)a. 1990b; and Ellieison, Bell, and Ha.rrl$(lu. 1993) indicate !hat school-based 
prevention programs do decrease dnrg use. How~r, the emphasis in prevention research has so far 
(appropriGtely) been on establishing STatistically siptif'itant effectS on drug prevaience.lelt\1ng effectS on 
amounts ofdrugs consumed and program cosrsyet 10 be investigated. 
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Figure 1.G-Alternative Control Programs 

prevention programs operate on a different time scale than treatment or·supply~ 
conual programs, For example, most drug prevention programs are administered to 
preteens, while cocaine use does nOI normally start until the Jate teens and early 
twentles.7 

A primary activity ofsupply~control programs is seizing cocaine. This, however, does 
not directly decrease uw .~upplyof cocaine reaching the retail markeL Free entry into 
the cocaine business, at all levels. alloW'S suppJy to expand to cover the losses due to 
seizures.a To a firsl~order approximation, suppliers simply produce for the market 
what they would have produced anyway plus enough extra to cover antidpated gov~ 
ernmem seizures, 

This simple story overstates matters slightly, because supply controls in general. in
cluding product seizures, raise the price suppJiers charge the consumer, and that 
price increase cuts offsome 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 arrow in Figure 1.6 that goes directly from domestic en~ 
forcement to consumption). Many drug dealers are also drug users, and they cannot 

7See Kandel and Logan (l934), Yamaguchi and Kandel {l934aJ.and :Kandel. Murphy. and Karu1{l96S} for 
the typical ages of initiation for various ~ Prevention programs .ttempt to convince preteens to 
.bsm.in from mariJuana. dgarett¢5, and alcohol. Therefore, to argue that i'.lrui-abu$e prevention programs 
cut cocaine Incidence. one rnwt auwne that mariJuana, clgare!t1l:, and alcohol use are -gateways" to 
~ha:rd dtug1" such as cocaine and heroin. However, the ptewa)' lirlkage Is difficult to pm down 
tYamagudti and Kandel, 1934b: DuPont, 1989; £llickson, Hays. and BeU. 1m). 

8competiton: may vlohmdy object 10 new trltt.sus to !.he trade, and government will tty ro J"lt them U; 
prl$Qn (both ofmes!! flictcn: increase 1M COl! o! doing busineuj, but there are no pwhlbilive capital. 
requiremenl, rare-skill, or instirurional banien: to entering the cocaine supplybu$1ness. 
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sustain their nonnal consumption rate while in prison. Consequently. even through 
the primary effect of locking up drug dealers is to increase the costs of supplying 
cocaine {which indirectly affects the quantityoonsumed via price increases), there is 
also an incapacitation effect (which directly affects demand). Both are included in 
the present analysis. 

Treatment programs, on the other hand, affect demand directly. Treatment pro
grams decrease cocaine consumption in rwo ways: FirsT. most people reduce con~ 
sumption while in treatment and, second, some people do not rerum to their Qriginal 
levels of consumption after they leave treatment. This repon considers both fonns of 
treatment-induced reductions, for bOth outpatient and residential treatment pro
grams. 

THE MODEL 

To ex.-unine the effects ofthe three supply-control programs plus treatment. we con
sU'Ucted a model of the supply and demand for cocaine. and of how control pro~ 
grams affect supply an~ demand. The model is documented in the appendixes to 
thisrepon. . 

The measurable accomplislunents of supply-conlIol programs include quantities of 
cocaine seized. value of assets seized, and numbers of drug dealers and their agents 
arrested and the amounts of time they are incarcerated. The measurable accom
plishments of drug treaonent programs include the number of people who stop us~ 
ing drugs while in treamlent and the number wno stay off drugs after Jeaving treat
ment. These outcome measures cannot be directly compared, however. They must 
fit!jt be translated 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,9 More: specificaUy, it is the additional 
control cost in the first projection year which results in consumption decreases over 
15 projection years that have a net present value equal to 1 percent of total con· 
sumpljon in the first projection year. 

A" percent real discount rate is used to compute the present value of the 15 years of 
consumption reductions. Discounting costs is a familiar technique: Everyone un
derstands that money can be invested to earn interest)!) However, there is not al
ways a similar automatic recognition that benefits must be discounted as weU as 
costs when constructing a cost~effectiveness ratio, A simple example can make the 
necessity of discounting benefits dear., ~uppose there are twO plans: 

9Howle\."er. in Chapler Five we explOre the ronsequenCIl$ of using two &!emaO\R! I!'\.uuaooo criteria: (l) 
the numbn of ",caine users, and (2) the societal {:OltS of crime and lost productivity caused by {:ocaine 
,oe. 
IOjn face, that lshow the approria!e discoUtlt rate Is clefine<t ~he discount me is ('.()nvenoonaUy applied 
to constant.value (i.e., inflation adjusted) dollars. With moderate inflatIon, the cliscount rate i$ 
approxtrnattly the interest tllle 1t$S me expetttd tllteot inflation~ (Keeler and Cretin. 1982. p.. 4). 
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,. 	 Plan A costs $30 million this year and reduces cocaine consumption by 3 metric 
tons this year. . 

• 	, Plan B costs the same $30 million this year but does not deliver me 3 metric tons 
ofconsumption reduction until next year. 

If the benefit of cocaine consumption is not disc9unted. the two plans are the same" 
However. by taking $28.8 million mis year and investing it so that it grows to $30 mil· 
lion next year, we would get enough money to implement Plan A next year. Plan A' 
has been transformed into one that costs only $28.8 million and delivers the same 
benefit as Plan B. ClearlYI Plan A is mor~ cost·effective than Plan B. 

This example shows that benefits must be dis.counted to correctly evaluate the cost~ 
effectiveness of alternative plans.. It also shows that me discount rate used for bene
fits must be the same as the one used for COSts. Keeler and Cretin (l962) present an 
extensive mathematical discussion of the poim made by this eumple. An earJier . 
version of the example con be fo~nd in Rydell (1987, pp. 3-6). 

Over the years, a variety of models have been used [0 inform drug policy analysis 
(Schlenger, 1973; Levin. Roberts. and Hirsch. 1975: Gardiner and Schreckengost, 
1987; Cave and Reuter. 1988; Cra'\\ford and Reuter, 1986; Caulkins. 1990; Homer. 
1990. 1993a, 1993b: Caulkins, Crawford. and Reuter. 1993; Kennedy. Reuter. and 
RUey. 1994; and Riley. 1993). What distinguishes the present srudy is its scope: the 
comparison ofhoth supply", and demand·control programs on both COst and effec
tiveness dimensions. In part because of this broad scope, the modeling is done in a 
very transparent manner. to minimit.c the chal1.:;e of missing the forest for the trees. 

As Bankes (1993) and Hodges (1991) point Out, one does not necessarily need com
plete information on' a system to model it usefuUy. Rather, a model may illuminate 
s'ystem behavior and assist policy choices, with only partial knowledge. In this anal
ysis, neither uncertainties about parameter estimates (see Chapter Four and Ap
pendix F) nor the e~stence of multiple drug-connol goals (see Chapter Five} alters 
the conclusion that treatment is more cosl~effective at the margin than enforcement. 

OVERVIEW OF THE REPORT . 
The plan of this report is as follows: Chapters Two through Five explore the results of 
changing one cocalne·control program at a time. Chapter Six synthesizes these reo 
suIts 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 C and D. anaiyzes treatment programs. 
Both sets of analyses draw on the model, which is described in Appendix E. Chapter 
Four and Appendix F examine the robustness of the conclusions 'With respect to van· 
alions in parameter estimates whose values are known only approximately. Chapter 
Five considers alternatives to the consumption criterion for evaluating program ef
fectiveness,. Finally. the composite policy alternatives compared in Chapter Six range 
from costing $3 billion per year less than the $13 billion per year cunently spent on 
cocaine control (0 costing $2.6 billion per year more. 



Chapter Two 

SUPPLY CONTROL 


COcaine is produced in South America. primarily in Peru. Bolivia, and Colombia. The 
raw agricultural 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 losses and. seizures. At some stages, there is non-u.s. consumption. In this anal
ysis we are interested in the amount that reaches the United States; but to 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 into a single step: source-country production. (See 
Kennedy. Reuter. and Riley (1994) and Riley (1993) fur analyses of what goes on in~ 
side source counmes.l 

Coca leaf 

Coca paste 

Cocaine base 

Non·U.S. 
consumption 

CQeaine in transit 

U.S. consumption 
Cocaine at ma/1{et 

Figme 2.1--Coc:alne Supply Flows 

• 




HOW SUPPLY·CONTROLPROGRAMS WORK 

As mentioned in Olapter One. at each production stage the gross product has to 
cover the losses to control~program seizures and still deliver the net produci that is 
the input to the next stage (see Figure 2.2), Even though producers make up the 
seizu~e tosses by expanding gross production, they are still hun by the seizures. They 
get no revenue from the seized product, so they must raise the price of the surviving 
net product to cover their production costs. 

Supply-control programs do more than indirectly raise the cost ofdoing business by 
·seizing product. They also impose "financlaJ sanctions" on producers that directly 
raise the cost of dolng business. In this analysis, the label "financial sanctions" is 
broadly interpreted. It fneludes the loss to producers from asset seizures (fmanciaJ 
and transponation) and the increased production costs require<J to compensate 
workers for the risks of arrest and imprisonment. 

Moreover-and this effect does not usually get tabulated in statements of supply .. 
control program accomplishments-supply~control programs also cau~ processing 
CQSts to increase, By "processing costs" we mean aU contributions to toml cost other 
than the cOst of the input from the previous production stage. and the financial 
sanctions (see Figure 2.3, which is base.d 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 producers adapt to government 
actions against them. In particular, producers incur CQ5U to disguise' their produc~ 
tion and distribution. to guard it against law enforcement. to gain inteUigence about 
!aw enforcement p1ans. and to otherwise prevent law enforcement agents from dis w 

covering production and from disrupting production when it is discovered. Jrwe did 
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Cocaine Cocaine Cocalne 
at source in transit at market 

F1gure 2.3-CostorCocaine Productlon: 1992 

not estimate this increase in processing'costs. we would underestimate the impact of 
suppl:f~control programs on producer costs and hence on price, 

Thus, supply-control programs hann 'cocaine producers in three ways: by seizing 
product. by imposing financial sanctions, and by: causing processing costs to inw 
crease. The aggregate effect is to cause the price of cocaine to skyrocket (see Figure 
2.4), What starts out costing just over $4.000 per kilogram at the airstrip in South 
America ends up costing wen over Sloo.000 on the screet in NOM America. I Moore 
(l990, p. 115) has estimated that the retail price of cocaine would be only onewelghth 
as large If cocaine were legal (that is. absent the effect of supply controls). His. 
spedfic estimates (for 1988) are S15 to $20 per pure gram if cocaine were legal. as op~ 
posed to $143 per pure gram under Its illegal status. 

EFFECTS ON COCAINE CONSUMPTION 

Vvbat do each of these supply~control effects contribute to the decreases In cocaine 
consumption achieved via additional expenditure on the supply~c0l.'trol programs? 

INOte that the price of the net produCt at a glven produccon 'stage equals the total COSt o[production at 
that stage diVlded by the net product at that stage, See TablesA.l tbmughAS In Appendix A for details. of 
this relaconShip, 
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Figure 2..4-Price ofNel Product. by Production Stage: 1992 

Figure 2.5 shows that product seizures by themselves account for only about two· 
fifths of supplyRconuol programs' effect on cocaine consumption. Financial sane· 
tions (asset seizures plus cotnpensation to drug dealers and their agenn for the risk 
of arrest and incarceration) contribute one·sixth-of the effect Processing cost in~ 
creases {as cocaine producers seek to avoid product selz:ures and financial sanctions} 
account fOf one·third afthe effect, Finally, an estimated 7 percent of the effect is ac
cQunted for by drug dealers in jail or prison who are prevented from continuing their 
customary levels of cocaine use. This ~capacitation effect on consumption is in ad
dition to the financial impact ofwage premiums paid for the risk ofincapacitation.z 

The cost-effectiveness of the three suppiy~control programs is determined by run~ 
ning the cocaine-control model separately for each program. each time finding the 

2The propomom in Figure 2.5 represent all three control programs <:Ombined. They were estimated by 
using the cocaine-(X)nll'ol model The expenditu.te$ for $Ourc-e·counny('nntrol. inumlictlon. and dome;$w; 
ento{cement (state and local expendirures as 'Mill as federal elpendit\U'6} were firSt all increased by the 
same percentage to find the overall effect of supply control on consumption at the marpll. Then the 
model was rerun with the elasticity of proassing COlt with respecc to product mturts set to uro to find 
the pmcesslng ('OS! effect by noting bow muehless efftlCt supply controls then have on consumption. 
Next, the model was run wl.th !.he proportions of arreste<l drug dealers who use cocaine set to zel'Q to find 
tJw incapacitation eIffl'Ct. The residual wa~ then arutbuted to product sei:.ures and flnantial sanctions. 
Finally, the relative contnbution of product seizures and financial sanctions was determined by the ratio 
of the sum of prodUct seizures times price at each produttion Mage to the sum of financial sanctions at 
each production sage (seeTab!esA.6Ihrough A.a InAppendiX:A). 

http:expenditu.te
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Incapacitation or cocaine~ 
using drug dealers 

Financial sanctions 

7% 

Product seizures 

Processing 
cost 

Figure 2.s--..Proportion ofConsumption Reduction Ca1.1Sed bySeparate 

Supply-Conlrol Effects 


additional program expendirure3 in the first projection year required to achieve con
sumption reductions over 15 years whose present value is 1 percent of total con~ 
sumption in the first year. This cost rums oat to decline with each stage in the 
cocaine production PFocess. Accomplishing the specified reduction in cocaine con
sumption costs $783 million with source~country control. $366 million with interdic~ 
tion, and $246 million with domestic enmrcement (see Table 2.U. 

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 cctnsumer as price increases, which in rum causes current consumption per user 
to decline and eventually causes the number ofusers to de-dine as inflows to cocaine 
use decrease and outflows increase. For example, a $246 million additional annual 
expenditure on domestic enforcement causes annual cocaine suppJy costs 10 jn~ 

creasl~ by an ,estimated $750 miWon. or 2: percent of the estimated $37.6 billion spent 
annually by consumers on cocaine. Assuming. as we do in this analysls,4 that the
total percentage decrease in consumption caused by a price increase is half the per~ 
cemage price increase, the additional control expenditure achieves the goal ofreduc
ing consumption by 1 percent. 

a~Program ~nd!ture,~ as wed In tills revon, meam all program turu:.ting: federal, stare, and lOea.l; 
pubUe and private, 

4Appenda C di$Cusses this price elasticity assumption, Chapter Four and Appendix F il»eSS the 
sensitivity of this repon'$ resull'$ ro the assumption, 



Table2-l 


EJIectofSupply~Control Programs on Coeaine Consumpd.on 


CosI of I'lL Dec:rease 

Control PIOgram 

inCoaoJne 
Consumption 
($ millions:/yr) 

Program Cost 
Rel.adve to Domestic 

EAlOK't'ment 

Sour«'COllntry contml 
Interdiction 

783 
36S 

3.2 
1.S 

~D~o~.m~~==ti,~.=m=o='=~=m==.n='-c__-o~-c____~2='='-c~~c-__-=1.=.____ __ 
NOTE~ These costs are the additional control t;QSts in the fint projedion year 
which mUll in conswnption decreases over IS projection years ma1 have a net . 
pn!lSeI'1t value equal to 1 percent or the first year's consumption. 

One is tempted to observe that intetvening later In the production process will be 
more cost~effective,. since seized product is more costly to repiace at mose later 
stages,s However, this argument, altho~gh correct as far as it goes. is oniy pan of the 
story. For example. the cost-effectiveness ora supply-control program is detennined 
not only by the COSt to the producers of replacing the product seizures, but also 
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SwbUe incomplete. this arvunenl is correct and mUSl be: tndud.ed in a cost·bcmefit analysis (.s It isln our 
coeaJne-eontro\ model). This poim WI!$ overlooked in a previous srudy companng the cost-effectiveoess 
of inrerdi<:tion and d,omesti<: enforcement tGodshaw e[ at, 1987). That study incorrectly conduded that 
interdiction was more cost-effective than domestic enforcement. because Its criterion WM metric tons 
~ per program doUar {whicl'I doe$ not recognize that a metric ton seized at the reI/til market does 
mote harm to produtttS than ill metric ton seiz.ed at the bordert tn addition, mat study looked only at 
product $E!lxu.re$; it did not anafyze !lsset seizures or arrest and imprisonment of drug dealers. 

http:E!lxu.re
http:tndud.ed
http:Consumpd.on
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by the cost to the public of ac.romplishing those seizures. Nevertheless. even when 
our analysis takes this and other factors 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.I}. 



Chapter 11tree 
----------~--------~~~~DEMAND CONTROL 

CONSUMPTION OF COCAINE 

The approximately 7.3 million 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 homeJess and those who were in jail or 
prison, as wen as those iii households (see Fig, 3.1).1 Recall that, by definition, 
"heavy us!!''' means at least weekly, and "light use" means at least once a year, but less 
than ,..,.,kly. 

6.-----~--------------------------~ 

Light users 

~ JaiVpriSon 

• Homeless 

IEl Households 

,,,,,,,,,,,,,,,,,,,,"',. , 

Figure 3.1-Ught and HeavyCocaine US(ll'$. by Loc:adon: 1992 

,lFo( more detail on theM: estimates of numben of tocalne users, ~1Il Table C.lln AppendiJ; C. Fot the 
derlntion ofthe estimlUll1. see Everingham and Rydell U!,I94), Notethat the eslima~eor l.7 million weoelty 
cocalr.e users 15 withln the 1.5 10 2.S million renge estimated by Rhodes (1993, p.312). This analysis 
ll.$$llJneS that no cocaine coruwnpllon Occu.rl while cocaine usen ate lIL'tUally In jail or prison. Howew:r, 
at the wme time, no presumption is lTIflde thar jaU or prison is an effective tteaunEmr pmgram-on the 
conteMY'. thls analrsis assumes thaI people in jail or prison ootne om using cocaine in the same 
proportions and in the same amounts as they would have If they had never been inca:rcerated. P'eup!e in 
jail or ,!noon wtle' cl;wined as heavy or light users on the basis of their answers 10 $~ questions on 
their cocaine consumption hablu In the ye.at preceding their incarceration. 

17 



As mentioned in Chapter One. it is imponant to focus on differences between light 
and heavy users. For example. in 1990. heavy cocaine users comprised approrl
mately one-fifth ofan users, yet they accounted for about twO~thirds of all consump
tion (see Figure 3.2}, In other words' the rate of consumption for heavy users is about 
8 times that for light users. Since treatment programs tend to focus on heavy users 
{this analysis assumes that only heavy users are treated), tteatment~progra.m effec
tiveness is estimated to be much higher than it would be if average consumption 
rates were used in the analysis. 

Gerstein and Harwood (1990. pp, 59-62) have summarized the literature on indMd
uaI 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 to earlier stages. Unfortunately. available data do not permit 
estimation ofall the states and flows in Gerstein and Harwood's model, Our research 
adopts a simplified version of their conceptual model that can be estimated with 
available data (see Figure 3.3 and Appendix O. 

This demand mode! is sufficiently detailed to be able to teplicate three observed his
torical panern, (Everingham and Rydell, 19941: 

• 	 The increase ofcocaine prevalence during the 1970& and early 1980&. followed by 
a decrease during the late 1980s. 

• 	 The decline in cocaine use as a cohort ages (only 30 percent of users still use co
caine a decade after starting). 

• 	 An increase in the percentage of users who were heavy users duting the late 
1980.. 
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Inciaence 

(0.150) light Ligh! users 

NOf'HJoors 

(0.024) (O.040) 
light heavy 

(0.020) heavy 
Heavy users 

Figure 3...3-Arulual Dynamics ofCoc:a!ne Use 

The parameter estimates that enabJe th~ model, to replicate these histori~ panerns 
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 year. 4 percent of the heavy users return [0 
Ught use, while 2: percent S[Op using cocaine entirely, for a total outOow from hea~' 
use of 6 percent per year. The heavy users wh() flow back to lighr use are at risk: of 
relapsing to heavy use. However, in our model. light users who are former heavy 
users have the same annual probabiUtyofbecoming heavy users again as light users 
who have never yet been heavy users, 

lnciden'ce is not specified as a function of anything else. Rather. in our model. inci
dence Is sCripted. ¥lhen we are replicating history. estimates of histortca.l lncidence 
are model inputs'- 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 1 million per year 
in 199~~ to half that level in 2007 {see Appendix C}. This analysis is not designed to 
predict the future course of the cocaine epidemic. Rather, it has the more limited 
objective of assessing how alternative public control policies would affect a given 
presumed course of that epidemic, 

CHARACTERISTICS OF TREATMENf PROGRAMS 

Outpatient treatments and reSidential treatments differ considerably, Outpatient 
treatments are shorter2 and relatively inexpensive. and they account for the bulk of 

zMe:thadone tteaanents can continue Indefinitely, but they.are da:$sified separately in the source oftbis 
informarion (Hubbard el aI., 1985), which dlstingui:thes among oulpatient methadone treatments,
OU'(pa,tient drug.free tTeaunencs. and residential treatments. Only the latter '!WO are reievant tor cocaine 
u~rs, $0 for simplicity, our analy!us refers 10 outpatient drug.free. treaunenul.lS ·ourpaliem treatmems. ~ 

http:treaunenul.lS


the caseload; residential treaunents are Jonger, relatively expensive. and less com
monly used (see Table 3.1l. 

On average, treatment programs are about 80 percent effectiVe at keeping users off 
cocaine \\'hile they are acrually in the program. They are mucll Jess effectiVe at 
keeping users off cocaine after completing treatment (and many people who begin 
treatment leave before the treatment is complete). 

Fonow~up infonnation obtained by_ the Treatment Outcome' Prospective Study 
(TOPS)3 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 a~e ofa 12.2 percent rate for outpatient treat~ 
ment and a 16.7 percent rate for residential treatment (see Table 3,1, which is based 
on details presented in Appendix OJ, This tate of outflow from heavy use due to 
treatment is in addition to that of People who would have left heavy use without 
treatMenr. In other words, the treatment effect is the additional outflow of persons 
who receive treatment compared with a eohuoi group of those who do not receive 
treatment· 

Our studies show that about 6 percent of heavy users leave heavy use each year 
(Figure 3.3). About rwo~thirds of that outflow is apparently due to existing treatment 
programs, beeause at a 13 petcem additional outflow rate, the 32 percent of heavy 
users currently treated each year (Table· 3, 1) generate a 4: percent annual outflow 
from heavy use. In other words, only one·third. of the total annuai outflow from 
heavy use is estimated to be due «?: unassisted desistance from heavy use. 

. Table3.1 

Treatment Program ChamcterlsticS 

TypeofTreannent 

Cham;terisrlc Outparlerlt ae.sidentiaf AD 

ProgRm Lewb (AcceSSlOIl5. in 1992 

Percentofalhreatrnents 775 22.5 101),0 
Pera!nI of all hea.vyusen. 2 • .5 1.1 3Ui 

Prrtgr.am COst and Durarlon 

Cost per Il'eannent U992 5) SHi1 l140 
TreattnentdURnon {yearSl Q.41O 0309 
Co$1 per person·yeac (1'991 S) 12461 S626 

Offdtug$ during treaunent (lib) 13 99 79 
Addlrion&l outflow raM ~i 12.2 16.1 13.2 

SOURCES: BUtynski et al. {l99t:i1 and Hubbard el &I, (t989). See Appendix 0 in this repon 
for the details obmi.ned from tha.toe lIoun::es, 

3Hubbard et aL (1989) wKUSS!.he TOPS 51Udy. in which the &te:dstics on treatment effectiveneSs are 
reponed (tL ISO}, For the derfWtiOn ofrhe 13.2 percent e$timale from th05e StatistiCs. see Tables D.3 and 
0 .. in AppendiJ:' 0 ot the ~senl repon. 

4,'\$ diJeUssed In Appendk D. the control group cOll$ists of people who enter treatment but drop out 
bef-ore completing treatment (operatiOnally, thOsewh05t3Y in trea.tmemleu than three Months), 

http:wKUSS!.he
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Results from earlier studies of drug~treatJ:nent effectiveness generally support the 
, TOPS findings (Anglin and Hser, 1990). 1n particular, using "intake only" as the con
trol, s. the Drug Abuse Reporting Program (DMP) results: for heroin use are very simi
Jar, 'Additional outflow from daily opiate use is 13 percent for outpatient drug-free 
treatments and 15 percent for residential treatments (Anglin and Hser, 1990, p, 470). 

Following the pattern in the estimated historical flo'NS OUt of heavy use (see Figure 
3,3), 'We judge that one-third of the treatment-induced outflows from heavy use go to 
nOn-l.lSe; the remaining twO-thirds go to light use and face the risk of returning to 
heavy use in the future. Our cocaine-control model keeps ttack: of this feedback ef
fect and incorpOrates it'into our overall estimates of treatment-program effective
ness. 

The average treaonent ~sts: $1,740. (This is cost per accession, not COSt per person
year.) This estimate is a weighted average of outpatient and residential treatment 
costs. The cost per treatment seems surprisingly low, as does the 13 percent addi
tional outflow rare, until one realizes that most treatments end prematurely, Follow
ing Hubbard etal. (1989), we use the 3~month point as a minima1length oftime for a 
treatIuent program to have" any chance of accomplishing something. About two~ 
thirds of treatments fail to reach this threshold (see Figure 3.4), These truncated ai
tempts at treaonent depress both the average cost and the average effectiveness of 
treannent programs. 
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Figure 3A-Nwnber ofTreatnlE'nlS per Year, byTreatment Duration 

>rhat is, the control group consists of people whlJ signed up for tteatment but did not actually receiVE; an 
apprwable amount of treatmenl. 



When one: focuses on the treatments that last longer than t.h.riae months. the cost per 
1.I'eatment {again, per accession. not per penon~year) is consIderably higher than the 
average COSt {see Figure 3.5}, and the additional outfiow.from heavy use is also con~ 
siderahly higher !han the average (see Figure 3.6). 
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. 
Note that the estimated. additional outflow rate for treatments lasting less than three 
months is zero in Figure 3.6. because this analysis uses the shon~treaunent group as 
a acolltrol group" (see the discussion in Appendix D)~ To the extenr that the short 
treatments do have sOme positive effect on afteNrcatment behavior, this analysis 
underestimates the effectiveness of treatment programs. 

EFFECTS ON COCAINE CONSUMPTION. . 

Figure 3.7 shows how much of the consumption reduction caused by treatment Is· 
due to people consuming less cocaine while in a treatment program~ and how much 
is due to them consuming less cocaine after treatment.6 The in~tteatment 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 
treatment and what happens with treatment. 

Even though the debate on the effectiveness of treatment focuses on treatment's 
ability to get people to stay off drugs after they leave a treatment program, one-fifth 
of treatment programs' overall effectiveness is due to the suppression of cocaine 

. use while people are in treatment. Ignoring this effect in an analysis oftreatment~ 
program effectiveness would underestimate program benefits.' 

In 1Jeatment 

After treatment 

Flgu.re 3.7-Proponion ofCons:umption Reduction Caused by Separate 

Tr(lllt.ment Effects 


&rbe in ,treatment effeo: was found by running the cocaine-control model With me desislanc:e nne, a. set 
equal to zero, in which ca.se $250 million additional treatment dollars det:reas:ed erulsumption b,only 9.4 
metric tons per year. as opposed to 14.2 metric tons per )-'eai befure the de!listance rnte was zeroed out, 
Thediff~rence, 4.8 meuic rom per yea:r, i"the In.-tTeaonent effect a.rni it is 34 pe:rcem of the totalrreaunent 
effect. ' 



The importance of the in-treatment effect highlight! an interesting: contrast between 
crt.minaJ~justice research and drug research approaches to analyzing program effec
tiveness. Discussions of how prison affects crime tend to emphasize incapacitation 

. ("uHreaonent effect") and implicitly assume that rehabilitation ('"after-treatment 
effects'" may be too small to matter very much} In contrast. discussions of drug 
treatments tend to emphasf.te the proportion ofpeopie treated who stop using drugs. 
and it is the in-treatment effect that is usually (incorrectly. as it turns out) implicitly 
"assumed to be too small toomatter.8 . 

Turning to the co~sumption decrease that can be achieVed per treatment-program 
doUar, Table 3.2 replicates Table 2.1'to facilitate comparisons with supply-control 
programs. AIl before, the cocaine-connO! model is run to find the control cost in the 
first projection year that results. in a stream ofconsumption reductions over 15 years 
whose present value is 1 percent of total consumption in the first projection year. 
The cost of the necessary amount of treatment is $34 millton. This is much less than 
the cost of achieving the consumption reduction through supply controls. The least 
expensive supply-control program. domestic enforceme~t. costs 7.3 times more than 
treatment (see TabU: 32 and Figure 3.8). 

The $34 million estimate reflects two factors, First. most users stay offdrugs while in 
treatlIlenL The average. coca1ne treatment costs 51.740 per person treated, so $34 
million pays for 19.500 treatments of heavy userS. The average treatment lasts 0.30 
years, and SO percent of the people in tteaanent are off drugs, so the in~treatment 
effect or 19,500 treatments is about 5,000 per$on~years less heavy cocaine use, which 
{at 120 grams per heavy user per year) amount!; to 0.6 metric tons less cocaine can· 

. surnption. 

Table 3.2 

Effect or ConrroJ Programs on Cocaine Consumption 

C(lJt mI'll;_in 
~ 

Consumption 
Control 'PToWam ($ millions/yr} 

23.0So~counUY comrol 
lnterdiction to.8 
Dommie enforcemm.r 73 
T"'lmenl ..0 

NOTE: 1'htu: costsm the additional contrOl coro: in the fln:t projection year 
which mmt.in ton$umpdon decreases over 15 projection years that have a 
net presentvalue equal to 1 percent ot the tirstyear' s consumption, 

7m .(or eumple, Nagin {1978, p;9Z1. who concludes that high fe('idivism means that rehabUiCation doet 
not occur, ' 
Bsoo. for emmple. Wallace (1990), W~hton and Stone-Washt6n (1991», and Washton and Stone-Washton 
(1991), all of which dJscu$.S the pwblem of many people returning to drug use after trCfttmenl, so thar 
multiple treatments are reqUired, but do not discuss the benefirof the in~r:reatmenl efl'ea. In 3:ddioon. the 
&ten$ive reView of drug trearment programs in Anglin and Hser (199(1/ focuses on comparing pOSt· 
treatment drug use with pre-treaunent drug use. No mention is made of reducOon in drug use during 
treatment as a program benefit. 

http:emphasf.te


De:mand ConD'Ol 25 

800~=======---------------------~---------, 

'0 200 

o 
InterdtctiQn Domestic 

enforcement 
Source-country Treatment 

control 

Figure 3.8-Cost ofReducingCocaine Consumption by 1 Percenl with Alternative 

Cocaine-Control Programs 


Second, some users stay off drugs after treatment. An estimated 13 percent of heavy 
users treated do not rerum to heavy use after rreattnenL Not all those departUres are 
pennanent, however. Nevertheless, during t.'1e 14 years following treatment, the 
19,500 treaunents would generate an estimated present value of 20.000 person-years 
less heavy cocaine use. which amounts to 2.4 menic tons less cocaine consumption, 
When we add the 0.6 menie ton in-treatment reduction to the 2,4 metric tOn after
treatrilent reduction, we find that 19,500 additional treatments would reduce cocaine 
consumption by an amount equal to 1 percent of the 300 metric tom currendy con· 
sumed annually, 

Supply- and demand-control programs differ not only in the cost of achieving a 1 
percent reduction in consumption, but also in how they achieve that reduction (see 
Table 3.3). Supply control reduces the numbers of both light and heavy users, while 
treatment primarily reduces the number of heavy users. 

An eVl!n more dramatic difference is that supply control increases user spending on 
cocaine, while treatment decreases it, Additional supply control causes percentage 
increases in price that are larger in absolute value than the percentage decreases in 
consumption. so user spending on cocaine increases. In conuast, additional treat
ment causes only small increases In price,S so there is essentially no offset to the 
decreases in consumption, and user spending on cocaine decreases_ 

9rhat treatment l<hould affect prlct!: at all. let alone positively. requires some explanation. A.$ additional 
1,leatrrulnt reduces cOMumption. m$tip~ supply_control sanctions get spread over a smaller volume of 
busirn!'ss, causing the sanction per unl! product. and hence lhf!. retail price, to increase. (See the 
discussion ofthe downward m.pe or the industry supply eurve jn Appendix E.) 
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Table 3.3 


Other Consequences ofAddldonal Connol that Reduces Cocaine Consumpdon 

by 1 Percenl 


Percenl Changes in: 

Control Prognun Ughl Users Heavy Users All Users 
Price of 
Cocaine 

Spending on 
CoaUn, 

Suppty controll 

Treatment 
-0.33 
-O.CIS 

-0.50 
-1.08 

-0.37 
-0.22 

2.0 
0.3 

1.0 
-0.7 

NOTE: These peKemages are Ihe nel presenl.wlue of changes over 15 projection years relative to the 
lim projection year's IOta!. ' 
IAli Ihree supply.conuol programs behave Ihe same Oil Ihese oUlcomes for an expenditure that 
reduces ronsumption by I perc~L 

The summary measure used so far in this analysis-the current COSt of achieving an 
over-time reduction in consumption amounting 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 plo~ 
the results of adding $1 billion to the current·$13.0 billion annual cocaine-control 
budget,IO allocating it equally to all four control programs. That is, each program 
gets $250 million added to its annual budget. To consOUct the graph, the program 
additions 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 unifonn over time (each, 
year's budget for a given program is $250 million more that it would have been with
out the chan"ge), the effect on consWnption 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-treattnent effect (of the treattnent pro
'grams) on current consumption. Then the remaining decrease in consumption ac
cumulates over time as the effect ofbo~ suppLy-control and treaunent programs on 
user flows grad~ally changes the number of cocaine users. 

As the graph shows, spending $250 million on treaunent each year results in a 27 
'metric ton reduction in consumption by the year 2007.11 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 bottom line explanation for the consumption reduction due to treattnent is that 
at $1,740 per average treaunent, $250 million buys 144,000 additional'rreaunents per 

l~e esdmaled S13.0 billion expendilure on cocaine control during 1992 ronsisled ofSO.9 billion spent 
on source·country conrrol, Sl.7 billion spenl on inrerdicrion. and S9.5 billion spenl on domestic 
enlorcemenl (all1evels of government) (see Table B.81n Appendix B), plus SO.9 billion spenl on ueaanenl 
(both public and privale) (see Tables D.l and D.21n Appendix D). 

11 Interaction among programs is negligible in Ihls example. In Figure 3.8, Ihe rreaanem budget is 
inoeased only aIIer increasing alilhe 5upply-conuol bUdgets. However, Ihe same Zl meDic Ion reduction 
by 2007 occurs if the ueatment budget is increased before Ihe supply-control budgelS. 
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year. Thirteen percent of the heavy users treated. or about 19,000 people, flow out of 
heavy cocaine use as a result of the treatment. Ifall stayed off cocaine permanemJy, 
then over 1S yeatS, the reduction in heavy useS1. would accumulate to 285,000. How
ever, some oCthe deparrures from heavy use are remporary, so the estimared net re~ 
duction in heavy usef$ by ~OO7 is only 225.000. At an average use of 120 grams 'per 
year pel heavy user, this amounts to a 27 metric ron reduction in annuaJ cocaine 
consumption. 



Chapter Four 

SENSrnvrrYTOKEYPARAMETERS 


The responsiveness of cocaine consumption to the price of cocaine and the addi~ 
tional outflow from heavy COCaine use due to treatment are the !'NO most impOrtant 
behavioral parameters determining this study's conclusion that treatment is more 
cost-effective than supply conrro!. This chapter shows thar the conclusion remains 
true e-/en if these parameters should differ greatly from the values used in this analy
sis. The analysis consider.s both independent and joint effects of these parameters.! . 

PARAMETERSANALYZ£O 

The priceelasticity ofdemand is the ~rcentage change in demand caused bya 1 per~ 
cent increase in the retail price ofcocaine.2 TIlis parameter is the fundamental link 
between supply-control programs,and consumption. Supply-control programs 
increase the retail price of cocaine, and that price increase causes consumption to 
decrease. with the amount of the consumptJon decrease detennined by the price 
elasticity ofdemand.3 

The additional Olt.rfJow due to rrearmem is the percentage of heavy users treated 
during a year that stop heavy use of cocaine during the year hecause of the tre3{A 
ment. They may regress to Ught use or they may StOP cocaine use altogether, but 
they are no (onger heavy users.4 This percentage is in addition to the percentage of 
those in treatment who would have quit during the year without treatment. MoreA 
over, the dynamic model of cocaine demand recognizes the possibility that some 
people who flow out ofbeavy cocaine use in oneyear may now back in a fufilre year. 

I Appendix F analyzes the effect ot varying additional parameten in the cocaine-control mOOt]. 

2Dernand'docreases when price inerease$, so this price elutidty is a negati'.-e number. In thl, ~Pter, h is 
amveruent to bavt poSitivt values to gaph, so the- figures plot the absolute value ofme price elastidty. 

3For the precise role thac the price elasticity of demand plays in the coca.lmt·ecmtrol mode!, see the 
parameter e in Eqs. C., through CI0 In Appendix C. " 
"The added outflow due to treatment Is a Witighted average of the outflows due to oU\lIarient and 
residential treannerll. The sensmvity analysis: is: done with a parameter J that is a multiplier times the 
avtrage uudlcw rate {IZ,S percent in the reference situation}. For the best esdmale of the outflow rate. J:= 
1.0; fol' me low estimate. J" 0.75; for the hJgh estimate. $. '" 1.50 (see Eq. {O.3) lnAppend.ix 0/. 
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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 me best estimate that could be obtained for this 
analysis. The low and high varues define range. judged by the authors to include all 
parameter values that have a reasonable chance of being the correct value. Ifa new 
study of one of these parameterS were conducted tomorrow and the result feU within 
the indicated range. we would notbe surprised. 

. Table4.1 

Ranges for SeNttM:tyA.n.aIysk 

Price elasiidtyofdemand -.... -0,5D -\),15
AddItional outflowdue to treatment €1i} 132 16.5 


SENSITMTYRESULTS 

Tables 4.2 and 4.3 present the results of the sensitivity analysis of these parameters. 
The heading of each table sho'o\'5 the parameter and gives the low. best. and high 
values of it The body of each table gives the estimated annual costs (in millions of 
1992 doUars) of reducing cocaine consumptior by 1 percent • .s for given contIol pro~ 
grams and given values of the parameter in question, The bottom row of each' table 
gives the ratio afthe cost ofachieving the consumption reduction through domestic 
enforcement to the cost ofachieving it through treatment. 

TabIe'.2 

Cos, 01 Recluclng Consumpllon by I Pet<enc Effect01 Price _II"" 

ofDemand 


{$ mlIlfu.. pe>' !'I'arl 


l"rice Elastitity of Demand 

-0.38 ~o.so -0,75 

Source-oountry seizures ,... 783 
lnttm:llction SO, 366 
Domestic enlorcement 33. ,.. 
Treaanem of heavy users 34 

EnfMtemenrltuarment .S" 7.3 

5As in Chapt.en Two and Three, this is the CO$!; in the firs{· projection yur of achieving consumption 
reductions over IS projemon yean whose net pres:ent value b I percent of consumption m the first 
projeatOn year. . 

http:Chapt.en


Table 4.3 

Cost ofaedvdng Conrump_ by I """","c Effect 01 Addltlo.al 

Outflow Doe 10 'fi:'eatment 


($ mi1lJon'peryear) 


Additional Oudlow Due 10 Tre<lanent (%) 

ConD'D1 Program 9,9 13.2 16,5 

SOUJ'C'e-COtlnuy sel%ures 7$ 763 771 
Interdiction 372 366 360 
Dom.estIc Eruoretment 2SO 24S Z42 
Treaunem ofheaVYuSern 43 34 27 

Enlorcement/tttattnent 5.7 7.3 !UI 

, 
The mtio in the bottom row of these tables is always greater than J.O {substantially 
greater). This means that even when these parameters are varied to the extremes of 
their uncenainty ranges, treatment remains more cost~effective than domestic en~ 
farcement. Also, the ranking of COSts down the columns is always the S<UJle, Source~ 
country control cOSts more than interdiction, which costs more than domestic 
~nforcement, which costs more than treatment. 

Thus. the main qualitative results of this analysis are not affected by uncertainty 
about these parameter values. However. the specific estimates of the program costs 
necessary to achieve given consumption CUts certainly are affected. These sensitiv
ity-analysis tables give a useful indication ofjust how far to. push (or, rather. how far 
not co push} the findings of this analysis. 

INTERACflON EffECTS 

The effects of varying the cwo parameters. price elasticity of demand and additional 
outflow due to treatment, ate not completely independent. Rather, there is some in
teraction (see Table 4.4). When the parameters change in the direction offavoring 
enfon:ement. the effects partially cancel. For example. when the price elasticity 
changes from -0.50 to -0.15, the cost ofenforeement relative to treatment decreases 
by 2..3 (from 7.3 to 5,0); and when the additional outflow changes from 13.2 percent 
to 9.9 percent. the east of enforcement relative to treatment decreases hy 1.6 (from 
7.3 to 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 paral1).eters change in the direction of favoring treat
ment, the effects reenforce each other. For example. when the price elasticity 
changes from -0.50 m-O.38, the cost of enforceme.nt 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 enforcemem relativ~ to treatment increases by 1.7 {from 
7,3 to 9.0). When both parameter changes occur, the joim effect is not the sum of 
these independent effects. 3.9, but rather the largerch.ange of 4.4. 
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Table ••• 


Effect of Joint VariadonofParameters 


Priee'E!uticityor Demand 
Addl'donal OutflOW' --========--
DuelOTreaanent -0.50 , -O,1S-."8 

lIi5 11.1 9.G 11.1 
13.2 9.. 7.3 SG 

9.9 ,.. 5.7 3.9 

rntfetence fmm 7.3, 

16.5 1.7 -1.2 
132 22 M -2.3 
9.9 0.1 -1.6 -3A 

Relative Difference fmm 1.3 

1'" G.GO 0.23 -O,lu 
13.2 1l.30 MG ~0.32 

9.9 0.01 -0,22 -0.47 

The simplest way to describe what is going on is that wlien the changes are expressed 
as proportions, the inter€lction effect is multiplicative. as in the identity (1 + a)(l + b) 
:: 1 + a + b + abo So two negative changes result in a positive interaction term that 
partially cancels the independem effects. while twO positive changes also tesult in a 
positive Interaction tenn that reenforces the :ndependent effects. For example. 
(1 - 0.32){1 - 0.22) _ 1- 0.32 - 022 + 0.07 • 1- 0.47; and (I + 0.30)(1 + 0.23) _ 1 + 0.30 
+0.23 +0,07;:; I + 0.60. 

THRESHOlJ) 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. 
poslte question: It asks what parameter changes are necessary to reach the boundary 
where the outcome changes qualitatively_ Specifically, under what circumstances 
would domestic enforcement become as cost·effective as treatment? 

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 treatment, but 
the crossover point is not reached even if the absolute value of the price elasticity is 
as Jarge as 2.0 (see Figure 4.1). Decreasing the additiorW outflow due to treatment 
reduces the gap between the cost--effectiveness ofdomestic enforcement and that of 
treaunenl, but the crossover point is not reached even if the additional outflow is 
zero (see Figure 4.2), This last finding shows that, by itself, the suppression of co· 
caine use while people are in treatment reduces cocaine consumption enough to 
make treatment more cost-effective than domestic enforcement 
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In both figures, solid dots indicate our best~estirnates of parameter values (price 
elasticity -0.5, additional qutfiOYi 13.2 percent). The arrows indicate the sensitivity 
ranges analyzed above (price elasticity being between -0.38 and -0.75. and 
additional outflow being between 9.9 percent and 16.5 percent), 

Varyingthe parameters jointly does identify a threshold beyond which domestic en
forcement is more cosl~effective than treatment, but that threshold is nry distant 
·from Our best underStanding of these parameter values (see Figure 4.3). For domes
tic enforcement to be more cos(~effe"ctive than treaunent, price elasticity must be 
sufflciently high and added outflow must be suffidently low that together they ex· 
ceed the diagonal~line threshold in die upper left camerof Figure 4,3. 

The solid dot in the diagram indicates the parameter values used in this analysis. 
The arrows leading out from the dot sh9w the ranges in the sensitivity analysis. The 
cross fonned by the arrows shows the uncertainty range of the parameters. The 
small size of the cross relative [0 the distance from the dot to the threshold Une 
shows the robustness of the conclusion that treattnent is the most COSt-.effective 
cocaine-control program. 
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Chapter Five 

ALTERNATIVE EVAIlJATION CRlTER1A 

This chapter considers two criteria for evaluating cocaine·control programs that are 
alternatives to the consumption criterion used so far in this repolt. In a sense, this 
discussion is a continuation of the preVious chapter's sensItivity analysis, except that 
instead of vaf}1ng inp.ut parameters, we now vary oUlput measures, The IWO aiter~ 
native evaluation criteria are: 

• Number of people usIng cocaine. 

• Cost ofcrime and lost productivity due to cocaine use, 

User counts are often used to measure the size of the cocaine problem because they 
are readily available (and widely publicized) from the National Household Survey on 
Drug Abuse. conducted annually by the Nationailnstitute on Drug Abuse (NIDA). 
This measure, however, has the defect that it does not recognize that intensity ofoo~ 
caine use varies greatly across users. The consumption measure used throughout 
this report corrects for that defect by weighting ligh[~ and heavy·useroounts byesti· 
mated consumption rates. 

Of Course, we would like to evaluate programs with a measure. of the harm done to 
society by cocaine use. In particular, we would like a measure that distingulshes 
between societal effects of increased consumption of cocaine by users (lost p.roduc~ 
th'ity 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 construct'S such a societal cOst measure. However, consumption is used 
as the main evaluation criterion in OUt analysis, because we judge that the state of 
the art of harm measurement is not yet advanced enough to be persuasive by itsel(. 
The societal cost estimates are <?ftered here merely as additional information with 
which to compare theaitemative control programs. 

The central purpose of considering these alternative evaluarion crit~a IS to sec 
whetht}r they contradict the program rankings established by the consumption cri~ 
terion. The conclusion .is that they do not change me earlier result- On all three 
evaluation criteria (users, consumption, and societal costs), interdiction is more 
cost-effective than source~country control, domestic enforcement Is mote cost

3S 



effective than interdiction, and treatment of heavy users is more case-effective than 
any of the supply-contra! programs. 

NUMBER OF COCAlNE USERS 

Tab!e 5.1 does for users what Table 3.2 in Chapter Three did for consumption. The 
reported COSts ate what must be added to the first projection-year budgets of each 
connal program to reduce user counts over 15 years by amounts whose present 
value is 1 percent of the total number of,users in the first projection year. 

Comparing the results for ulien with the earlier results for consumption shows that 
the patterns ate similar (see Figure 5.1). In both cases the budget required for the 1 
percent reduction gets smaller as one moves from source~country control, ro inter
diction. to domestic enforcement:and finally to treatment. 

However. the cost levels differ. In every control program the cost for a I percent re~ 
duction in users is much larger than the cost for a 1 percent reduction in consump-
tion. Decreasing the number ofcocaine users by a given percentage costs more than 
decreasing cocaine consumption by that percentage because control programs in~ 
fluenee consumption both d~rect1y, through the consumption of current levels of 
users, and indirectly, through altering the flows ofusers Into and out ofcocame use, 
while control programs inOuenee the number of users only through the indirect ef
fect on flo,"'S. Because control programs attack user counts in fewer ways than they 
attack consumption, achieving a given percentage reduction costs more. 

SQCIETALCOSTS 

OUr societal-cost measure includes the cost of crime due ro eo<:aine use and the COS! 

of lost productivity due to cocaine use,. The cost of crime includes criminal-justice 
system costs as well as 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 capabilties. 

TableS.l 


Effec1 of Control Programs on Number of Cocalne Users 


Costol 1% Decrease boo of Program 
in Cocaine Usm C'..o£t to Treatment 

Control Program ($ millions/yrJ Cos! 

SOUtte·couotry conUOl 
lnterdittkin 
Domesth:: enforcement 
Treatment 

NOTE: These eusu are the additional control costs in the lir$! projection year 
which result in tIMet count decreases over 15 projeaion yean that have' a.net 
present value equal 10 1 percent or Ute fimyear's user 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 CO~ 
caine tends to increase crime and that user consumption ofcocaine tends to increase 
productivity losses. For supply~controJ programs. the two components in societal 
costs partially offset each other, because those programs increase user expenditure 
while decreasing user consumption. On the other hand, for treatment, the two com
ponents of societal costs reenforce each other, because treatment decreases both 
user expenditure and user consumption. 

Appropriately. the societal-cost measure does not include the cost of supply*control 
programs or the cost of treatment programs-those costs are captured by the 
COcaine-control budget. Of course, the total cost to society due to cocaine is the sum 
of the crime and productivity costs and the control costs. For an increase in cocaine 
contrOl to reduce the total COSt to SOciety, the savings in crime and productivity COSts 
must be greater than the increase in control COSts. 

How LargeAre the Societal Costs ofCocalnef 

Table 5.2. presents estimates of the societal costs of cocaine use based on the Rice et 
a1. {l990} estimates of the costs of drug abuse. Details: for each summary category 
{crime and lOst productivity) in the table show how the aggregate estimares were 



Table 5.2 


Bsdmates ofAnnual Crime,and ~~ProductMtyCOst.s Due to CocaIne Use 


1992Costof 
l'lSSCostof Adjustment Adjustmetl.t CocoUne 
Drug ....... Factor,19as Faaor,1988 Proponion Abu"

In ,,,..Type ofCost ($milliom) to 1988' Cocainec ($ milliOl'll1'-

Crirnt' Due to Drug Abuse 

Propertydmruction 759 L32{J l.UIS 0.433 ". 

Victims ofaime 84' 1.32<1 1.18S 0.433 S1() 


Crtminal Justlct 9.506 . 1.279 1.185 a.4ll 5,2M) 

Subtotal 11,109 7,324 


Producti.v:lty Lost Due to Drug Abuse 

Short hospitaLstay 1,.242 L305 l.185 0,373 71. 
MorbiditY 5$l9 1.203 Ll85 0.373 3,179 
Monalitye 9.6OS ' Ll68 1.t85 0,373 S,... 
lncattetaUOn 4,43-4, 1.320 1.185 0.373 2,587 
CrimeeaJ"tIeI 13,976 1.320 1.165 0.373 8.1>< 
submtal 35.2.36 19,680 

SOU:RcE.: Ria: et aI. (1990. pp, $, 132. 146. 164). 

N01E: Dotsnot include aIeohol abuseOfcontrol~pmgram cOsts. 

'Adjusrment from 1985ro 1988 dQne with Wee Alport faClOI1 (Rk8.199O,. P.164). 


DAdjustment from 1988 wl992 don!! with Cotmll!le'r Pria! Index {CPt}, 


C'fraaioo ofcrime co,u: caU500 by cocaine Is estimated by cocaine's proponIon of user expenditure on all 

drugS (ONDCP, J991b.p,S), ' 


"Fraction of productMtY COSI caused by oocaJ.ne Is estimated by cocaine's propordon Qf all dnlg~ 

tteattnents {ButynUl. 1990. pp. 41""';n The wumption Ir that the &eII1!rity aftbe prQblem caused by .. 

drug. reiative to other drugs. is proportiQnaI to the numberQ!dmgU$tf$...mo seek treatment, 


eMurtality CO$( estimate tor aIldrugabuaeis: 6.118 deams (Rice, 1990. P. 132) times: $1.57 million per dum 

(Fisher. Olesmur. and Violette,l~. p. 97, estimate ~ in 1985dolian). 

constructed. Also, the table shows the adjustments made to jnHate the drugRabuse 
costestimares to 1992 and to identify cocaine's share of the total cost. 

Crime costs consist of three detailed categories estimated by Rice: ~Ptopeny de
struction" jncludes aU property lost due (0 violent and personal crimes such as rob* 
!>ery. assault, burglary, larceny, and motor vehicle theft. "Victims ofcrime" consists 
of the cost of lost work time by those wbo arevictirni2:ed. "Criminal justice" COSts are 
the arrest costs and jail or prison costs for people apprehended committing crimes to 
support their drug habit 

Productivity·loss costs are divided into five detailed categories estimated by Rice: 
,NShort hospital stay" includes emerge~cy room visits, but does not Indude outpa~ 
tient or residential drug treatments. "Morbidity" Costs are the value of goods and 
services lost because cocaine users produce less-either because they are unable to 

"perform their usual activities at full effectiveness or because they are unable to per
fonn their usual activities at aU. ~Mortality" costs are the current monetary value of 
future output lost due to premarure death. "Incarceration'" costs are the productivity 
losses for individuals in prison as a result of a conviction for a drug~rela(ed crime. 
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"Crin1e career" costs are the productivity Josses for drug users who engage in crime 
as a career rather th~ in Jegal employment. l 

How Do Control Programs Affect the Societal Costs? 

Two l'![ssmnptions govern our es~imateS of how cocaine-control programs affect so· 
cietal costs; 

• 	 111e cost ro society ofCrime caused by cocaine use is proportional 10 the expendi~ 
ture on cocaine by cocaine users, 

• 	 The cost to society ofproductivity losses caused by cocaine use is proportional to 

,the consumption ofcocaine by cocaine users. 

The need for evidence that supports these assumptions (or that replaces them with 
better assumptions) is the major deficiency in che current state of the art of harm 
measurement. On the other hand, considerable variation can be made in these as
sumptions without changing the qualitatl"'e findings'below_ 

Table 5.3 does for societal costs what Table 3,1 in Chapter Three did for consump
tion, and what Table 5.1 earlier in this chapter did for users. Once again. the first 
projection-year budgets of each control program are increased. but this time me ob~ 
jective is [0 make 15 years of reductions in societal costs have a f!.et present value 
equal to 1 percent of~ societal costs in the first projection year. 

I 	 . 
As in the analysis of user counts, we compare the results for societal costs with the 
earlier results for consumption (see Figure 5,2)_ The by~now·familiar result is mat 
the incremental budget required for the 1 percent reduction becomes smaller as one 
mOVefi from source-couf!.try control. to inre~iction. to domestic enforcement. and 
finally to treatment. 

Tabre5.3 

metl ofcOntrol Programs on Cost ofCrime and lDst Productivity.. 	 . 

Cost of 1% Decrease Progtam ColI! 
til SOCIetal CoSt flelativem 

Control Program ($ million5iyr) Treatment 

Snurce-country contrOl 1904 51.4 
lnterdiction 690 24.1 
Domestic enforcement ,40 14h 
Tman"" 37 Ul 

NOTE: ib5e COSts are the additional control COIf.\: in the first projection 
year which result in societal cost decteases over 15 projeciion years that 
have anetpresentvalue equal to 1 percent of me ftm"year" societal COSt. 

1 Incarceration costs 3l1d crime career cos'($, are included under the J05t.produrrlvity heading r.u:her than 
the cast of crime. becaure we assume marmey are dependent primarily upon theet:ll;aine-caused inabillty 
to do productive wmk in$Ot'iety. rather than on the amount ofcrime committed. Heru:ethey are assumed 
to be driven by the amount ofcocaine consumed, rather than by the cost orpurchllSlng the cocaine. 
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This time, however, the cost levels differ only for the suppJy~control'progra.ms. The 
COSt of a I.percent reduction in societal COSt is essentially the same as that of a i per
cent reduction in consumption. The supply-control programs are relatively tess ef
fective at reducing socieral costs because they march in two directions: The price tn· 
crease that causes consumption (and hence the COSt oflost productivity} to decrease 
~so causes user expenditure on cocaine (and hence the COSt of crime) to increase. 

Note that this partial canceling of the effect of supply controls on socfet!ll costs is de~ 
pendent upon the price elasticity of demand having an absolute value less than 1.0, 
Since we judge that elasticity to be -0.5, we are well within that limit. When supply 
control causes a 1 percent increase in the price of cocaine, consumption of cocaine 
decreases by 0.5 percent-making user expen~iture on cocaine increase by 0.5 per
cent. 

We have compared the costs of reducing user counts with those of reducing con
sumption. and the costs of reductng societal COSlS with those of reducing consump
tion. Now, we make a three-way comparison. Figure 5.3 plots the ratio of domestic 
enforcement cost to treatment cost for 1 percent reductions tn each criterion. The 
trend is dramatic. Moving to more sophistiCated measures of program effectiveness 
increases the cosr-effectivenessadvant,:ages oftteannent. ' 

, Finally. the societal-cost analysis offers the opportunity to go beyond judging relative 
program performance and also judge absolute performance.2 Societal cost is mea~ 

. . . 
. 	2The assessment is fairly broad brush, however, given the timhations at aur Imo\\llooge (jf the societal 

comorooeaine. " 
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sured in dollars. as are the control-program budgets. 50 we can compare the two and 
ask whether the savings in societal cosrs are larger or smaller than the control~ 
program budgets required to obtain those savings. 

Figure 5.4 shows our answer to the absolute cost~effectiveness question, For the 
suppl)'~control programs. the estimated savings are smaller than the control costs: 
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~ additional cocaine-control dollar generales societal cost savings of 15 cents if 
used for so~rce~counny control. 32 cents ifused for interdiction. and 52 cents if used 
for domestic enforcement. In contrast, the savings from treatment programs are 
larger than contro! costs: an additional cocalne-control dollar generates societal cost 
savings of$7.48 ifused for treatmenL . 



Chapter Six 

COMPOSnEPROGRAMS 


The previous chapters of this report focused on finding the direction in which 
cocaine~control policy couid move to become more cost-effective, The answer was 
to cut back on supply control and expand treatment ofheavy users. However. there 
remains the question of how far one can move in this inwcared direction, There is a 
limit ro how much of the cocaine problem can be solved by treatment, because 
treatnlent is only partially successful in stopping cocaine use. Even treating all heavy 
users once a year would not eliminate the cocaine problem, 

This final chapter explores what can be accomplished by expanding treatment, both 
with and without CUtS in supply control. Specifically, we analyJ:e fow alternatives to 
current poliq. 

• 	 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~aDnentbudget 

• 	 Alternative C: decrease the supply control budgetS by 25 percent and trear 100 
percent ofheaVY!lsers each year. 

• 	 Alternative D: treat 100 percent of heavy users each year without changing the 
supp!y-control budget. 

Table 6.1 shows the cocaine-control budgetS for each alternative. The supply~control 
budgets are 25 percent below current policy for Alternatives A through C. and the 
same as current policy in Alrernative D.l The treatment budget is twice that of cur
rent policy in Alternative B, and almost four times current pOli!-1' in Alternatives C 
and D. 

NeithE~r the number of treatments nor the percentage of heavy users treated doubles 
when the treatment budget doubles, because we assume that the proportion of resi~ 
dential treatments relative co outpatient treatments increases as more people are 
treated, For example, comparing Alternative B with currenr policy. although the 

tne 25 percent .cUI wus dwsl!n for this analysis because i. is a round number thaI genmuu enough 
controi.budget w.ings t(I pay Jor treating all heavy users once a)"tar, 

" 




Table6.l 


Ow'acteristics of Alternative Composite Plans 

, ' 

25' Cu.t Do_ R",.,.
Supply Suppty.Item 'Cumnt Pclicy Conaol CAl Treaaoent {B} Treatment (C) Control tD) 

CocaineContn'.l1 Budgets (S bllliOll$ per year) 

Source-cowlIr)' control 0.117 0,65 1>-65 • .65 0.87 
ln~on 1.71 '28 .28 .28 1.71 
Supply{;ontrol 9 •• 7 i'Jl 1.11 7.11 9.47 
Treatment '0.93 .,., 1.86 '.611 ,.., 

Total .2.98 9,97 10.00 -12-72 ISS! 

Nu.mberofTmnnel'lts per Year Irnousands) 

Outpatient t:reattnent 
Residential treatment 
• Total 

.""118 
548 

,"
117 

"'1 

610 
m... 627 

627

.'" 
600 
600 

1200 

~ntHeavy UstrsTreated Each Year 

Pment [Tented "" 27 51 .00 100 
NOTE; Alternative A rots all th~ suppJyv('lQntrol program: budgetS by 25 percent; Alternative B spends 
one-third of the supply-control savings on doubling the CWTflrl1 treatment hutigec; Alternlltiw C spends 
nearly aU the $upply+control $&Vings to treat 100 percent of1he heavy users f!ach year; and AltematLve 0 
treatli 100 percenl or the hell1/}' users each year, with no cut in the supply·ooncrnl budget. EslimateJ an! 
annualized values over 15 projeclion)'(WS using a .. pereent real: disOOUJ1r nue. AU d()i.la,r wIues are ex
p~in lOO2dolim. 

treattnent budget is double. the number of treatments is only three·fifths greater, 
and the percentage of heavy users treated is only four~fifths grearer.2 

Alternatives C and D. the ulOO percent treatment" plans, offer treatment during a 
year to all people who are heavy cocaine users at the start of the year. Beyond this 
poinL treatment most likely cannot go, In fact, it is not at an certain that this level of 
treatment is feasible. Keep in mInd. however. that the percentage refers to the num
ber of treatments during a year divided by the number of heavy users at the stan of 
the year. If a person who is offered treatment quits after only a week or so, and then 
a few months later starts treatment again and this time goes the distance, that counts 
as two treaunents eVen though there Is only one person involved and the first creat· 
ment essentially did not happen. So the number ofseparate people treated during a 
year would be less than 100 percent of the heavy users, and the number of people 
who receive compJete treattnents would be an even smaller proportion of an heavy 
users. Looked at this 'Nay. the "100 percent treatment" alternatives appear mote fea~ 
sible than they do at fim glance. 

2The petCM.ta.ge treated InCreases more than the number of t:reatmentS bteause AltetMUve: B d~ 
the number of heavy users- Aha, the: trearmeru ptlftentage is. of heavy users at the start of a ynr. This 
differs somewhal from treatmerH as a peret!ntage of the: heavy users at the end ofa yeat reported bel<>w In 
Tithle6..2. 

http:petCM.ta.ge
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What do these four alternadve composite plans accomplish? Figure 6,1 shows that ' 
they offer a range of cocaine-consumption Jevels in return for varying amounts of 
cocaine-control mon~, 

If supply-control budgets are cut by Z5 percent (Alternative A), the cocaine problem 
(as mm15ured by consumption) gets worse. but the cocaine-control budger decreases. 
HoweVer, spending about half of the supply-control savings on doubling treatment 
(Alternative B) reduces cocaine consumption below what would occur under current 
policy. Expanding treatment to aU the heavy userS (Alternative C) further reduces 
consumption and uses up essentially all the savings from the supply~contl:'Of CUt, 

Finally. if all the heavy users are treated without cutting the suppJy~contrOl budget 
Wtemative D), consumption decreases even mote, but the control budget is one
fifth higher th~ it is under current policy. 

The composite programs plon~ in Figure 6,} are, of course, not the only alternatives 
to cun'ffit policy. For example. initially cutting supply-control programs by a greater 
percentage would shift point A leftward (and slightly upward) and move the entire 
curve (excepr~r point DJ generally to the left. 

Moreover, even retaining the 25 percent cuts iri supply conuol. there are intermedi
ate plans berv.-een 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 polley [0 the current one, Those plans all offer greater accomplish~ 
ment at less control cost than the current policy does, 
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The left-pointing arrow in Figure 6.2 Indicates a plan that holds cocaine consump-. 
tion at the level obtained under the current control policy while accomplishing a 
considerable reduction in the cocaine-control budget. The arrow pointing straight 
down identifies the plan with the same budget as the current policy-but considerably 
greater success in decreasjng cocaine consumption. 

Finally, the anow slanting to the right shows the consequences of going directly to 
the plan that holds the supply-control programs at current levels and offers 100 per
cent treaunent. Such a plan costs mare than the others-about'one-fifth more than 
the current policy-but it may be the most politically feasible. 

Up to now, this analysis has presenred average results over 15 projection years. 
whlch have provided an overview of the cost-effectiveness of alternative composite 
strategies. However. by themselves they tend to creare the impression that the effect 
of altemative plans is untfonn over the projection years. On the contrary. the differ
ences between alternatives ger larger over time (see Figure 6.3). 

The dashed line in Figure 6.3 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.3 Our model does not attempt to predict 
cocaine consumption in the future under current poIid~s, but rather (via the inci
dence scenaIio), it assumes a future path of consumption under current policies. 

3See Appendix C for II dlscuwon of the indden<:e !>Cenario used throughout this analysis: Incidence is 
ll$$Wlled to decline llneatiytO half ltscurreJl~ level by 2007. 
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Figure 6.3-DynamicsorChanges In Coc:a1ne Consu.a:tption 

The model then prediCtS the quantitative impact of changes in control programs on 
future consumption. 

The solid Unes in Figure 6.3 present the year-by-year consequences of the four alter
natives, The lowest line in the graph s~ows that expanding treatment without cut
ting supply control (Alternative D) can CUt cocaJne consumption by slightly mOre 
than halfby the year 2007. The decrease would be accomplished primarily by reduc
ingheavy-user consumption (see Figure 6.4). 

To conclude this analysIs, we expand our focus to include the other two evaluation 
criteriC:1 considered in Chapter Five-the number of cocaine users and the societal 
costS of cocaine use, Table 6.2 reports our estimates of the outcomes over the 15
year projection period for all three ofour evaluatiot:! criteria, 

Decreasing supply contra) by 25 percent and doubling treatment (Alternative B) 
would leave the number ofusers essentially unchanged from that under the current 
cocaine-control poli'7Y, while decreasing average annual consumption by 20 metric 
tons (a 6 percent reduction). This composite program would save $2.1 billion in an
nual costs ofcocaine control and $3.2 billion in annual societal costs, for a total an
nual ~ving of$5,3 billion. 
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Table 6.2 


Results ofAlternative Composite Plan! 


Composite Plan 

2.5% Cut ' Resrore 
, Supply Double 100% Supply 

�""":________________~c=u~"'c=n=t~c="~~"-~Cn==nttW==~~~I~T~~====~t=rn~)-T=t=u=ttNm==~t{=c=)_c=on~ttW~=(O~) 
Cocaine Usenat Year End (millions) 

Ughtusers 5.J& 5.31 5.39 5.48 S.29 
Heavy users 1,90 l,97 1.67 1.19 1.13 

All U5el'tl 7.06 7.ZS 7.06 6.67 &42 

Cocaine Consumption (metric tons per year) 

IightU5en 86 94 95 94 ,as 
Heat<y users 226 250 199 ll7 103 

All users 314 m 294 2tI ,eo 
Price otCoealneand User Espeudlture on COtaint 

Price (Slgram) 126 101 104 11S 151 
Expenditure ($ bUliousJyearl 39.6 34.6 30.7 24.3 "'.4 

Cn.., 
Societal COSts Qf Cocaine ($ billions per year) 

7.7 '.7 &0 .., 5.6 
Lost productivit)·

To,," 
213 
2!l.O 

233 
.0.0 

19J1 
15.8 ' 

lU 
19.0 

127 

IS' 

COnttoj cost 
5ocietaitost 

Total Cost ofCocaine {Sbillions per year) 

13.0 10:/) 10.9 
. 29.0' 30.0 25,8 "',19.0 

..1.5.6 
LU 

To,," 41,0 40,{) sa7 3l.1 3"" 
,NOTE: Alternative Acuts all three supply-control program budgets by 15 percent; alternative B ~nds a. 
Utird ohbe: supply·CQmrol savings on doubling the cunent treatment bu~t; alternative C spends nearly 
allihe supply control saVings to treat 100 percent ufheavy users each year; and alTernative 0 trealS 100 
percen( of heavy users each year with no cut in the supply-rom:oL budg~t, Estimares ar~ annualired 
values over 15 projection years using a" pe:eenc real discount rare, All dollar v;aJUe$ are expressed in 
1992doilar!, 
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Further expanding treatment to COVer all heavy users (Alternative C) would decrease 
the number of users by 0.39 million and decrease average annual consumption by 
103 metric tons, relative to current policy. The total annual cost of cocaine control 
wallIe! be onlySO.3 billion less than under current policy. but societal cOsts would de
crease by $10.0 billion. for a rotal annual saving of SlO.S billion compared to cunent 
policy. 

Finally. Alrernarive D's,restoration of the supp(y~control budget (treating all heavy 
users without changing the current levels of supply-control programs) would de
crease user counts.' annual consumption. and societal costs even more. However, 
restOling the supply-coonol budget increases control costs mOre than it decreases 
socier.aI costs, so the total annual saving relative to current policy, $8.1 billion. is 
smaller than that under Alternative C. 

Cuts 1n supply control make price decrease enough when changing from current 
policy to Alternative A for user expenditure to also decreas.e: The increase in price 
when moving to Alternatives Band C results from supply~control effOrts being 
spread over smaller amounts of cocaine traffic {as treatment increases. cocaine con~ 
sumption goes down. so a given amount of supply control is more effective per unit 
of supply and affects price more}. But here the price effect is very small, so expendi
tUIe moves in the same direction as consumption. 

Supply comrol 
cut 25% 

Double treatment 

B 

Supply oonlroi 
restored 

Composite program 

Figure 6.S-Effea: ofComposite Cocaine-Control Programs on TotalSocietal CoIIt 
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The alternative plaits affect our three evaluation criteria sirnuarly: The number of 
userS. consumption, and societal cost aU increase when suPplY~COlltrol budgets are 
cut (Alternative A), they aU decrease when treatment is expanded (Alternatives Band 
el, and rhey decrease some more when the supply-control budgets are restored 
(Alternative D), 

However, the total cost to society (the sum of control coSt and sodetal cost) pas a 
different pattern (see the bottom row of Table 5.2 and Figure 6.5). The total cost of 
cocaine to society decreases when supply-control budgets are cut. decreases some 
more when treatment is expanded. and then increases when the supply-control bud
gets are restored. The decrease in the first step arid rhe increase in the final step both 
occur because supply control adds more to control costs thall it subtracts from soci
etal costs. 



Appendix A 

COCAINE SUPPLY 


This appendix presents an overview of the cocaine production process. It conStructs 
both a ph)'$jcal account (metric tons of cocaine produced} and a financial account 
(cost ofproducing the cocaine) in order to explain the factors affecting output price 
(total cost divided by net product}. The appendix concludes with estimates of the 
physical and financial accounts for 1992. 

STAGES OF PRODUCTION 

We divlde cocaine production into six stages, each described by its output: 

• Leaf 

• Coca paste 

• COeaine b&se 

• Cocaine in the soutce cOuntry 

• Wholesale cocaine in the United States 

• Retail cocaine in the United States 

The first four stages accomplish the chemical processing of the original agricultural 
product into cocaine; the last two distribute the cocaine from the source country to 
the United States, and then 'within the United States. nus appendix: and the next de
scribe an six of these stages. FJsewhere in this report, the first four stages are treated 
as a single stage, production ofcocaine in the source countries. 

PHYSlCALACCOUNT 

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

G. qN(;-l) 	 (A.l) 

N(l-I) = 	net-product output from previous production stage, input to current 
production stage. i 
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q. yield factor (ratio of metric tons ofgross product to metric tons of input 
from previous production stage) 

G;; gross product at this production stage 

This gross product. however, doeS not constitute the output of the current stage. 
Some of the product gets consumed in this stage's fomt, and some is lost through 
seizures by supply~control programs. Consequently, the netproduct 'available to be
come the input to the following production stage is gross product less consumption 
less seizures: 

N(t). G-C-X (A.2) 

, 
C := consumption oflhis stage's product 

X:; seizure of product by supply~conttol programs 

N(i) :;: net product of production stage i 

FINANCIALACCOUNT 

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 ofconverting that input to 
gross output. including all capi~ labor. and material costs (the second lenn ofEq. 
(A..3D. plus the cost to producers of supply-control financial sanctions l (the third 

"temf of Eq. (,A.a)}, minus the offsetting revenue from consumption of this stage's 
product' (the fourth term ofEq. (A.3)): . 

P(t-I) ]
T= P[t-l)N(t-I)+K(x)G+.S(X)~ -q-+K(x) C (/1.31[ 

P(i-I) :: price of input (price ofnet product from stage i-~) 

K:: proc~ssing cost per unit ofgross product 

S :: financial sanctions 

T = total producer cost of this production stage 

Note that the level offinanci8J sanctions. S, is specified in Eq. (A.3) as being a func
tion of the level of tocame seizures, X. In fact, as Appendix B elaboratesl we assume 

IThe: flnancta! ~coon$ inClude l1m.l:t teiwrt$. the COSt w producers ofdnlg dealer and agent lU'l.'t!$tS, and 
the costs to producers ofdrug dealer and agent imprisonment. 
2The priCe of tbt product sold for consu~ption is assumed to just 'l:overthe cost ofpmduClion (purchase 
ofl.nput from previous production Stage plus processing Cost). 



that as cocaine seizp.res increase, each comp.onent of financial sanctions (asset 
. seizures and arrest and imprisonment of drug dealers and their age-nes) increases 

proportionarely. This "fixed factor" specification of the direct effects of supply con
trol is an approximation to a more complex model that would include varying pro
ponions. For example, the interdiction model of Caulkins, Crawford. and Reuter 
(1993) has cocaine seizures arid financial sanctions varying in different proportions 
as drug smugglerS adapt their strategy to the level ofsupply control.' 

The processing cost factor, K. is also specified in Eq. {A.3) as a function (nonlinear in 
this case) of the level of cocaine seizures. X Again, Appendix B provides the details. 
In summary. as cocaine seizures and financial sanctions increase. ct;lcaine suppliers 
seek ways to limit those damages. The re\ised supply strategies add to processing 
costs, in return for holding the seizure and sanction losses below what they otherwise 
would have been. 

Price ofNet Product 

The price of the net product from a production stage is the total cost divided by the 
net product, This equation uses our assumption that each stage of the cocaine sup~ 
ply process is a competitive market 

. T
P(1)= (A.4) 

N{il 

As Appendix B describes in derail. this analysis considers the amouot of product 
seized. X, the financial sanctions, S. and the processing cost per unit output, 1:. 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 ofgross productioo, G, for 
the given production stage. Using B ro.indicate that functional dependence and ex~ 
preSSing inpuTS and gross product in tenns of net product {by solving Eqs. (A.l) and 
(A.2) to get G ~ NIiJ + C + Xand N (1-1) .IN(i) + C + X1lq) reveal, the overall depen
dence ofoutput price on the supply-control budget: 

(A.5) 

This equation shows that the output price from a given production stage is unam
biguously an increasing function of the supply-control budget at that stage. 

Dividing each tenn of the numeratOr in Eq. {A.5) by the net product, Nfl), shows that 
the pri<:e, P(i). equals a first term that does not vary with the net product plus a sec
ond term iliat decreases as the net product increases (provided the effect on X of 
gross production, G, is not too large. which is the case with the paramerer estimates 
used in this analysis). Thus, holding £he supply-control budget constant, an increase 
in the net product causes the price of that product to decrease. In other words, the 
cocaine supply curve slopes downward: 



P(I-Il '[ I.:..;;;.....::+ KIPIl' C+ X(8I, GI) + SIP!! 

PW =[P<iq-Il + K(Bllj+>-.:;q'----"------- (A.6) 
N(~ 

This phenomenon of the downward sloping supply curve for cocaine is discussed in 
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· jndividual firm supply 
curve {which cannot have a down~rd slope in competitive markets).:3 Increasing 
the net product in the second tenn of.EQ.. (A.S} amounts to spreading the supplyw 
control costs to the producer over a larger volume of business. so the effect on price 
is diluted. 

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 aU our policy analysis starts, with 
policy changes affecting projections foryears 1993 onward. Some of the information. 
however. comes from earlier years. Where possible and appropriate. related trends 
are used to update the earlier-year information to 1992, In particular, all prices and 
doOar values have been adjusted into 1992 doOm, using the CPJ. No updating was 
done in the estimates of production yield factOrs (metric tons of coCaine per metric 
ton of cocaine base, for exampie}. Those factors were obtained from 1988-1990 co~ 
caine production accounts in ONDCP (l991b}. The leve! of cocaine production has 
been fairly constant over the past few years (Holmes. 1993), so using prior years' data 
to estimate supply characteristics in 1992 is n.ot unreasonable. 

The supply accounts begin v.ith coca leaf production in Bolivia. Colombia. and Peru 
(Table A.I). Up·to~da{e 1992 infonnalion was obtained from the International Nar
cotics Control Straregy Repon (Bureau of International Narcotics Maners, 1993), 

TableA.l 

Somce-CGuntry CcH::a Leaf Production: 1992 

Aiea Cultivated Ai!!a Er;ldjC<lted .\iea Har'leSted 
Counay (hecm..) <"""""') (_l 

Bolivia S(I,64S. 5,149 45,500 
Colombia 38,059 31,100,.. 
Pe", 1~.100 0 129.l00 

To"" 217.800 6,100 211,100 

SOURCE: Bureau ofInternarional NarcoriC5 f>ianers (1993), 

3See also the extensive discussion in Cau.Lkins om. pp. 287-293), 

"""'Loaf
Ha<vo,"", 

(m!!:'t'rlc tons) 

00.300 
",GOO 

m,!!OO 
333,Il00 

10.000

•10,000
".000 
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The physical accounts for the six production Stages ITables A.2 through A5 and A.7 
through A.S) trace this coca leaf Ibraugll to the United States retail marl<et by multi· 
plying by yield factors and sUhtracting consumption and seizures at each stage. !he 
product-seizures estimates are from Appendix B. 

The financial accounts in these tables add processing costs and financtal sanctions to 
jnpu[ costs to get row cost. After any revenue from con$Umption at the given stage 
is subtracted. we have the total cost of the net product transferred to the next pro* 
duction stage. 

These initiai four stages in the production process are analyzed as a single, compos~ 
ite sTage in this analysis. Accordingly, Table A.6 consolidates Tables A.2 t.hroughA5. 

RETAIL PRICE TRENDS 

The real price of a gram of pure: cocain~ in the U.s~ retail market has decreased by a 
factor of 6 during the past 16 years. from an estimated $756 in 1977 to $129 in 1992 
(see Table A9). This dramatic behavior becomes apparent, however, only after the 
ohsen'ed prices have been adjusted fur varying degrees of purity over time, and for 
background price inDation in the economy, 

TableA.2 


Production or Coca Leaf. 1992 


'tern Amounl 

Areactrltivated. hectareS 
Area eradicated. hectares 
Area harvested. hectares 
Yield fac:tor, metric tons lea!fhectQfi'! 
GroS$ produCt, mel'ric tons otlea! 
Consumption, metric tons or led 
Seizl.ue. metric oonsofleat 
Ner product. metric IOns or leaf 

217,OOB 
6,100 

211,700 
1.5768 

333,800 

239 
313,561 "'

Production CI)S1 per urur, $: millirua per metric tonot gross produtf JXI2.30 
Production cos!. S milllOM 768 
Revenue from consumption, S millions 46 
Financial sanctiOn, $ n\..iJ.lloru: (} 
Total cost ornet product, $ millions 722 
Pril;eof net produet. S millions per metric tons oneal 0.0023 

SOURCES; ONOCP (l991b), ONOCP (l992b}. BUTeau of International Nat"C1:Idcs 
Mattern {l99!}. and Kennedy, Reuter, and Riley {l994). All OOUu amounts in 1992 
doUm. 
NOTE.: Consumption estimate and yield factor from Table A.I. Coca leaf seizure 
from Table B.1. 'p(lce of net product from Kennedy, Remer, and Riley {1994}. 
Production COSt estimated as total 'COSt of net product plus revenue frOm 
consumption, .. 
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TableA.3 


Conversion of Coca 1.eafto,Coca Paste: 1992 


I.... Amount 

Physical AccOunt 

Input from previous stage. mttrk: tOI1$ ot leaf 313,5610._
YIeld factor. metric tons. of paste per mettle tons or leaf 
Gross product. metric tom: of paste 2,573 
Seirure, metric tons of paste I 
Net product, meGic oot'!sof paste 2,572 

Financial AcooW\t 

Couotinput,. $ millions 722 
Processing CQ$f per unit. .$ millions per meoic tOfU: of gross 

product 0,1&$1 
~cost,SmilJjolU 435 
Flnanclal sanction, Smillions 0 
Tola! COst ofner product, $ millions US1 
Price ofnetproduet. $ millions per metric rons of paste 0,45 

SOURCES: ONDCP (l991b, 1992bl, Bl.Ift!su of Intemation.:d Nucotics 
Matters (l993), and Kennedy, Reurer, and RUer (1m). All dollar amounts 
in 1992dollm.. 
NOTE: Yield Ca.:::tor from 19a8-1990 production accounts in ONDCP 
Cl9'91b. pp.30-32}. Paste seirwe from Table 8,}. Prleeofnet produetfrom 
Kennedy. Reuttr, and RlIey (1994). Processl.ngCQ$l esrlmatedas a residual: 
total cost of net produet le$$ COst otInput and financial.5a1lC'tlon. 

Tabl-eAA 

Convmlon ofCoat Paste to CocaIne Base: 1992 

Item Amount 

P~Accoum 

Input from previous stage. metric toM of pasce 2572 

Yield factor, metric tons ofbast per memc ton of paste 0.3622 

Gross prOOuc. metric tons of hue 932 

Selnu'e. metric ton, of base 21 

Net product. metric tons ofbase 51l 


Cost ofinpu!. $ million HS7 
Ptoct!'ssiJ'lg cost per unit. $. miUionli per metric: Ion of gross 0.6351 

produ" 
Processing COSt, $ million 592 
Finaru:ia1sanction. $ million o 
Total cost of tiel product. $ million 1749 
Price of net product. $ millions per metric ton of base 1.92 

.SOURCES: ONr;x:P (l991b, 1992b), Bureau of International Narcotic! 
Matter$ 0993}, and Kennedy,' Reuter, and Riley (1m). All dollar amounts 
in 1992 doUm. 
NOTE: Yield factor from 1988-1990 production accounts in ON'OCP 
(l991b, pp, 311-32). Ba$t seIzure flOm Table».!, Prtceafnerproductfmm 
Kennedy, Reuter, and Riley (1994). Proceuingcost estimated;u afftidual: 
rotal COSt af net product less coS! of input and financial sanction, 
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TableA.5 
Conversion ofCot:a1ne Base to CocaIne Wholesale in 

Sot..trteCountry: 1992 

Input hom previous stage. metric tOIlS of base ..911,..Yield factor. metric tons of cocaine per metric ton ofbase 
Gross product, metric rons ofroeaIne 
Consumption,- metric tons of cocaine "ii'213 
Sei1w'e, metric tons ofooeaine '00 
Net product. mettic Ulns ofcocaiM: . 	 531 

FmancialAccount 
. 	Cost ofinput. $ millions 1,749 

Processing cost per unit, $ millions per metric ton Of gnl$$ product 1.313 
Processing cost, $ millions lUI 
Revenue: hom consumption, $ mIllIons 
financial &anction, $ millions ""'01 
Total cost ofne'( product, $ millions 2,368 
Price of net product, ,$ mlltlons per meDic ton of cocaine 'At 
SOURCES: ONDCP (l991b,l992b}. Bureau of International N0m)ti~ Mattmi il993l, 
and Kennedy, Reuter. and Riley {l~1. An rlQUar amotlnn: in 1992 dollars. 

NOTE; Yield tactor from 1988-1990 production aecounts In ONDCP {l991b, pp, 3iJ..32}. 

Cocaine seUtm from Table B,I, Financial sanction from Table B.lO, Pri~ of net 

product from Kennedy, fi£uter. and RIley {l994i}. Processing COlt esdmated as a 

residual: total cost of net product plus leorotlue I'1llm consumption leu CO$[ of inpUt 

and financial sanction. . 

IIlncludes conswnpdon in source countries and consumption in non,U.s. desrlnation 
marketS such a, Europe, estimated as 25 percent or glon production in $ouree 
counni~ (5eI!:QNOCP, lS91b. P. 36-31i. 

TableA.6 

SummaryofSource..country Produetion ofCoealne for the United 

States Market: 1992 


lrem 	 Amoum 
Physical account 

.Gross product, metric tons ofcocaine 	 6S4 
Sei.zure,i.metric ronsof' cocaine 	 117 
Net product. memc lon, of eocaine 	 . 537 

Financial account 
Input COSI perunit, $mUllons per:rnetric ton ofproduet 	 2.QS{) 
Processing COSt peruni!, $ millions per metric ton of produet lA01 
Ptocessmgco$t,$milllons 	 '920 
Financial sanction. S mWions. 	 107 
Total CO$( ofnet product, $nWlions 	 2,368 
Price of' net product, $ mWions per meciie Ion ofcocaine 	 4Al 

SOURCES: ONOCP il991 b, 1991b), Bureau oflntemiuional Narcotics Maners {l993;). 
and Kennedy. huw, and Riley (1994), AU doUaratlloums in 1992 doUm. 
NOTE: Yltld ractOr from 19sa.-1990 production accountS In ONDCP (l991b, pp. 30
32). Cocaine $eizurefrom Table B,5, Finandal sanction from Table lUG, Prteeofnet 
prodUct from Kennedy, Reuter. and Riley {l!J94)' Processing COO etfimated as a 
residual: rotal CQ$t ofnet prodUct less costofinput and finanCial sanction. 

i.fndudes seizure! from previous stages. transformed into cocaine equivalents 
(seizures at eaCh stage multiplied by the product price at that stage. summed, and 
then divided bywSGulce,countryprlee of cocaine).- , 
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TableA.1 


Transportation ofCocaine to the United States: 1992 


Irem AmOUnt_ 

Physical A<:COllnt 

. Input from p!'e"liol.l$ s~, metric tons of«lcaine 537 
Yield wor> metric tollS ofcocaine per metric ton of cocaine 1.0 
Gross product, metric tons of cocaine 537 
Seizure. metric tom otcocaine 
Net product. metrit;: tons or~ne 443 

Finimcial Account 

COSt of input, S millions 2,368 
Ptoa:!sslng COSt per unit, $ millions pet metrif; ron of gro" 

prottuct 8.853 
Processittg tust. Ii millions 4.754 
Financialsauct.lon, Ii millions 409 
Total cost ofnet product. $ millions 7.531 
Prl~.of net product:, Smillions permetrtc ton of cocaine 17,01) 
SOURCES: ONDCP (l9S2b),' and Kennedy, Reuter, and Riley (l994). All 
dollar amountse.xpm~ in )992 dollars.. 

Nore COcaine ~i:ture from Table B.5. Financial tanction. from Table 

B.lO. Price of net product from Kennedy, Reuter, and Riley (1994). 

Processing cost estimated as: a midua1: total COSt of net product less cost 

of input and tlnanclal sanction. 


TableA.ll 

Retalllng Cocaine in me United.StaleS: 1992 

Item Amount 

Physical Aceount 

Input from previous stage, metriC tons of cocaine 443 
YIeld factor, metric tons ofcocaJne per metric ton ofcocaine fA) 
GroiS produa.metric tons ofctICIline 443 
Seizure, metric tons of cocaine 152 
Net product (consumption), metric tons of cocaine 291 

Financial Account 

Costofinput,Smillions . - 7,531 
Processing COSt per unit. SmillWru per metric ton Ofgross. product 51.53 
Processing am, SmiJJions 23,004 
FinanCial s.a.nction, S milliOns 7.{l62 
Totll COSt OfnetproduCI, S mlliions 37,598 
Priceof net prodl!ct, 5: millions per metriC ron of cocaine 129,,2 

SOURCES; ONDCP {l992b}, Godshaw, Koppel. and Pancoast 0587}. and 
.Kennedy. Reurer, and Riley (l994}. AU doUar amounts expressed in 1992 
do~~ . 
NOTE: Cocaine seizure from Table 6..5, FinanCial sanction from Table IUft 
Pr1ce of net product from Table A.9 below. Proce$sing cost e.stintnted as a 
~ual: total COit ofner produetles:s COSt of input Il11d financial sanetlon. 

http:TableA.ll
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TableA.9 

Derivation of the Retall Price of Coc:aJ.ne 

y"", 

1017 
1913 

Price per Gram 

136.8 
13&0 

Perctmt Purity 

42.5 
42,5 

Pti(;e per Pure 
G..m 

326.7 
.124.7 

Consumer Prict 
Indu (191U=-JOO} 

"'.65,2 

Real Price (1992 S) 
per Pure Gram 

75s.a 
696.3 

191' 
I'" 
1981 
.962 
'983 
'964 

ISS,:! 
154.7 ,.... 
151..2 
152.7 
151),9 

45.5 
493 
".I) 
49,9 
53.4 
5'.1.5 

331,0 
313.8

""'.315.0 

ZJ!S.' 
253.6 

72.•.... 
".9"'.100.0 

t03.9 

650" 
533.' 
455.9 
457.7 

'00"
><2.1 

1985 
'9&; 

'98'
'988
"89 
199. 
199, 
'992 

129.4 
U9.0 
119,6 
IOU 
.OB 

125.5 
112..2 
104.0 

51.8 
5'.1.8 
75.3 
'83 
'M 
74,8.... 
".5 

249.8 
'98.9 
156.9 
133.1 
124,f1 
167.8 

'38-'
129.2 

107.6 
109,6 
lll.6 
lla3 
124.0 
130.7,,.2 
'40.2 

325.5 
254.' 
''''I 
157.8 
141.2 
IBM 
142,8 
'29.2 

SOURCE: Price and purll)' data fnlm !he DU's Symem to Retrit'\'f: Information from Drug Evidence 
{STRIDE), See caulkins (1993) for the methodolcgy usOO ro COnsttuC1; the~ fur pntepe! gram and 
price ptr pure gram. Adjumnent to 1m dOllars based on the CPI from the January 1m Economic: 
ftepon to the President. 

There are at least three plausible explanations 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·error 
experimentation. 

• 	 There are economies of scale in the cocaine supply business. and production 
costs have dedined as the market has expanded:. 

• 	 The cocaine market has expanded faster than supply-control penalties have in
creased, so the penalties have been spread over a larger volume of business, reo 
suIting in a decrease in the additional charge per unit of product necessary to 

compensate for the penalties. 

AU three explanations presumably contribute to the rotal decrease, but whether this 
is a complem list and what proportion each explanation contributes is not known. 
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AppendixB 

SUPPLY-CONTROL PROGRAMS 


The direct res'ult of supply-control programs is to increase the price of cocaine, The 
indirect result (and ultimate purpose) is to reduce cocaine consumption (through 
current users reducing their consumption in response to the price increase and the 
number of future users decreasing as inflows ofnew users decrease and outflows of,
existing users. increase in response to the price increase). , 

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 re· 
placement cost of the seizures. Additional price increases occur to cover the costs of 
"financial sanctions" imposed on producers (seized assets and arrests and impris
onment ofdrug dealers or theiT agents), Finaily, cocaine producers do not passively 
accept producr seizures and financial sanctions. They actively take precautions,ro 
avoid the supply-control penalties to the exr:en~ possible. Those precautions increase 
the processing costs at each production srage. 

PRODUCER COSTS IMPOSED BY SUPPLY-CONTROLPROGRAMS 

Supply~conttol programs seize product. impose financial sanctions. and affect the 
processing cost. The firs.t two effects are direct program influences; the third is indi
rect in thar processing costS increase as producers. adopt prodUction strategies that 
reduce their exposure [0 the direct suppJy conaols, 

Processing Cost 

Processing COSt is assumed to increase as the ievel ofsupply-control activity (indexed 
by product seizures) increases. The follOwing specification'includes the extremes 
where supply conttol has no effect on processing cost (h ::; O) and where processing 
cost is proportional ro the level of supply conttot (h:; 11. 

(B.I) 


K::; processing cost per unit of gross outpur 

K" :; processing cost in reference situation 
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" 
x = product seizures 

X" :: product seizures in referenCe ,siruation 

If :: 	elasticity ofproces.sing cost with respect to product seizures (percent 
increase in processing cosr per 1percent 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 financlal sanctions is modeled as being proportional to 
the level ofproduct seizures through a sequence of multipliers. For example, the cost 
ofprison equals product seizures times arrests permetrlc ton seized times cell-years 
of imprisonment per arrest limes the cost to producers perceH-year of dealer impris
onment: 

S;::: A.sselSanct+ AlTestSanct+ PrimnSanct 	 (B.2) 

S = 	 financial sanctions 

AssetSanct::= cost to producers ofassets seized along with product 

AtrestSanct;;;;; 	 cost to producers ofdrug dealer arrests along with product 
seizures (increased wages paid to dealers to compensate them 
for the expected number ofarrests theyv.1U incur) 

PrisonSanct;;;;; 	 cost to producers ofdrug dealer imprisonment (increased 
wages paid to dealers (0 compensate them for the expected 
number ofyears theywiU spend in jall orprisonJ 

As$etSanclRace ;: $ millions ofassets seized per metric ton ofproduct seized 

ArrestSancr =X(ATresrRate)(A1T'CJrSanctRare) (B.4) 

ArrestRale ;: arrests ofdrug dealers per metric ton ofcocaine seiied 

Arrt$tSanctRate ;; 	 cost to drug producers ofdrug dealer arrestS: $ millions per 
arrest 

PrisonRQle ;; ceU~yearS of impnsonment ofdrug dealers per arres·t 

PrisonSanccRate :; 	cost to producers ofdrug dealer Imprisonment ($ millions per 
cell-year) 
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PUBUC COST OF SUPPLY-CONTROL PROGRAMS 

Turning from the discussion of how supply controls achieve their aim of increasing 
the cost ofdoing business for drug producers, we now consider the other side of the 
coin, i.e., how much the public must pay to establish the supply controls. 

Total eost 

Total public cost is the cost of seiZing product (including the COSt of seizing assets 
and the immediate cost of miling drug 'dealer arrests which occur along 'With the 
product seizures), minus the deposits in the Assets Forfeiture'fund generated by the 
asset seizures, plus the coun costs of processing arrests of drug dealers and the Jail 
and prison costs of incarcerating convicted drug dealers: 

B=[Z- V+A+ylX 	 (B.6) 

B :::;:" total expenditure for supply control at a given production stage' 

X :::: cocalne seizures 

Z '" seizure costs per metric ton of cocaine seized (includes costs ofseizing 
assets ~nd ofarresting drugdealers: excludes costs of processing arrests 
through coun system and COSts of jail and prison time) 

V = value to public ofseized assets (i.e.• salvage value or realized value) per 
metric ton ofcocaine seized 

A :; cOst of processing arrests pet meDic ton ofcocaine seized 

}' = 	imprisonment cost of drug ~ealers per metric ton ofcocaine seized (the 
cost of the ceD year$ resulting from the arrests that lead to convictions 
and sentencings) 

All the!:e costs are specified per unit of product seized in the reference case, then a 
diminishing productivity effect {where marginal productivity is Jess than average 
productivityl) is assumed to operate .across all types ofcosts: 

(B.7) 

x,. =- cocaine seizures in reference situation 

Ito see why mean be Inlerp~led as the rnDO of the marpnal rroduttivity of the supply-control budget in 
generating product seltures. to the average productivity (I the supp!y-cormol budget in generating 
product ieuure.s.let Jt be me fim fat'tOf In Eq. (lUI), note lhat udoes not vM)'wtm the control budget. and 
lhendif.ferentiate With respect 10 the conO'Ol budget, B.m find: 

X(B) ... :tlJ!'f; X' (BJ "', mull'" ~ I; X' (BJ II< m ( X~Bl ] 	 \ 
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m = 	 diminishing~productivityparameter (ratio ofmarginal productivity of 
supply..control expenditure to the average productivity, 0 <: m <: 1) 

Control Level asa Function ofControl Budget 

In this analysis, all e<>nrrol activities (at a given production stage) are assumed to be 
driven by the amQUnt of product seized at that stage. Therefore, knowing product 
seizure as a function of c.ontrol budget enables us to determine,ail control actMties 
as a function of the control budget. This relationship enables a single policy choice 

. (the supply~control budget) to determine all supply-control intervention at a given 
production stage. Solv:lng Eq. (8.7) for the amount seized as a function of the control 
budget shows that product seizures are proportional to the control budget raised to a 
power that is the diminishing-productivity parameter: 

(8.8) 

Cost ofSeizing Product 

The cost of seizing product at a given production stage depends in pan 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 located the 
cocaine so that amount seized depends only upon the Jaw enforcement resources 
aevoted to the targeted locati.ons. seixure cost:; depend on the proportion seized 
when seizures result from random searches, For example, if a certain number .of 
dollars allows one to (successfully) se~ a certain fraction of incoming vessels or 
containers. then doubling the amount of cocaine coming into the United States 
would also double the amount ofcocaine seized. However. the tOtal cost of seizures 
would remain essentially unchanged because licit commerce in those vessels or 
containers swamps illicit commerce, 

. We model this COSt relationship as a weighted average of the two costing principles, 
where 1 - P and p are the wejghts. If p=0, the first prindple holds exclusively, and 
toral seizure cost, ZX. varies with the amount o{cocaine seized. X If p= 1. the second 
principle holds exdusively. and seizure cost varies with the proportion of gross pro
duction of cocaine that is seized. XlG. When 0 <: p < 1. total seizure cosr varies with 
both the amounr of cocaine and the proportion of gross cocaine production that is 
seized: 

(8.9) 
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W = m:erage seizure cost per unit ofproduct seized in reference situation 

p ::: fraction oftota! cost due to relative size ofseizure {as opposed to 
absolute size) 

G = gross product 

G* :::; gross product in reference situation 

, Dividing both sides of Eq. {B.9} by the amount seized, X. gives the average cost per 
metric ton seized as a function of the Weighting factors between the [WO cost princi~ 
pies, p. and the level ofgross production. G: 

(8.10) 

Other Cost Factors 

The remaining cost factors in Eq. (Ra) are modeled as srraightforward products of 
muitipliers. Not surprisingly. many of these muitipliers are the same ODes used In 
the calculation of the cost to producers. In fact. in general. only the last multiplier in 
a sequence changes: 

V. (AsserSancrRme)(For[elrRnre) 	 (B.11) 

FoT/eirRate :;: 	 proportion of asset seizures salvaged (forfeited to government, 
as opposed to being destroyed) 

A e (AJTestRare)(AJTesiCosrRnre) 	 (B. 12) 

ArresrCostRate:::; 	 pubJic COSt ofprocessing drug dealer atTests ($ millions per 
atTest} 

Y =. (ArrestRare)(Prl5imRare)(PrironCostRare) (B.13) 

PrisonCoslRate =: 	 public cost of imprisoning drug dealers ($ millions per ceU· 
year). 

PARAMETER ESTIMATES 

The parameters 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 19XX behavior holds true today," However, rather than 
burden th~ exposition with repeated cautiOns. su~h qualifiers are taken as given. 
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This analysis reports amounts ofcocaine products in meDic lons% (1,000 kilograms or 
1 million grams) and usually states dollars in millions. this convention has the 
fonowing useful feature: The cost of cocaine ~tated as millions of dollars per metric 
tpn in discussions of supply is numerically the same as the cost stated as dollars per 
gram in discussions of retail price. 

Seizures and Arrests 

TabJe B.l presents estimates of cocaine product seizures, drug-production asset 
seizures. and arrests of drug dealers and their agents, accomplished through soun:e~ 
country controls in South and Central America during 1992. This infonnation bas 
been assembled in the Internarional Narrotics Control Srraregy Report (Bureau of In-, 
remational Narcotics Matters, 1993). The pacallel infonnation on interdiction and 
domestic enforcement is combined in Tables B-2 through B.S. 

Tables B.2 and B.3 estimate arrests ofdrug dealers and their agents accompJished by 
interdiction and by domestic enforcement. Table 8.4 combines the infonnation in 
Tables 8,1 and B.3 to determine the number of arrests for cocaine dealing by pro~ 
duction stage, . 

Tables a,s and B.6 present estimates of the amount of cocaine seized and the value of 
cocaine~producing assets seized during 1992. 

TableB.l 

SOurce--Countty Se1zures and Arrests: 1992 

Seizl.Q'1l:S (metric tons) 

""mit Vehicles 
Coun..,. WI Bue . Coaoine ..- Sel%ed 
B<>li". 189 . """" 1 .. .. 1,221)""""" 
Colombia 32 o. 0 1.700 
Equado, 0 22 '" • • • 0 "'115 

0 I 7 ·0 7 0 3.707""" 0 0 0 1.ll2ZVenezuela 0 3 0 
Costa RiCa 0 0 525• 1., • •Guruemala 0 
Honduns ,1.462• • • , • •
Me>iro 0 39 0 0 Z7.S7'/- "" 

• • 
10 65' 

Tom! • •I 21• 103 65
• ..• 3,9851 

SOURCE; Bureau orlnremational Naroooa:Manm (1993]•. 

ZTO COnvert ttlllS {2,OOO poundsllnlO meDic tons. multiply by 0.9072; to conven pounds into metric tons. 
divide by 1,(}()0 and multiply by(lAS36, 

• 



TableB.2 

TotaJAmlSts {OJ' Drug Abuse Violations: Unfted Stales, 198&-1991 
(In thousaJld.>j 

,,..Item 1986 . 1900 '991''''''"'" ArrestS for Sale or Manufacture 

Heroin/cocaine 10.4.7 1322 1960.4 26<),1 m.' 2273 
Marijuana .~, GS.' ".7 8... 66.5 61.6 
am., 37.1 44.1 55.' "'7 ..~ 46.5 

Totol 206.8 241.8 316.6 3.43 337.4".2 
Arrests tor Possession 

Heroln/roca.ine 231.6 2953 ,03.2 "2.5 362~ 331.3 
Marijuana 296., 313.1 :12<.9 314.6 260.4 226.2 

89,0 "'2 ...~ 133.4 122.0 115..1""''' ToW 617.3 695.6 038.7 920.5 145.2 fil2.7 

SOURCE! Federal Bureau of Investigation (1987 lhrough 1991. [1m twO tables in See. IV. 'Persons 
Arrested"'). 

TableB.3 

ArtestsfoJ' SaleorManufactureofDmp! Unfled Stal9,1991 

Nwnbe< 
Drug (thousands) Pertent 

Cocaine 19U1 51 
Hemin 35.5 II 
Marijuana 61.6 18 
Other 48.5 14 

Tom.! 337.4 100 

SOURCE: Table B2. OFA (1990), 

NOTE; TotJtl3.l'R$t'$ for heroin andco;;:ainealkJeattd in proportion 

to DEli at1't'$t'$ for heroin and cocaine dunng 1990 (~ DfA. 1990, 

pp, 79. B7) , . 


Tab1e 1i.4 

Arrests o!Cocalne Dealers and Agents: 1992 

Production Stllie 

Domestic enfo~ 
Interrlictionb 

SoUl'Ce' counur 
SOURCE: ONOCP {1992b. e5timatCS for 1992), Bureau of Ju.mee 
Statistics (1992), Godshaw, Koppel, and PanCOU1 (1987), B\Heau ot 
lntemanooal Narmtic:s Matters (1993). 
liThe 191,800 tOW U.s. arrests I'or(.()(':aine selling In 1991 {seeTable 
B.3), minus the MOO attributed below to inrerdictkln. 
I>rhe sum or7,S55a.rrnm: by the INS (ONDCP.l992b, p. 116), with 
57 per<:eot amibuttd to wcaine (assuming thaI arrests by this 
agency are distributed across drugs In the mne proportions as aI.! 
arreSlS. see Table- B.31. and 150 arrem by the US. Coast Guard 
fONDCP. 1991b. p_ 161). with 75 ~ntattribu[ed tocrn:aine, 
"rhe rural of 39.soo arrests In South and Central America {~ 
Table B.l}, with 50 p!':.t'tlmr attributed ro cocaitw. 
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Production Stage 

Domestic en10rcemenr 152 
lntetdleuonb 94 
Source.cowmyrontrolc 1J1 

SOURCE: ONOCP (l992b. estimates to. 1992), Bureau of lusti«: 
Statistics (l992). Godshaw, Koppel. iIlld Panroan (ta87l. Bureau of 
Inremational Narcotics Matters Uggl), ' 
4The sum of 68 metric. tons removed from the domestic martm by 
DEA in 19~n (Buteau of Justice Statistics, 1992. p. 432. 149.4 
thousand pounds times 0.4536 metric tons p1!!r 1,000 pounds).lUld 
IW menic tons seized by Stllte, county, and muniCipal police 
(Godshaw et al.,1987, p. 126, la7 metric tons times 2,17 to adjuSt 
from 1'JB6 to 1992. where 2.11 is, the ratio of heroin mests to 
cocaine arrestS in 1991, the latest available year, to those in 1986. 
see Table 8..2). . 
I>rhe sum of 78 metric tonS selud by 1.he U.s, Customs Sftvice and 
16 metric tons seIzed by the U.s, Coa.n Guard (ONOCP, 1992b, PI'. 
161.11tH. • 

'Bures ...! of !ntemath;mal Narco~i;:s Maners (1993). Includes 
cocaine equivalent-m financial hlUm done ttl producer»-Ofleaf, 
paste. and base seizures; see Tabres B.l and A.Z Uuoug.h A.5. 

TobIeB.6 

Seizures ofCoca1ne-Production Assets: 1&92 

Oomesticenrorcemem3- 512 
lnletdlctionb 254 
Source.countrycontrolc 1 

SOURCE: ONOQ> (I992b, estirnatl5 for 1m), Bwt!au of Justice 
5ratistia (1992). Godshaw, Koppel, and Par;wasl !l987}. Bweau 
oflntemational Nan::otiCs Maners (1993), 
NOTE: Tbele asset values are the Ioues 10 drug producen; due to 
asset seizllres, Only a part of these: losses is reall:ed as a gain to 
the public {see Table B.S}. 
*The sum of $434 million in wets seiU:d by OrganiU:d Qime 
Drug Enforcement tZ$k forces. $307 million i.n IWetSseit.ed by the 
Drug Enf~tAdmJnimation (aIJ DEA asset seizml)$ prorared 
by domestic enforcements share of tile OEA budget}, and ItS7 
million In anets seized by the federal eureau ot Investigation 
(ONDCP, 1992b, pp. 94,?9, and 12l) times 57 percent attributed to 
cocaine (the proportion c: drug dealer arrests that are for coc:al.ne; 
seeTabieB.3), 

bseizures of al.raaft and vessels roNDeP, 1992b. pp, Hi!. 176), 
~ to C»St producers $100,000, and ofvelUcles, Wl.lmed to 
ct'l$1 producers $15,000; 57 percent of U.S. Cusfoms ServiCe 
seizures and 75 percent of U,S. CUStoms $l!irures attnbuted to 
cocaine. 
'Seizures of aircraft and vessels {Buteau of Intemadonal Narcotics . 
Macten, 1S93}. assumed fO C05' producers $100,000. and of 
vehlclt$, assumed to cost ptodl.lrers $15,000: 90 pe«:ent of 
selnnn amibuted to cocaine. 
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Public Cost of Supply Control 

To estimate the total public COSt ofcocaine supply control programs requires calcu~ 
lating the total of federal agency budgetll, .tare and local agency budge", coun bud
gets, and jail and prison budgers. Table B,7 estimates the agency expenditures, then 
Table B.S adds me c;:ouns and corremons expenditures. 

Table B,9 expresses agency budgets, arrests, and asset seizures as amounts per met~ 
ric ton ofcocaine seized. the form in which this information enters our m~del. 

TableB.7 


Agency Budgets rorCoat.ine Control 


Organiurl Crime Drug Enforcement3 172 51 .. 

High-Intensity drug tra!fid;lng areas 86 51 .. 

DBA: doltl.esticb ,.. 51 142 
Federal Bureau of lnw$tigation 205 51 117 
Slate and local poticec 10,202 5,814 

To,," " ',220 

Inlerdk:tion 

U.S. CU.'>lOms SerYice 1.. 57 441 
Immlgttlrlon and Nanwliz,ation Servk.e 141 51 .0 
Fedl!1'1d AViation Admminration 7; 17 
U.s. Coast Guard 	 .,. '" 7S 321 
Df!panmentof~ 	 1,135 15 

1,72>T""" 	 "I 
Bureau of fnlm1U'll'ionaJ Narcotia Maners 145 l3l 
Bureau of PoliticofMlliw'yAft'airs 7S '" .. 
DEA: Inll!m3tiona!C! . 461 90 415 '" 
Agencyfor lntemational Development ZS8 90 232 

To,," 845 

SOURCE: Office of Management and Budget (I993, actual 1992 budgetS), Godshaw, Koppel, and 
Pancoast (1987, p. 119). . 

NOte: The proportion of domestic enforeemenr budgets5pent on cocaine (57 ~entl estimated by the 

proportion of all U,S arrestS ror the sale and manufacture of drugs that are for coca.i.ne {se-e Table B.3J. 

Customs and Im.mJgration are assumed to be 1ike domutic enforremen'L Other interdiction efforta ate 

asSumed 10 be more focused on oxaine (75 pe:ctnt) and international clforu ~ to be dominated 

by roc:aine i'9a pment), ' 

aOCDE budget less DEA and FBI contributions (to avoid double counting). 

boonrestic budget for the OEA lndudes "dQmestic enfurtement~ and ~$ta1e and locI!l msk for«;1.~ 


Cfn 1985. state, county, and municipal govemmenu spent $4,800 million on dnlg tontml {Godsbaw, 

Koppel, and Panc.o.ut. 1987, p, 119), Muitiplyingby 1.271:1 to adjUU tor prlte inIlutlon from 1985 through 

1992, and then multiplying by l,Ii31 to adjust for the growth in control a<:dVlty yields the estim.:ued 

$10.202 m.illion spent ondtug control in 1992. The Ui31 factor Is the g:rt')Wth In U.S, atTeStS for thesale 01 

manuf3t:'t'llre of dtugs from 1986 to 191:11, the most recent year tot which dam are available (see Table 

Bol). 


dDoO total budget tor drn:g control, minU$ the -demand reduetion~ component. 

erhe international budset tor the DE.'!. is the totlll budget less the domestic: portion, 
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Total Cocaine Supply~ControJ El:pendJrure: 1992 
(In $ mllllons) 

Forfeited .....,.
Production Stage Agency Costs Co"", Co"""">,,, Total 

Domestic enforcement 6.220 -202 214 3,222 9,414 
I_diction 1,723 -)(l!) ,6.., • "70SSource<Ourytry conaol -3 IS I. .71 

Total 8.1&.6 -3OS 25!i 3.3J2 12,050 

SOU'BCES: TablesIl.4.B.5.andB.7, 
NOTE: For dome:mc: enforcement and interdiction: Court cost to public estimated as $1,2511* arrest
During 1990 in the United Su.tes. for all ~s ttf government, 00Ult (XJ5t$ were $16.549 million tI.J'ld cotal 
arrests were 14.195 million, making the-cost per arrest $1,166, or $1,251 in 1991 dolJan (Bureau o('ustice 
Statist1cs. 1992,. pp. 3, 432). Corrections cost to the public estimated at $23,65& per cef.l·year. During 1900 
in the United States, for atllevtls or government, com:«lon oos\s wete $24,960 mil.llon and the average 
dally incarcerated popu.!atkm was 408,015 in jaIl and 174,375 in SUIte-and federal prison, making the cost 
per cell-year of in~ratiQn SZl.65a. Of 523.232 in 1992 dollars {Bureau of Justice. Statistics. 1992. pp. 3, 
611,640}, Cell-yean per am:&t estimated as 0,74 (Reuter, 1991. p. 142). In 1988, 147,000 seller 8n'elt$ for 
cocaine d~g resulted iP an estiITtJted 106.000 cell-years of inl::arcemtion, For source countries: Court 
costs per arrest and corrections cost per cell-year assumed to be one-I'.ttird those in the United States. 
Cell-years per arrest assumed fO beO,OS, wtUch is the U.s, estimate. 0.74. times 0.01. divided byO.15, where 
O.Olls an estfmate of the conviction rate in source rountries (Hanratty and Medlt!. 1990. p. 310) and ().IS 
isan estlmate of the conviction rate in the United States. (Rydell, 1986, p. 240). 
IRevenue (shoW(1 as a negnrlvr COlt) frt)m the real~d value to the public of seized assets is equal to asset 
seizures (see Table D.6) times the forfeiture nne. 0,394. The forfeiture rate is the ponton of producer losses 
that I:nlnslate I.nto public gains, During 1992, SS31 million was deposited In the Assets Forfeiture Fund 
(Office or Management IUId Budge1, 1993, p. 60) from all dnIg-control efioru, The total ot the ati$et 
$eizures from all drup gi~ in the foornotes TO Table 8.6 (before prorating to cocaine) IJ $1,349 mlllion. 
Thus. 39.4 percent of the assets $eixed became pubLIc revenue In 1992.. 

TabteB.9 

Annual Ageney Budgets. Arrests. and Asset Seizures per Metric Ton orCocaine Sei.t.ed 

Production Smge 

Agency Budget per 
, Metric Ton CotaIne 

Seimd ($ millions) 
AtTests pet MetrlcTon 

CocaineSeixed 

Asstt SeiZUres pet 
Met:ric Ton Cocaine 
Seized ($ millioru) 

Donu:srlc enforcement 
Inter4iction 
Sourte'COW'ltry control 

40,9211 
16.3257 
7,7991 

1232,9 
46.' 

306.' 

3.3684 
2,7Q2l 
{I,OS98 

SOURCE: Tables B.4 through B.a. 

Financial Sanction' Imposed on Producers by Supply Control 

,The total financial sanctions imposed on cocaine producers by supply-control pro* 
grams include the losses due to asset seizures and the compensation paid to dealers 
and agents for the risks of arrest and imprisonment. These sanctions amounted to 
$7.6 billion in 1992. most of them coming from a.rrest and imprisonm~t ofcocaine 
dealers arid agents bydomestic enforcement (see Table B.l0). 
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FmandalSanctions Imposed on Produc:ers of Cocaine: 1992 

On $ milllons) 


ProdLlCl.ionStagt Total 

DomeStic e:nfortement 7,1>62 
Interdiction ' 

Soun::e-~untry control 76 23 107 


"OS 
"" ""12. 

7 "" 
Total 773 \304 5501 7.S79 

SOURCES: 'rabLesB.4. B.6 and 5.1. 
NOTE: Fot domesdc enfon::emem and interd.lcdon: ArreSt CO$ts to prodllcen: estirruned as 56,395 pt!r $.fo 

rest (Reuter and neiman. 1986, p. 333. arljUlUed to 1992 doilars), lail and prison (O$t$ [0 producers: esti
mated as $3lI,588 per cen~year (Kleiman, 1992. p. 140. midpoint of nmge of eSdtniUfi, adjusted. 10 1992 
dollars)' Cell-)'MI'S per meu estimated. l'IS 0.74 (Reuter. 1991. p. 142). in 1900, 147,000 seller mests fot 
cocaine dealing resulted in an estbnated 108,000 ctlI.years or ~ For SOlUTe countries. ctIun 
eON perarrest and oo~ons cnst per cell-year 3.S.SU11lt!d to be one·third that in me United Slates. cell. 
years perarrestassumed to ooO,os, which is the U.s. estimate. 0.74, times QUI, diVided by 0.15, where (Un 
is un eStimate ot the I;onviction me in oourcecollnnies tHanratty and Media.. 1990, p, 3l0) and 0.15 is: an 
Il$timate ofw«mvictlon me in th~ United States (Rydell. 1966, p, 240): 

Nonlinearity Parameters . 

Three parameters govern the degree of !,onlineartty in the producer and public COSts 

of supply control as the level ofsupply control and the size of the cocaine epidemic 
wang.: 

h:: elasticity of processing COSt with respect to product seizures {percent increase in 
processing cost per 1 percent increase in product seizures: see Eq. (B.l)) 

m '= diminishing productivity parameter (ratio of marginal productivity of supply,. 
control expenditure to the average productivity; see Eqs. (B.7) and (B.S)} 

p= proportion ofcost due to relative size ofseizure (as opposed to absolute size; See 
Eqs. (B.S) and (B,IO)) 

For this analysis we adopt the foUowing estimates: h =: 0.44. m = 0.8, p;;;, 0,5. The es~ 
timates of m and pare rough appreciations ofdiscussions and general reading about 
the cocaine supply process. The estimate of h 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 to avoid increasing supply-control 
penalties-exactly what h measures. The SOAR model indicated that cocaine~ 
smuggler costs increased an average of 0.44 percent pet 1 percent increase in cocaine 
seizures (Crawford and Reuter. 1988. Table 3. p.57).3 

3An example of a calculation from the refmnced table 31$ a 3.5 percent J..ncreued smuggler COSt ror an 
8,0 pefteI1t increUf! in eocaine interdJcted (35.1/32,5=t,080). making h '" ],6/8..0:: 0.45. Averaging over an 
:rwt$ reponed In the table resu1m in h =0.44. ' 

'. 
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AppendixC 

COCAINE DEMAND' 


This analysis uses a mode) of cocaine demand that divides users into two groups: 
heavy users who use cocaine at )east weekly and light users who use cocaine at least 
once a year, but Jess than weekly. The two groups are only an approximate repre5en~ 
tatton ofa continuous distribution. of intensity ofuse, but the two·group distinction 
is Imfficient to capture the essential dynamic of cocaine demand: New users start as 
Hghr users, and many quit without ever progressing to heavy use. The small prop~r· 
tien of light users who do become heavy users accumulates over time to ahour onc
fifth ofall users; because of their higher consumption rate, however. they account for 
about two-thiids of all consumption. . 

THEORY OF COCAINE DEMAND 

Dynamic Model ofDemaod 

The modE!! that makes these demand dynamics explicit js Markovian. with Row rates 
out of the various stares, except that the inflow of new users to light use (incidence) is 
scripted: 

Lly) =Lly -I)+ lly) - aLly -I) - bLly- 1) + fHly -1) IC.I) 

HIy) = Hly-l)+.bLly-I)- jHly-l)- gHly-l) ICol) 

L = 	number ofli8ht users of cocaine 

H = 	number of heavy users of cocaine 

y = 	calendar year 

1 = 	annual incidence ofnew users {changes each year according to the 
tnci~en(e script) 

a = 	 annual rare at whIch light users quit (fraction of light ~5er5 at the startef 
a year that quit during the year) 

b = 	 annual tate at which light users progress to heavy use {fractloncif!ight 
users at the stan ofa year who become heavyuws during the year) 

f;:; 	 annual rate at which heavy users regress to light use {fraction ofheavy 
users at the start ofa year who become light users during the year} 
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'g ::::: 	 annual rate at which heavy users quit (fraction ofheavy users at the start 
of. year who quit durlngthe year) 

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

(C.3) 

C ::::: toral consumption ofcocaine in the United States during the year 

Cl :. annual consumption of cocaine per light user 

Ch ::::: annual consumption ofcocaine per heavy user 

How Control Policy Affects Consumption Rates 

The light-user consumption rate decreases as drug dealers {some proportion of 
which are also users} are incapacitated l in jail or prison, and it also decreases ifsup
ply controls cause the retail price ofcocaine to increase} The incapacitation effect of 
putting drugdealets in prison is a demand-side effect of supply-side programs, 

The elasticity of the current consumption rate with respect to price is one.-half the 
(total} price elasticity of demand. See the discussion at the end of this appendix. 
where, based on evidence from cigarette studies, it is estimated that one~halfof the 
long-run, (oral response of demand to price Of;CUrs through changes in current con· 
sumption rares, while the other halfoccurs thwugh changes over time in the number 
ofusers: 

.• [ 1- illCl=C,--P ]'" (G.4)
1-/ p' 

c·, : 	 annual consumption ofcocaine per light user in the reference year 
(and. in particular. at the reference year's pric;:e ofcocaine] 

j 	 : incapacitation rate of light users due to imprisonment ofdrug dealers 
(drug dealers in jail or prison who were light users before they entered 
jail or prison as a proportion ofaU Ught users) 

r incapacitation rate of light users in the reference situation 0 

p = retail price ofcocaine 

p- o reuill price ofcocaine in the reference year 


e 	 : elasticity ofdemand with respect to price (percentage change in 
demand for cocaine pet 1 percent increase in the reWI price of cocaine) 

1 This analy$js assumes mal drug U$.er5 ate unable 10 obtain drugs while in jail Qr prison, but that 
imprisonment has no effea beynnd tempomry suppresslon or drug use. Thai a, the analf$l$ assumes that 
beingtn jail Of priSOn doe'S notdtange the dynamic beh.'40r of the drug.using populaoon. 

2rhe price elasticity, e, is. negative number (specillcally. an esdmated -IHi}, so ¥l inCfl!!a5e!iJ price, P, 
causes the functinn to dectease. 
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The hea"1'~user consumption rare responds to the incapacitation rate and the retail 
price juS[ as the ligllt·user consumption rate does; but in addition. the hea"1'-user 
consumption rate decreases with increases in the proportion of hea"1' users offered 
drug treatment (because most useri stop drug use while in treatment); 

Ch = C·. [ I-n-dr ,.[i .!...]'12 
(c.S) 

h I-n" -ad p' 

annual consumption ofcocaine per hea"1' user in the reference year C" = h (and, in particular. at the'reference year's price ofcocaine) 

n = incapacitation rare ofhea"1' users due ro imprisonment ofdrug dealers 
(drug dealers in jail or prison who were hea"1' users before they entered 
jail or prison as a proportion ofall hea"1' users) 

n' = incapacitation rate of heavy users in the reference situation 

d ,deSistance rate (person-years that a user stops using cocaine while in a,= 
treatmenrprogram. equal to the average treatment duration times the 
proportion of time in treatmenrthatpeople are off drugs) 

t proportion of heavy users treated during the year= 
f" proponion of heavy users treated during the year in the reference= 

situation 

How Control Policy Af[oots User Flows 

The base-case incidence Dows are a scripted scenario. However. that script is modi-, 
fled if supply-control programs change the rewl price of cocaine. The elasticity of 
incidence with respect to price IS one-fourth the long-tun price elasticity of demand, 
The long-run elasticity is divided by twO to separate the effect into an immediate ef
feet on consumption rates and a gradual effecr on the number of users via alterations 
of user flows. Then it is divided by two again to allow half of the user effect to occur 
through changed inflows and half to occur .thtougb changed outflows.3 

l(y)= I"(y) PP ]'t< (c.S)
[ 

r =- annual incidence in year rif price were equal to the reference year's 
price ofcocaine (this is how the incidence scenario is specified) 

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

3using ,/2 as !.he comumpn,m elasticity and &4 as the flow elasticity is only an appro:d.mation to the 
uacl elasticities ne«led to djvide the totallong.run price elasticity of demand into half consumption and 
half user effects, but Ie turnS out to be it very good appro.ximafion, so we use It In1:!1tad of harder-to· 
motiVate exact estimates. Note that' is a negative number. so that loaden" deereues as: retail price 
rl=. 
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quit using cocaine. more heavy users quit using cocaine. and more heavy users 
regress to liiht use.' Price affects the now of light users progressing to h.avy use in· 
versely. in parallel to the effect on incidence. because the progression flow is really 
just another type of incidence (additional heavy users "rather than additional light 
users): 

.[-P j-'" 	 (C.7)a=a 	
P' 

a- :;:; 	 annual rate atwhich light users quit in the reference year (in particular. 
at the reference year's price ofcocaine) 

[P]'14b= b' 	- . (C.S)
p' 

b- :;:;: 	 annual rate oflighNlser progression to heavy use in the reference year 
(in particular, at the reference year's price ofcocaine) 

In addition to being affected by price. the flow rates out ofheavy use increase as the 
proportion ofheavy users neated. to increases. The particular functional form in 'Eqs. 
(e.g) and {C.I0) results from the assumption that the two outflows from heavy use 
(quits and returns to light use) increase ~ the same proportion as neatment expands: 

. 	 []-'"t= r[l+ k(t- n] ; 	 [C.S) 

r = 	annual rate at which heaVy users regress to light use in the reference 
situation 

k = 	 ratio of extra outflow rate caused by neaUUent to the reference 
situation outflow rate from heavy use 

(C.IO) 


g. = 	annual rate at which heavy users quit in the reference situation 

EMPIRICAL ESTIMATES OF COCAINE DEMAND 

The foUowing discussion establishes user tounts and consumption rates in the refer~ 
ence year (1992). flow rates for a Markovian model of the dynamics of demand. an 

4rbe pricemllSdctty, e. is a negative number, m with a minus value il is a poSith"e numhe£, and inctea.Se$ 
in pr:l« cause the function to il\O"~" . 

http:inctea.Se


inddem::e scenario for 15 projection years, and an estimate of the price eJas~city of 
demand. 

User Counts and Consumption Rates 

The estimates of cocaine demand 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. Moreover, 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. 

These demand estimates are constructed in Everingham and Ryden (1994) using the 
foDowing procedure: HistoricaJ counts of users in households. users who are home~ 
Ie!.'!, and users in jail or prison are assembled from separale data sources. Users in 
jailor prison are assumed to be (teruporarilyl unable to consume cocaine. The re~ 
maining users are estimated to consume cocaine at a rate that is 8 times greater for 
heavy users than for light users,s Finally. the esmnated consumption rates per per~ 

Table e.! 
Cocalne:Consumption byTypeofUser.l992 

L<xatiOn Ught tners Heavy Users All U"", 

Ctx:alne. Users at smit of 'fear (millionsi 

Htnaeho!.ds 
Ho,""", 
lailfPrison 

Tow 

<ll<2 

0."" 
0246 
5,496 

1226..... 
0.254 ,.... 

..... 
0.416 
'.500 
7,184 

,, 

Cocaine UKt'Sa~ End of'ie:u (millions) 

HOU$eho!.ds 
","""", 
Jail/Prison 

'.093 
1).257 
0.246 

!.ZOO.= 
0.204 

6,296 
0,5Jg 

'.500 
Tow ' 5,596 1.719 7.l15 

Coca.ine Contwnption (metric tont peryear) 

Households 81),7 17l.6 258.l 
HomeiflSS 1. 2'3.1 32,' 
Jail/Prison 0.' '.0 •••Tow 90", 200.7 291.0 

Consumption per PmIOn at 5lart ot'iear (grams per pernon.yearl 

Households 17.2 140,0 41.2 
Homeless 17.2 140.0 78.6 
JaJIfPmon 1).0 0.0 0.0 

Total 1M 118.9 40.5 

Stn other word$. nonincan;eraled heavycocalne users (Oruw::ne3 times iUmuch cocaine pet)'lW" ali nOIr 
incmerared light cocaine userS. Because of the difff!rential incarceranon ratc;s. the overall 8YN\1ge 
consumption nne olhe&vy wets Is or.!y7 times thlll oflighr users. 
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son are scaled to make the estimated total consumption equal the 291 metric: tons to
tal retail sales in Table A.6. . 

Dynamic Model of Demand 

The flows and flow rates for the Markovian model of c()Crune demand (in Table C.2) 
show that the annual number oflight users who quit is only 17 percent less than the 
inOow 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 nUf!lber progress to heavy use <0.132 million jn t992}. However, the rotal OU(~ 
flow rate from heavy use is only an estimated 6 percent per year (4 percenrofheavy 
users regress to light use and 2 percent quit each year), so a heavy user once estabw 
lished ten$ to last for a Jongperiod oftime.6 . 

These flow rates were computed from historical evidence; using a method that did 

not consider historical changes in cocaine-control interventions, A useful funue re· 


. finement ¥.'Owd be to augment this demand·estimatlon method with the models of 

cocaine-contrOl intervention cons~cted 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 line in Figure C.1 shows. \his scenario has incidence declining 
from an estimated 0.988 million new users during 1992 to half that level during 2007. 

TableC.2 . 

Dyn8mJcs of Cocaine Demand 

Item 

Flow During 1992 (mIlliOnS) 

InCidence of new u&terll (1,988 
Ugtu.userqulm 0,824 
ProgresSiOn ot light users to heavy use O.l32. 
Regression of heavy users [0 llght use 0.00II 
Heavy.user quiU 0,034 

Light-usetqwr raw fa") (),lSO 
Ught·userp~ion rate to heavy use {VI 0.024 
Heavy·user l1!£l1IS$ion rate 10 tight use r.rJ 0.... 
Heavy·user quit rate (8") 0.020 

SOURCE: Evertngham.and ftydeU (1994). 

liCQmj)QUfldlng a persistence probability of 0,96 shows that me ~half life:~ of a heavy CtlC3ine user IS 17 
years-thal is, after 11 yean. hall o£an entering cohonofheavytlSet$wifi have left heavy use. 

. I 
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We empnasize that this scenario is not a prediction. It is merely a plausible base case 
from which. to assess the effe~ts ofchanges in cocaine-control policies. ' . 

If Cocaine-control programs are assumed nOt to change from their 1992 levels, the 
ba!;e-case incidence scenario results in a slight increase in cocaine consumption 
through 1998, followed by a decrease to 94 perc~m 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. weeX-
amined two other scenarios: a higher -itlcldence scenario, with incidence remaining 
ronstant at 0.988 miUion per year, and a lower-incidence scenario. with incidence 
declining to zero by 2007 (see Figure C.I), 

Under the higher-incidence scenario, consumption would increase over the entire 
15~year period. and under the lower~incidence scenario, consumption would rise 
only briefly before falling to 73 percent of the 19921"",,1 by 2001 (see Figure C2) This 
is the result of the inertia ofheavy use. The annual tOtal outflow rate of heavy users is 
small (only an estimated 6 percent), so it takes many years for a lower inflow race to 
significantly affect the number ofheavy users. 

PRICE ElASTICITY OF DEMAND 

This analysis assumes that the (to[a1.10ng~run) price elasticity ofdemand for cocaine 
is -0.5, meaning [hat demand decreases by Q.S percent when price increases by 1 
percent. Thjs assumption seems reasonable. given the range of estimates for the 
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price elasticity of cigarettes and alcohol presented in Figure c.a (Manning et al.• 
1991. Appendix Fl. 

Additionally, this analysis estimates that half of this long-run price elasticity of de
mand is due to changed consumption Per user,7 and half is due to changes in inflows 
and outflows: that cause the number ofU5ers to change over time,a In other words, if 
sUPldy·control policy succeeds in raiSing the price of cocaine by 10 percent, only a 
2.5 percent decrease in cocaine consumption occurs immediately. Then the coo
sumption decrease graduaUy accumulates over time (0.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.9 A 10 percent price 
increase starting in 1993 would result in a 3,6 percent decrease in consumption by 
2000 (8 years to go three·founhs of the way to the long~run decrease} and a 4.4 per· 
cent decrease in consumption by 2007 (15 years to go nine-tenths of tile way to the 
long~run decrease). 

'We assume that light and huvy I':\l.tTent cocaine usel'S have the same responsiveness of oonsumptlon to 
price. 

8.Bea.er, Grossman. and Murphy [1991. p. 24D} found that the price elasticity ofdemand for cl~ in 
the short run Is halflhat in tht Ions run. . 

9-t'be paa!' of adjustment is governed. by the Infiow and outflow rates in our dynamic model of demand 
(seeTableC2}. 

http:8.Bea.er


AppendixD 

DEMAND-CONTROL PROGRAMS 


In general, demandwcontrol programs include prevention ofnew users from starting 
cocaine in the first place, effortS to persuade light users to quit before they escalate to 
heavy use, and ,treatment programs for heavy drug users. However, this analysis 
considers only the last category. 

TYPES OF TREATMENT 

Two principal kinds of treatment are currently available for heavy users of cocaine: 
outpatient treatment and residential treatment. Outpatient treatment is presumed 
to be offered for easiercases and residential treatment to be offered for harder cases. 
In addition. case!oads are presumed to be skewed toward easier cases when few 
heavy users are treated. In other words, we expect the proportion of residential 
treatments to increase as the proponion ofall heavy users who are treated increases. 

THEORY OF PROGRAM EFFECTS 

Effect ofDrug Dealer Imprisonment 

"[0 the extent that cocaine dealers are also cocaine users, imprisoning a cocaine 
dealer reduces demand by an incapacitation effect ' 

• (Seizures)(ArrestRare)(PropLiLJeaIer)(PrisonRlUe)
J= ID.I)

n. 000. OOO)(Lille!lU,e,,) 

j incapacitation rate of light users due (0 imprisonment ofdrug" dealers (drug dealers in jail or prison who were light users before 
they entered jail or prison as a propOrtion of all light users) 

Seizures seizures of cocaine bydomestic enforcement (metric tons) " 
ArrestRate arrests ofdrug dealers per metric ton of cocaine seized " 

PropLiDeaJer • proportion of .arrested drug dealers who are light cocaine users 


PrisonRate • cell-years of imprisonment ofdrug deaJers per arrest 


LiBegUsers • light users at the beginning of the year (millions) 


B3 
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n = 	 incapacitation rate ofheavy users due to imprisonment ofdrug 
dealers (drug dealers in jail or prison Who were heavy users 
before they entered jail or prison as a proportion of all heavy 
users) 

PropHeDealer ::::. proportion o~arrested drug dealers who are heavy cocaine users 
HeBigUsers 	 ::::. heavy cocaine users at the beginning ofthe year (millions) 

Effect orTreatmenl on Outflow rates 

The outflow of heavy cocaine users caused by treatment programs is a weighted 
average of the outflows caused by outpatient and residential treatment, In the 
demand·control model, the add!tional outflow due to treatment is stated relative to 
the annual outflow that would occur without treatmenl 

k= x (OUlAdd)(l- z)+(l1esAdd)z 

f+g' 

k = 	 ratio ofadditional outflow rate due to treatment ofheavy cocajne 
users to the reference outflow rate from heavy cocaine use 

oX .::. 	 multiplier (for sensitivity analysis} of the estimated ratio of 
additional outflow rate to the rtlerence outflow rate from heavy use 
ofcooUne . 

z .::. 	 residential treatments as a proportion ofan treatments 
OutAdd .::. 	 additional outflow rate from heavy cocaine use (to either Ught use 

or non~use) ofheavy users who receive outpatient treatment during 
the year ' 

ResAdd : 	 additional outflow tate from heavy cocaine use (to either light use 
or non-use) ofheavy users who receive residential treannent during 
theyear 

Effect ofTreatment on Current Consumption 

in addition to causing the outflow from heavy cocaine use to increase, cocaine~ 
control pto~ams also cause consumption to decrease while clients are in treatment: 

d ~ (OutDesist)(OutDur)a- x)+ (ResDerut)(Resl)ur)z (D.4) 

d .::. 	 desistance rate (person-years that users stop using cocaine while 
they are in treatment programs, equal to the average treatment 
duration times the proportion oftime in tteatment that people are, 
offdrugs) . . ' . 

z = residential ttean;nenlS as a proportion ofan treatme~ts 
OurDesist ::, proportion of time during outpatient treatment that clients stop 

using 'Cocaine ' 



OutDur :: average duration (in fractions ofa year) ofoutpatient treatment 
ResDesist =: proportion of time during residential treatment that clients stop 

using cocaine 
Re.tDur = average duration (~n fractions ofa year) of residential treatment 

Budget for Treatment of Heavy Use", 

The total cosr of cocaine treatment programs is the sum of the costs for outpatient 
and residential treatments. That cos.t increases as the proponion of ali users treated 
increases, and as. the proportion of treatments that are residential increasest 

B={U[l-zJ+Rz}tH 	 (0.5) 

B =: budget for outpatient and residential treatment ofheavy cocaine 
users 

% = residential treatments as a proportion of all treatments 
t ::; proportion ofheavy users treated {byeither outpatient or 

residential treatment} 
H ,::::: total nwnber of heavy cocaine users at the stan: of the year 
U cost per outpatient treatment :I 

R = 	cost per residential treatment 

MixorTreatment Types 

As the proportion of heavy users treated increases. the proportion of hardAowtreat 
clients-those that require residential treatment-increases, The following specifi
cation assumes that the proportion of all treatments that are residential increases 
linearly with the proportion ofall heavy users who are treated during a year. Note 
that since the COSt of treatment is considerably higher for residential than for outpa
tienr treatment, this specification establishes diminishing returns to treatment pro
gram bUdgetsl: 

z ;:;: v+ (w- t1:t 	 (0.6) 

z :; 	 residential treatments as a proportion ofall treatments 
t :; 	 proportion ofheavy users treated (by either outpatienr or 

residential treatment) . 
v = 	 low-proportion residential treatments (proportion ofall 

treatments that are residential when essentially no treatments are 
offered) 

w :: 	 high-proportion residential treatments (proportion ofall 
treatments that are residential 'When all heavy users are offered 
one treatment a year) 

1For additional ~ption of this specification. see Eq. {D.Il} and the discussion of that equation at the 
endohhis appendix. 



With this specification, both the number of residential treatments and the number of 
outpatient treatments become functions of the parameters vand was well as of the 
proportion. r, ofall heavy uSers that are given one treatment or the other. 

ResTreat:; [VI + (w- t1rZ1H (0.7) 

ResTrear :: residential treatmentS ofheavyusen during a year 

auITr""t=.[(I- v)t- (w- 0t']H (D.B) 

OutTreat ;;;;; outpatient treatments ofheavy users during a year 

There are. however. reasonableness constraints on how the parameters vand w Can 
be chosen. First. to make.z an increasing function of t, wmust be larger than v. This 

,also guarantees that residential treatmenrs increase as rotal treatme.nts increase. 
However. an upper limit on w must be obeyed to guarantee that outpatient treat
ments increase as rotal treatments increase. The mix swings in the direction of resi
dential. but outpatient treatment must share in the growth. Differentiating Eq. (0.8) 
with reSpect to t, evaluating the derivative at its maximum over the range 0 < t< 1. 
which occurs at 1= 1. and requiring the derivative to be positive completes the con
straints on w: 

1+ I! 
V<W<- (0.9) 

2 

Solving for Treatment Rate as a Function ofTreatment Budget 

Substituting Eq. (0.6) into the budget equation, Eq. (D.5). shows that the budget is a 
quadratic function of treatment rate: . 

(D.IO) 

Putting that quadratic equation into standaId form: 

(0.11) 

The solution is 

(0.12) . 



Here, the diminishing~retums propertY of our tteaonent modeJ becomes especially 
clear. As the treatment budget. B, increases {for a given number of heavy users. H) 
the square·root power on the term In large brackets makes the proportion of heavy 
users treated increase at a decreasing rate. 

Actually, Sq. (D.12) is no! quite the final step in computing the proportion of beavy 
users receiving treatment. because it is possible for the treatment budget to outstrip 
the number of heavy users av.diabie to be treated. Fonnally. we have:, 

t = min (Trialt. Mart) 	 (D,13) 

TriaU ;; 	 proportion ofheavy users that can be treated by the avaiLable 
treatment budget. as estimated by Eg, (D,12) 

Maxt ;; 	 mmmum proportion of heavy 'tocaine users at the start of a year 
that can be [reared during the year 

\'Vhen the constralnt I < Maxtis binding, all the available treaUDent budget will not 
be spent. in that case, Eq. (0.5) must be used to caJcuJate the actual total cost of 
treatnlents during the year in question. 

EMPIRICAL ESTIMATES OF PROGRAM EFFECfS 

The qualification in the earHer appendixes about the necessity to use estimates and 
approximations applies here as wen. The reference year for our policy analysis is 
1992.00 we want demand~control program characteristics as of that year. However. 
the longitudinal srudies that provide eVidence on program effectiveness necessarily 
started many yeats ago. Therefore. prior~year infonnation must be extrapolated inro 
a consistent. unbiased, and as~accurare~as~possib!e but by~no~means-perfect repre~ 
sentation of 1992, 

The conte~ of treatment effectiveness is the number of treatments ofdifferent kinds 
done each year. Table 0.1 derives estimates of the number of cocaine treatments for 

,both 1989 and 1992. During those three years, the number oftreatrnents grew by an 
estimated 54 percent. Total cocaine treatments divide by type of treatment into 78 
percent outpatient and 22 percent residential, and by type of institution into 61 per
cent public and 39 percent private. 

The annual cost per dient in outpatient tteatmemwas$l.600 in 1980 ($2.722 in 1992 
dollars), and the annual cost per client in residential treaanent was 57.329 {S12.467 
in 1992 dollatsl {Hubbard et .11..1989. pp. 63, 68). However, the cost per client in 
treaUDent (cost per person~yearor annual Cost per space) is not the same as cost per 

. admission (cost per person treated or cost per client). On average. treatment dura
tions are less than a year. which means that each tteatment space can serve more 
than one person during a year and the cost per admission is less than the COSt per 
dient in treaunent (see Table 0.2). 



TableD.l 

Nwnber orCocaine treatments: 1989and 1992 

Type:of ,nstitution 
T'ypeofTteaunml Publle 

Thousands ofTreatml!nl$ DI.Iring IS&; 

Outpatient- J64 lOS 26' 
47 31 7a 

T.... 211 136 :147 

Tho..asandso(TlUuntnts Owing 1992 

Outpatient 252 162 414 
ReSidential 73 47 12<1 

Tom! 32S. 2~ 534 

SOURCE: Na'donal Institute. on Drug Abuse (1989), &utynw (1990), ONOCP 
(l992b}. . 
NOTES: During 1989, there were 606,000 public drug treatments (t\UtY!l$.\;i, 
1990, pp, 41-42) artd 996,000 toW drug rreaanents (Nalfonallnslitute on Drug 
Abuse. 1989, p. 23); the diffel$Q!of 19O.(I(lI)repn!SeD.1S privatI! drug ~t.ments. 
Public neatm.enu: for coclline use numbered 211,000, M.8 percent of total 
public drug.treannenu il\utynsti. 1990, pp. 41-42), Applying the same 
percentage to eJ.I privale drug treaanenu produces an estimate 01 136,000 
private cocaine matnlf!nts. or public, OOlNllcobol.. non.heroin drug 
rreannents. 77.s percent were outpatient and 22.s percent were residential 
(Butymki. 1990. pp. 22·23); applying this distribution to both public and private 
cocaine treatments co.mp.letes the tDp three toW$ of thfl> tabJe.. From 1969 to 
1992, real public expenditure on au drug treatment inc.reued by 54 percent 
(ONOCP. 1992b, p. 214). Applying this: growth me to holh public and private 
cocaine treaonentt produces the t!$bmatu In the 1ast"CtU"et row. of th.I$ tabn-. 

To convert cost per cHent in treatment to cost per admission. we multiplied the cost 
per client by average treatment duration, This yielded the following estimates.: aver
age cost per admiss.ion:; $762 fur outpatient treatment and $S,107 for residential 
treatment, in 1992 dollars. Across both outpatient and residential treatments, the' 
average cost per treatment admission was $1,740. 

The estimates in Table 0.2 obey three relationships: Admissions times treatment du
ration equals person-years in treatment. admissions times cost per treatment equals 
total cost of treatments, and total cost divided by person..years in treatment equals 
cost per person-year, Together; those three relationships imply a fourth: 'Cost per 
person-year times treatment duration equals ens! per admission. 

Cocaine treattnent programs are highly effective during treatment An estimated 73 
percent ofheavy users In outpatient pro·grams stop using cocaine while in U'ea.ttnent, 
and 99 percent of heavy users in residential treatment stop using cocaine while in 
treattnent (liubbard et al., 1989, p. 180).2 PosHreatment effectiveness is much 
lower: 122 percent of heavy cocaine users who receive ourpatient treaanent stop 
heavy use because of the treatment they received. and 16.7 percent of heavy. users 

2f(j.r exampte, the year befO!1! 01.upadent (drug-free} treaTment. 12.8 percent of those £reated wtm!l heavy 
cocaine users; during rreaunen::. only 3.5 percent were heavy cocaine users, making the de5istance 
proportion (0.128- 0.035)10.12 .. 0.13, 

http:0.128-0.035)10.12
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TableD.2 


Ch.aracteristios ofCocaIne Treatment Programs! 1992 


Treatmetlt Duration 

~oreThan3 
Type of Trcatnu:nl l Months (If Less Months 

Oient Admissions During Year (millions). 

Outpatient 0264 O.l5O 0,414 
Residential .066 0,"" 0.120 

AU 0.330 0.534."'" 
Awrn~Treannern DuJalion !year$)b 

Outpatient 0.065 •.28ll"52'Residential ..... 0:194 0.410 
AU .,068 •.669 0.'" 

Person·Yean: in Treatrnem (m.llliom) 

Outpatient .,[)22 0093 0.116 
Residetllial OJXl7 0,{K3 0.{K9 

AU •.029 0,136 0.165 

Cost per Ad1niss.i.on (S1e 

Outpatient 231 ' 762"99 
Residential 1234 5107.... 

AU 431 17403'''''' 
Tow Cost ofTreattnent IS rrullkins:) 

Ourpatient 61 2S4 315 
Re5idential 82 Sill 613 

AU 143 1M 92. 
Cost per Penon·Yearm Treatment ($) 

Outpatient 2,722 2,722 2,722 
ResJdent1al 12,457 12,467 12.467 

AU 4,931 5.775 5.,'" 
SOURCE: BurynUl (1990), Hubbard et aI. (191:19). 

-Estimates of fOtal outpatenfand total residential cocaine treatments from Table 

D.l distributed by length of tl'eatment,. l»in8 the proportions reported in 

Hubbard etal. (1989. p, 95). 

~ubbardelal. (1989, p. 95). 

<Hubbard el aI. (l9a9, pp. 63. 68/; cost estimates updated to 1992 l,Is:ing /he CPt 


, , 

who receive residential treannenr stop heavy use because of the treatment they re~ 
ceived (see Tables D,3 and D.4). 

These estimates of post-treatment effects are consetvative {potential underesti
mates} in that clients receiving treatments that last less than 3months are used as the 
"contrQI group" in the calculations of treatment effect in Tables 0.3 and D.4. 1n 

. other words, treatments lasting less than 3 months are assumed to have no effect. 
and the behavior of clients who receive those treatments is used to estimate what 
would happen in the absence of treatment To the extent that treannents lasting less 
rhan 3 months have some effect, the calculation underestimates the effectiveness of 
cocaine rreatments. 

http:Ad1niss.i.on


TableD.3 


Plfeet.tveness ofTreadng HeavyCoc.:a!ne Users: OutpatientTreatmcol 


Treatment Duration 

TimeSlnce Mort' than 3 
Treatment 3 Months or teu Mooths All' 

''''''
3 yean '
4 yean 

'''''' 

, 2years3,,,,,
'
'''''' 
'''''' 


OientsStili Heavy Ums pel' lOOOT~ 

1>33 634"" 221 ,.. 
. ""'" ' 621"'" 735 627"II! 

735 .,. 627 

Qjents$till HeaV)"Users lENa TRatment Rec.e!wdb 

635 635 .,."" '29 '29 
735 735 735 
735 735 735 
735 735 735 

Ratio 

1,.., Loon 0$7 ..... 
Loon 0.529 0.lI3O'''''' 1.00() .....0,596'''''' 1.00() 1).8544 years I),SSG 

5 yean 1,00() 0,596 0.1'54A_ 
1.000 0.ll6J IUUa 

Additiorul! Oul1low Due to '!'reatment ('!b) 

0,0 33.7 122.." 
SOURCE: Hubbarderai. (l989.p, tOO), The numbers i.n thls table foryem 3 to 

5 are tdenutal because the SOIlJtt reports only the average result over tM$e 


'5l.B perceni 3 month! or Ie$$; 36.2 percent. more than 3 months {Hubbard ef 

at" 1989, p.95). 

bcuents receiving 3 months or Ies! treatment wen! used as the COl1trol group, 


""" 

The foDowing summary of the preceding discussion highlights the specific parameter 
estimates used by the demand~control model. In 1992. 53~tOOO of the 1,688.000 
heavy cocaine users at the start afme year. or 31.64 percent. received drug treatment 
during the year (r- "'" 0.3164). 77.53 percent of those receiving aeaunet)t got outpa~ 
tient tteatmem, and 22.46 percent got residential treaunent (OurTrear= 0.414 mil~ 
lion, Re.s1'reat=O.120 mJllion. z .. =O.2247). ' 

The proponion of the residential trea{ments (22.46 percent) (s not constant in our 
model, however. As Eq. (0.6) specified, the proportion of residential treatments in· 
creases as the proportion of all heavy users: increases. That fonnula has two parame-
ters, v and w. The parameter u is the proportion of residential treatments when very 
few heavy users: are treated, and wls the proportion of residential ueaunencs.when 
all heavy users are treated once a year. 



TableD.4 


Effec:t1vene:ss ofTreat1ng Heavy Cocaine Users: Residential Treatment 


T~tDmation 

Timll' Since Morethan3 

Treatment 3 Months Of Less Man"" All' 


' Clients Still Heavy Users per 1000trealtd 

S62 611 
Zyears "'" 2!lO 318"'.3""", 741 "'8 56' 

141 34. S65.'''''''' 
'YH!'S '41 3.. S6S 

Oients Still Heavy Users tfND Treatment ReceiYedb 

• year ... 65() 

2y..... 34. 340"'."" 
3y..... m 14. 741.,..... 74. 74• 141 

74. 74J 74''"'''' 
Ratio 

'.000 0.865 .....'"'' 1.000 0.6532YH!'S 0.934 
3yean 1.000 0.410 0.136 

1.000'YH!'S 0.410 ..,"" 
,~ 1.000 M10 0,'/36 

1.000 .,625 0.l!33'''''''''' 
Additional OUiflow Due tD Treamtent ('i\l 

Rate 0,0 31.5 J6.1 

SOURCE: Hubbard etat (1989. p.l80}, Thenumben in thisrabkforyeat'$3ro 
5 art! kletltical because the souru repom only the average resUlt over thos.e' ,..,.. 
"55:,3 ~t, 3 months or tess; 44.7 perrent. more dw\ 3 months {Hubbard et 
aI., 1989, p.95}. . 
~nu: receiving 3 montia or tess tteaI.mm! were used as the COntrOl group. 

Solving Eq. {D,6} yields the parameter. V, as a function of w, as weD as the values oft 
and z in the reference situation: 

(D,14)
1- ,. 

Making the assumption that approximately 50 percent of all treatments would have 
t.o be residential if all heavy users ""'ere treated during a year {w::::; 0.5000,. and using 
the reference~year estimates that t· '" 0.3164- and z·::::. 0.2241. this formula shows that 
only 10.07 percent of aU treatments would be residential if almost no heavy users 
were treated during a year (v;;; O.0913). Thes~ estimates ror wand p obey the 
inequalities In Sq, (D,9), because 0.0973 <: 0.5000 < 05487. 

v= 

.. 
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The average duration of outpatient treatment is 0.280 years, and the av~ge duration 
of residential treatment is 0.410 years. The average cost per outpatient treatment is 
$762. and the average cost per residential treatment is $5.107. While in treatment. 73 
percent of outpatient clients and 99 percent of residential cUents stop using cocaine. 
The additional outflow from heavy cocaine use caused by treatment is 12.2 percent 
for outpa~nl treaunent and 16.7 percent for residentiaJ treatment, 

The remaining parameter es~mates needed for the demand~control model describe 
cocaine use by cocaine dealers. The analysis assumes that thtee-fourths of cocaine 
dealers use cocaine. and that they are divided evenly between light and heavy users. 
Consequently. the estimated proporoon of arrested cocaine dea1~rs is the same for 
light and heavy users, 0.375, 



AppendixE 

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 variabJes 
and linear logic. so it is possible to produce a listing of the calcul~tion steps, analo~ 
gous to that from traditional processing languages. The listing of the steps in our 
program constitutes the bull: of this appendix. 

MODEL OVERVIEW 

The computer model used to evaluate the cost-effectiveness of alternative cocajne~ 
control programs has twO levels: a core market~equmbrium level and an outer 
control-program level (see Figure E.l). 

The model's first level balances market supply and demand. Cocaine producers re
act to seizures and sanctions by increasing gross production and by increasing 
prices. Cocaine consumers as a group react to treatment programs and price in~ 
creaseS by decreasing inflows to cocaine use and increasing outflows from cocaine 
use, causing a decline in the number ofdrug users. Also, cunenl cocaine users in any 
given year react to treannem prograOms and price increases by consuming less 

Seizures and .--------, 

Price 

of U5e 
o 
rs 

Gross production 
and price increase in 

response to ShOrtages 

Ooamity 

Users and usage 
decrease in response 
to treatment and price 

FigwE' E.l-LogicaJ Structure ofCocaine-Control Model 
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cocaine. This part of the model iterates unti1supply and demand are in equilibrium 
, in each of lS projection years, 

'The model's second level assesses the consumption decrease caused by specific 
changes in supply~contro) and/or demand~control programs, Seizures and financial 
sanctions from supply~controJ programs affect cocaine producers, and drug4reat~ 
ment programs affect cocaine users. Consumption decreases, in rum, have a feed~ , 
bad. effec[ on subsequent years' control programs. For example, the costs ofsupply~ 
control programs depend in part on the size of the program madve [0 the size of the 
cocaine market-so the previous year's control programs affect this yeatts program 

, . . . 
costs. 

The general idea of the model is the familiar microeconomics diagram of a supply 
curve intersecting. a demand CUIVe. albeit with an unfamiliar twiSt (see Figure B,2i. i 

The unfamiliar aspect of Figure E2 is that the supply curve slopes downward.. This 
happens because as suppliers increase the volume of business. the cose of a given 
amount ofcontrol sanctions is diluted. causing the price per unit product to fall.2 

It is the industry's supply curve, nor the individual supplier'scurve. thilt has a dQWJl· 
ward slope in our model. The individual supplier's curve is presumed to be flat-that 

Effect of .....--\
treating
""ern 

Price 01 
cocaine 

Supply Effect 01 

controls 
curve -------\\~~SjuplPIy~J 

Demand 
CUM 

Quanlity of cocaine 

Figure E.2-HowCocaJ.ne-Control Programs Work 

tTill! figure Is qualita1ively conea, but no at'tempt has bun madill to make it quantitatively encl. The 
ooadne.(:t.mtnH model is roo complf:X to be represented by a single dJagram. 

2Fot a 'I::!rid' di$cunion ofthis point. see Appendi:tA (at Eq. (A.5)}; ror an mended d.iscussion, see. caulkins 

(1990), 
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is. we assume that expanding or contracting an individual supplier's volume of busi
ness does not in itself change the unit cost ofsupplying cocaine. However. if the total 
volume .of business across all cocaine suppliers increases. then a given amount of 
supply control gets spread over a larger amount of product, and this external econ
?my lowers the indust:l'yVrtide supply curve. 

The importance of the distinction between individual and industry suppJy curves is 
compacdy explained by Samuelson 11973, p. 4nJ: 

It is not true that d.ownward·sloping Marginal COst curves of competitive firms can 
serve as their supply c:urves-for the.very good reason that their profits will be at a 
minimum: along such curves and they will rush away in either direction from such 

. points. As a result one or a few firms will tend to expand arnt the remaining firms will 
tend to contract. Thus lasting decreasing COSts that are internal to firms Implies de
struction of pedect competition. So it is wrong to talk: ofdecreasing supply CUl"VeS in 
such a cue, or of competit':iVe supply at all. 

There is, however, the possibility that external eoonomUs could prevail in an industry, 
In such cases expansion of indumy Q Iquanotyl cOuidsiu], downward the cost curves 
ofsin.gt4 /inns. and in the compUcatoo adding of the resulting supplies ofall firms, the 
industry!upply curve could end up as downward-sloping. 

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 cho.ice of the parameter p, i.e.• 
the proportion of seizure cost due (0 the amount of cocaine seized relative to total 
cocaine supplied as opposed to seiZure COSt due to the absolute amount of cocaine 
seized, In other. words, p is the proportion ofsupply control's effect that is propor~ 
tionaJ to total production. as opposed to being spread over total production. As p1n
creases, for a given enforcement budget. the amount of cocaine seized becomes 
more proportional to production !evels ..and the supply CUl'\'e getS flatter.3 Table E.l 
presents the price elasticities ofs~pply that correspond to different values of the pa~ 
rametcr p, as estimated byour model.4 

This analysis assumes that p '= 0,5, making the price elasticity of supply -3.6. which 
gives the supply curve a slight downward slope. However. that choice is not crucial 
[0 the cost-effectiveness results of this analysis. The sensitivity analysis of the prQ~ 
portion relative costing, p. in Appendix F shows that this parameter (and hence the 
price elasticity of supply) has only a small effect on the cost-effectiveness of supply 
control :relative to treaonent' 

The arrows in Figure B.2 indicate broadly how the cocaine~control model works. 
SupplY4 control programs increase the ,cost of supplying cocaine, which pu'shes the 
supply curve up, causing price to increase, which makes the quantity consumed de
crease as the, intersection of the supply and demand curve moves upward and to the 

3n,ac is. the petcentage decrease in supply gets larger for a given price Increase, i,e" the price. elastidty of 
supply tukes on a larger negative value. . . 

4Even With 17 eqUal to j,Q, the supply curve 1$ not perfectly flat {l.e .. the supply ela.nldty is not infinitely 
large}, This happen$ becouse sei.um? cosu are only iii part of all enforcement costS, Other COSts (such as. 
OJlln and incarceration COS!S of arrested dntg dealeI$! are alw:ays proportional to the absolute amounf Qf 
enforcement, $0 total enforcement cost can l'NI'Vff be enti:relyproportional to prooducr:lon lewl. 



TableE.l 


Estimates of the ~Eluddty ofSupply 


Proportion ar SeU:ureCmt 
Due ttl Helative Size ~ Elasticity of the 

ofSeizure, P SUpply ofCocaine 

0.1) 

0.1 
0.2 
O~ 

0.' 
M 
O~ 

0.7 
0.8 
0.' 
LO 

-2.' 
-2.7 
-2~ 

-3.1) 

-3.3 
-3~ 

-4.0 
-4.5 
-5.3 
-6.6-... 


SOURCE: Runs ofthe cocaine-control model. 

left. Demand~control programs 'decrease the quantity demanded, wbich pushes the 
demand curve to the left. causing quantity to fall and price to rise (because of the 
downward~sloping supply curve). 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 relative to 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 2001, However. fur cosl-effectiveness 
comparisons, the 15 years of changes in annual coc;aine consumption (resulting from 
additional controt expenditure in year 1) need to be combined into a single measure. 
That measure is the present value (using a 4 percem real discount rare) of the 15 
years of consumption change expressed as a percentage of baseline consumption in 
year 1.5 

. . 	 r[D(y)- C(y)][_l_]'
I 1+ r% consumption change '= loo.!.r-=.-'--___-"''--~ (E.l)

a!) 

cry) = 	base-case consumption ofoxalne in year y 
Diy) = 	 consumption ofcocaine in year y. given additional control 

expenditure in year 1 

5See Chapter On~ for a discussion of the rtaSOns benefits Should be discounted, jllst as oosts are. in COST
~ffoctiveness~, 
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C(l) = to[al base-case consu~tion of cocaine in year 1 

r = real discount rate 


If aU the consumption change occurred in year 1. this summary measure of effective~ 


ness would be the percent change in year 1 consumption resulting from the addi

tional expen~ture on control in year L The acrual consumption changes resulting 

from a year 1 increase in control are, of course,' spread out over time. Taking the 


. present value of the 15 yean of changes aggregates them inK! an equivalent year 1 

change in consumption. . 

Alternative Evaluation CrIteria 

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

The fonnula for estimating the social ~st of cocaine (using the assumptions that the 
COSt of crime caused by, cocaine use is proportional to expenditure and the lost pro
ductivity caused by cocaine use is proportionaJ ro consumption) is: 

(E.2) 

-SocietalQ)st cosr of crime and lost productivity due to cocaine use (millions 
of dollaIs per year) 

CrimeCost = dollar COst ofcrime due to cocaine use per dollar expenditure 
on cocaine 

prodCoir = millions of doUars of foot productivity due fo cocaine use per 
metric ton of cocaine consumed 

II -vector of annual control~program budgets 

p -price ofcocaine (doUars per gram) 

C consumption ofcoeaine (metric tons per year), a function of 
• 

the vector of annual control program budgets 

Estimates of the two cost facrors are Cn'meCcsr:;: $0.19480 per dollar expenditure on 
cocaine ($7,324 million annual crime oost, from Table 5.2. divided by $1292 per 
gram price of cocaine times 291 metric tons of cocaine consumed per year, from 
Table A.8); and ProtiCost ;;;: $67,6289 million per metric ton consu~ption (SI9.600 
million annual lost productivity, from Table 5.2. divided by 291 metric tons of co~ 
caine consumed per year). ' 

This equation can be rewritten as the product of two factorsl one that varies with 
price and another that varies with consumption;: 

(£.3) 



Since treatment programs reduce consumption. while hardly affecting price. it is not 
surprising that the social~cost measure evaluates treatment programs essentially the 
same as the consumption measure does. However. supply~cont::rol programs in~ 
crease price while decreasing consumption. which explains why the social-cost mea
sure rates supply-control programs lower (relative ro treatment programs) than the 
consumption measure does. 

MODEL DETAILS 

The Excel spreadsheet implementation of the cocaine-control model has three 
modules. each on a separate spreadsheet (see Figure £.3). The core module 
(ANNlJAL.XLSl is the market-equilibrium model used each year to balam::e supply 
and demand. A policy module (INOUTXLS) contains 15 years of control-program 
policy choices sent one year at a time to the annual market :module. and 15 years of 
results from that market module. Finally, a macro module (MACRO.xt.M) contains 
the instructions that guide model operation. 

Inputs defining the behavior ofcocaine suppliers and cocaine users are listed in Fig~ 
ures EA through E.6. The inputs in these tables are on the ANNUALXlS spread. 
sheet, because they are the same for all projection years. The key parameters listed 
in Figure EA are six of the seven parameters covered by the sensitivity analysis in 
Appendix F (the seventh parameter analyzed there is the real discount rare). 

MACRO.XI.M 

Macros 
automating 

model 
operation 

Iteration 

years 

INOUT.XLS 

PoliCy 
choices 

and results 

Figux'e E..3-Spreadsheet Implementation ofCoca1ne-Control Modd . 
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The incidence projection and the budget~level policy parameters for a given projec
tion year, shown in Figure E.7, Come from the INOUT.xI..S spreadsheet because they 
vary by projection year, The ANNUALX.lS spreadsheet gets used. over again each 
year, so a given year's inputs and outputs are not preserved there. Inputs and out~ 
puts for all years are recorded sid~ by side on the INOm.xLS spreadsheet. 

Figures E.8 and E.9 contain the calcu1ations in the model needed. to produce the out
PUtS in Figure f.lO from the inputs in Figure~ £.4 through £.7. In all cases, the 
variable definitions are given on the lett. and the variable names {and values) are 
given on the right. For the calculations, the formula generating the result is shown in 
the center of the display. 

The variable names for the Excel program are the letter symbols. or adaptations of 
those symbols, used. for the variables in the algebra in Appendixes A through D. 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 o{ two names {or the same item (the 
Jener symbol 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 computation equations in the computer 
program,Ii Only the variables in Appendixes A through D and in the text ofAppendix 

6Excel does not dlsnnguish between lowercase and upper<:ase letters ai ~ names, so It was not 
possible {even if it had beeP demablel ro nnne all the compuer vartables by their lener symbols in the 
rheoretitalappendb"l::s, , 
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Eare in the Glossary. All variables used in the computer pmgram are defined in Fig· 
ures £.4 through E.IO (some are also in the Glossary because the same names are 
used in AppendixeS A through DJ. 
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Appendix F 

SENSlTIVITYTO UNCERTAIN PARAMETERS 

This appendix exarnin~s the effects of uncertainty about the correct values for seven 
parameters on the conclusion that treatment is more cost·effective than supply con
troL The first two, and the most imponant, parameters were analyzed in Chapter 
Four, This appendix extends that earlier analysis to five additional parameters. and 
to interactions among aU seven, 

PARAMETERS ANAL1iZED 

The price elasticity ofdemand is the percentage change in demand caused by a 1 per
cent increase in the retail price of cocaine. TIlls parameter is the fundamental link 
between supply-control programs and consumption. Supply~control programs in~ 
crease the retail price ofcocaine, and that price increase causes consumption [0 de* 
crease-the amount of the consumption decrease being determined by the price 
elasticity of demand.1 

The additional outflow due to treatment 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.2 This percentage is In addition to the percentage of 
"those in treatment who would have quit during the year ~ithout U'eattnent. 

The processing COSI ela.sticiryis the percentage increase in processing cost, at a given 
slage in the production of cocaine, per 1 percent increase in the level of supply con~ 
trol at tharstage (with program level measured by cocaine seizures). Processing cost 
goes up as producers seek ways to reduce the losses caused by cocaine--control pro~ 
grams} 

lyaf the p~ role that the price elasticity of demand plays. In !.be cocaine-control model, stt the 
parameter e in Eqs. (CA) through {C.IO) in Appendix C. 

2Tbe added outflow due to treatment i3 a weighted a\'f:rage of the outflows due to outpatient and 
residential treannent. The Rnsltivity analysi$ 1$ done with a parameter x that 1.£ a multiplier times the 
avt!t'l!&t oudlowrate (12.5 ptl"Cen! in the reference $iruation). For the be$'( estimate of tfteoutfJowfllte • .1:: 
1.0; fOf the low estimate,.x .. 0.75, for the high estimate, .x=- I.S(), St1!' Eq. (D.3) in Appendix D. 

3See the parameter h In Eq. (B.l) In Appendix 8. In this repon's malY'lles. the same value fot this 
plll"<tlnew ~ used in all production stage!l. 

1.5 



The marginal productivity ofsupply control is the ratio of marginal productivity of 
supply control [0 average productivity of· supply C(>ntro~. It is the parameter that 
governs the degree ofdiminishing returns as the level ofsupply control increases {the 
smaller the parameter, the more returns diminish as control increases},4 

The proportion relative CO$tingis the parameter that specifies how much afthe tost 
of cocaine seizures. at a given production stage, is due to the relative size of the 
amount seized (relative to gross production), as opposed to how much of the cost of 
Cocaine seizures is due to the absolute amount of cocaine seized.s The larger this 
parameter, the less supply conttol'5 effects are diluted when the volume of cocaine 
production expands. and therefore the less the industry supply curve slopes do'Wll
ward. 

The high-proportion residential treatments is the proportion of all tteatments that 
must be residential ifall heavy users at the start ofa year are offered creatmentduring 
the year. The proportion of treatments mal must be residential (as opposed to the' 
less~expensive outpatient treatments) increases as more and more heavy users are 
treated, because increasingly difficult cases.are usually encountered. nus parameter 
governs the degree of diminishing returns as the level of treatment increases [the 
greater the paramererthe mOre returns dimuush as treatment increases}.6 

The real discount rare is the rate used to discount future COSts and benefits into cur
rent doUars fO enable outcomes in different years to be compared correctly.7 The 
appropriate rate at which [0 discount future costs and benefits is always conttover· 
sial in cost-benefit analyses. So. as is customary, we include the discount rare in this 
sensitivity analysis. 

, UNCERTAlNlYRANGFS 

The ranges for the sensitivity analysis are presented in Table F.l. The middle value is 
labeled "best." indicating that it Is the best estimate that could be obtained for this 
analysis. The low and highyalues define ranges judged by the authors to include all 
parameter values that have a reasonable chance ofbeing 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 h~h degree of 
uncen:.a1nty about that parameter. Note that the ranges are not necessartly symmet
rical about the beSt estimate. For example, the elasticity of demand with respect to 
price ranges from 25 percent below the best estimate to 50 percent above the best 
estimate. 

4Sef;o the pa,rame-tllf m In Eq'. (B.7} and IB,SI in Appendlx. B. In this report's analyses, me: same value (0. 
this patametU is used in ali production sug.es. . 
5~ the panunHer p In E.q" (B.9) and (B.10) in Appendix B. In this report's analyses, the: same value for 
this parameter is used in ali pnxiuction stages.' 
Osee the parameter W'in Eqa, (D,5) through m,ll) in Appentfu. D. 
7See the parameter Tin Eqs. (E,1) and (£.2) In Appendit E. 



TabIeF.1 


Ranges for Sensitivity Analysis 


Parameter Value 

Parameter Low - High 

Price elastidtyofdemand - • .3lI -0,50 -0.75 
",ddiriona! outflow dtre to treatment (%) 9.9 13.2 16,5 
Processing cost elasticity • .22 0.44 .... 
M;uginall~ productMty of supply contrOl ••70 0.&1 •.90.,.Proportion relative cOMing of seizures O.ID 0.90 
i:Jigh·proportion residential treaunems •.44 0.50 0.58 
Real discount rate 0,02 0.04 .... 

SENSITIVITY RESULTS 

Tables F.2 through F.B 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 annual cost {in millions of 1992 dollars) ofreductng cocaine con~ 
sumption by 1 percent,S and the bottom row shows the ratio of the domestic en~ 
forcement COSt to treatment cost. 

'tableF.2. 

Cost ofRedudng Consumption by 1 Percent Effect ofPrlee Elastieity nfDem8nd 
($_peryearJ 

eonlrol_ -0.38 -0.50 -0.75 

Source-(:Ounny seizures 1084 783 472 
Interdiction 
Domesti<: enrorcement 
TreaDnent of heavy users 

505".
35 

366 
'46 

34 

212 
154 

31 
EnfOru!mentl treatrrnmt 90 7.3 5.0 

T_F.3 

Cost nfReduclngConsumption by 1 Pettent: Effect ofAdditional Outflow Due to Treatment 
(S mlllionsperyear) 

Addltional Outflow Due tp Treatment 
(%, 

Control Program 
Source-eountryseizu.res 

9.9 
796 

13,2 
783 

"'S 
771 

Interdiction 
DomeMic .mfGrcement 
Treaanent ofheavy users 

372
,SO 

" 
366 
246 

" 
300 
242.,., 

Enfpn:ementttreattnenl ',7 7.3 '.0 

eAs in Chaptets Two through Four, thi~ is the cost in the first prpje<;tion year or achieving consumption 
reductions over 15 projection years whose net p.resent value is 1 percent of eonsumpcion in the tim 
projE'Ction year. 
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TableF.4 . 

Cost of Reducing Consumption by 1 Percent: Effect of ProcessIng Cost Elasdclty 
(5 millions peryear) 

Processing CoSt EJasticiry 

Control Program 022 0.44 0.66 
Source-country seizures 1009 783 632 
Interdiction 510 366 2.. 
Domestic enforcement 294 246 213 
Treaanent of heavy users ',33 3.' 34 

Enforcement ftteaanent 8.9 73 6.2 

TableF.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 seizures 9« 783 667 
Interdiction ' 425 366 3.22 
Domestic enforcement 283 246 21B 
Treaanenr olheavy users 33 34 34 

Enforcement/tteaonent 8.5 7.3 6.4 

TableF.6 

Cost of Reducing Consumption by 1 Percent: Effect of Proportion Relative Costing 

of Seizures 


(5 millions per year) 


Proportion Relative Costing of Seizures 

ConlrOi Program 0.10 0.50 0.90 
Source-counuy seizures 
Inren1iction 
Domestic enforcement 
Treaanen[ ofheavy users 

Enfon:ementltreaanenr 

799 
369 
251 

31 
8.0 

783 
366 
246 

34 
7.3 

761 
364 
242 

36 
6.7 

Table F.7 

Cost of Redncing Consumption by 1 Percent: Effect of High· Proportion Residential 

Treabnellls 


(s millions per year) 


High-Proportion Residential Treaonents 

Conttol Program 0.44 0.50 0.58 
Source-country seizures 
Imerdiction 

780 
365 

783 
366 

788 
368 

Domestic enforcement 24S 246 247 
Treaonem ofheavy users 

Enforcementl tteaonent 
31 

7.8 
·34 
7.3 

36 
6.8 



TabIeF.S 

Cost of Reducing Consumption by 1 Pe.rtImt: Effect ofReal Dl.seount Rate 
($ millions peryearl 

Real Discount Rate 

Control Program •• 02 ..... 0.08 

Source-roumryMiz'ures 727 '83 ... 
Interdiction 	 366 414"'. 24'Domestic enfotcemen! 23. 275 

Treaanem: o! heavy users 30 41 

En!()f('.(!lllf!ntlaeaantnt 7.7 7.3'" 6.S 


As we found in Chapter Four, which analyzed the first two of these parameters. the 
main qualitative results of this analysis are not affected by uncertainty about these 
parameter values. As in Chapter Four, the ratio in the botrom row of the tables is al
ways greater than 1.0. This means that even when these parameters are varied to the 
extremes of their uncertainty ranges. there is never an instance where treattnent is 
not more cosi~effective 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 enforcement, which COStS more 
than treatment. 

Figure F.I is a "tornado diagram" ranking the key parameters by their effect on rela· 
tive program cost,9 The scale ar the bottom of the figure gives the cost of domestic 
enforcement as a multiple of the <::OSI of treatment. when both programs are run at 
levels that achieve comparable reductions in cocaine consumption. In other words. 
the scale graphs the ratios: in the bottom rows ofTables F.2 through F.8. 

Price elasticity of de~nd 

Additional outflow cfue IQ treatment 

Processing cost elasticity 

MarginaVaverage productlvity 

Proportion relative costing 01 seizures 

High-proportion residential trea1ments 

Aeal discount rate 

5.3 	 6.3 7.3 8.3 9.3 
Cost of enfon:::ement relative to treatment 

Figure F.t-Tornado Diagram RanJdngthe Degree to Which Uncena1nty in Key Parameters 

Affects Relative Prograin CoS[ 


9See Eschenbach (Ul92) for a general discumonofthe uses of tornado diagramS in Sl'msitivilY analyses,. 



The horizontal scale is centered on the cost ratio. 7.3. which results when this study's 
best estimates are used for an parameters, The horizontal bars extend from the low
est to the highest cost ratio that occurs as a given parameter varies over the uncer~ 
tainty range specified in Table F.L Note, however. that the low cost ratio is not nec

, essarily the result olusing the tow parameter value. 

Not surprisingly, the parameters to which OUf results are most sensitive are the price 
elasticity of demand 811d the additional outflow rate due to rreatment. The price 
elasticity ofdemand directly influences the effectiveness ofsupply-control programs, 
and the additional outflow rate is the most importanr parameter governing the effec~ 
tiveness of treatment programs. 

At the other extreme, the small effect of the real disCount rate is also easy to under
stand. The discount rate would ritake a difference only if the time pattern of COSts 

and benefits differed greatly among programs. In fact. both supply-control and 
treatment ptograffis realize pan: of their benefits immediately (suPPly control's price 
increase causes current consumption to decrease, and treatment causes consump~ 
tion to decrease while people are in treatment) and part with delay (as flows affected 
by the programs gradually change the number ofcocaine users). With time patterns 
ofprogram effects roughly similar, discounting does nor have a big effect on relative 
program performance. 

INTERACTION AMONG PARAMETERS 

Tables F.2 through F.S vary each parameter inaependently. What if all of them vary 
s~mu1taneousJy? In particular, what if aU take on the extreme values in Table P.I that 
favor enforcement? Would enforcement still be more costly than treatment? The an~ 
swer is yes. as Tab1e F.9,shows. When all these parameters are ser to the values'in 
Table F.l that favor enforcemem, the ratio of domestic enforcement COSt ro rreat w 

ment cost decreases from 7.3 to 2.3. a difference of-5.0; but 2.3 is still greater than 
1,0, so enforcement is still more expensive than, treatment, 

TabJeF.9 

Joint Effect ofParamerers on CoSt of DomesUc Enfotcement Relative to Treatment 

Pri«~Wtidty of demand 

Addhlonai outflow dve If) treatment ('5) 


Pro<essing COst elastiCitY 
Marginal/average productivity of wpply control 
Proportion ~lative co$ting ofseUures 
High-proportion teildtntW treatmentS 
Ileal disco1,lIlt rate 
interaCtion effect....-hen all pa;ameu:rs are varied 

TQtal effect when all parameters are varied 

Dev.iaUon from 1,3 When hrameter 

Favors Enforcement FavorsTreatment 

-2.4 2.2 
- loS 1.1 
-:1.1 Ui 
-0-9 1.2 
-0.6 0.1 
-0.5 OS 
-0.5 0.3 

2.6 4..4 
-5,0 12.5 
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MOving in the opposite direction, if all these parameters take'an the extreme values 
in Table F.I that favor treatment, the ratio of domestic.enforcement cost to treat~ 
ment cast increases from 7.3 to 19.8. a change of12.5. 

The interaction tenn is positive in both cases. The decreases in the cast ratio par
tially cancel, and the increases reenforce each other. The interaction tenns can be 
most simply expressed by a multiplicative modeL Ifeach deviation faVOring enforce~ 
ment is expressed relative to 7.3, as in 1- 2.417.3 :;; 0.61. and all the resulting factors 
are multipHed together. the product is 0.31. Multiplying that product by 1.3 gives 2.3, 
which is 5.0 less than 7.3. SImilarly. if each deviation favoring treatment is expressed 
re)alive to 7.3, as in 1 + 2.217.3 = 1.30, and all the resulting factors are multiplied to
gether, the product is 2.79. Multiplying that product by 7.3 give, 20.4. which is 13.1 
greater than 7.3. The 13.1 deviation estimated from the multiplicative model is in 
dose agreement with the 12.5 estimate in Table F.S, which was obtained by running 
the cocaine~control model. 

This multiplicative model for combining the effects of several parameters. (ogether 

with the infonnation in Table F.l, can be used to estimate the effects ofvarying fewer 

than seven parameters joindy. or of varying them over different ranges than those in 

Table F.L Table F.1 shows the independent effects. and the multiplicative model 

converts those independent effects into ratios and multiplies them together to obUtin 

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 

dlfferendy than the multiplicative mqdel However, extensIve sensitivity analysis not 

reported hete showed that the multiplicative-model summary ofsensitivity analysis 

results is a very good approximation to the results obtained from running the de

tailed cocaine-control model. 

THRESHOLD ANALYSIS 

The above sensitivity analyses establish ranges over which parameters can vary, then 
show how that variation affects results. "Threshold analysis" answers the opposite 
question: It shows the circumstances under which domestic enforcemenr becomes 
more cost-effectiVe than treatment~that is. when the ratio ofdomestic-enforcement 
cost to treatment cost becomes less than 1.0. 

Figure F.2 presents a threshold analysis for the first- and second-ranked parameters 
in Figure F.l: price elasticity ofdemand and the additional outflow due to treatment. 
For domestic enforcement to be more cost-effective than treatment. price elasticity 
must be sufficiently high and added outflow must be sufficiently low that together 
they exceed the heavy diagonal-line threshold in the upper ieft comer of the graph. 

The I.WO light diagonal lines in the upper left comer of the graph indicate how the 
chreshold changes if aU the other five parameters are set to the values in Table F,l 
that ravor treatment (upper light line) or to the mues that favor enforcement (lower 
light line), 



Domestic 
enfon:iement Other parameters Other parameters 

. wins favor treatment favor enforcement 
2.0.r--r----r-----:,I'--------, 

.1.5 

, Price elasticity , Treatment wins 
(abso!u1e value 
of % change in 1.0 
demand per 1% 
Increase in price) ..0.5 

0.0 '-__--''-__....J.__....;.-'-__'--' 

o 5 10 15 20 
Additionai outflow due to treatment 

(% added outflow from heavy use of those treated) 

•Figure F.2-Threshold Values ofPrice ElasUdty and AddJtional Outftow, Where Domesdc 

Enforcement Becomes More Cost-Effective Than Treatment 


The solid dot in the diagram indicates the parameter values used in this analysis. 
The arrows ~eading out from the dot show the ranges in the sensitivity analysis, The 
cross fonned by the arrows shows the uncenainry range of the parameters. The 
small size of the crOss relative to the distance from the dot to any of the three 
threshold lines shows the robusmess of the conclusion that U'eatment is more Cost~ 
effective than suppty control. 
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