Abt Associates Inc.

Cambridge, MA
Lexington, MA

Hadley, MA

Bethesda, MD

Washington, DC

Chicago, IL

Cairo, Egypt
Johannesburg, South Africa

Abt Associates Inc,

1110 Vermont Avenue, NW
Suite 610

Washington, DC 20005-3522

Estimation of Cocaine
Availability, 1996-1999

Final Report

September 2000

Prepared for

Office of National Drug Control
Policy

750 17" St. NW

Washington, DC

Prepared by
Mary Layne
Patrick Johnston
William Rhodes


http:Chicago.IL

§
Contents

ACKNGWICBZEMENS vt smmrermmnriamanroiastrritns s seabbescrbanesioss s tassbrssemarnssons i}

i .
Executive Summary v erarS AT T AARAR TSRS ARR YRR PR RS A AR AR TR TR VA TS S SRS 1\

1.

|

2.

W

——— ——_—

§(

¥ 1
T LD ECUI DN virvascor cocnmns tnsunsbnesndsnhant dbs bambrbssmnanrsosnnns rovnnnsnasenatressaatrastrsntsor 1

The STAR Maodel RO ' S 1
Overview .., e
STAR ‘&‘iage zm(i ’I‘razzs;tzon Ezm;ls, ........................................................................................... 4
. Stape 1 Through Stage 5: Cocaine Produstion S18865 .o 4
Stage 1: Previous Year's Net QulIvELON s, vt 4
Stage 2: Net Cultivation in Coment Year v rsrmsnense Scaranassessnnssenns
Stage 3 Met Leal i 5
Stage 4: Base Avatlabiliy.... RO T U TOTOPOTTOOON. |
Mage 5: Cocane Avasiabzizzy at Labs SRS OTUPIRUORPRUROUPION. |
Discussion of Diste Incorporated into Siagf: 2 '1'%zrcugb Stage 5. 3
Stage 6: Cocaine Departing South America... T |
Stage 7: Avatdability st 1S, -Bound ’Z‘mnssthmenz Ccméors and Nazz {} &,JLatzn
ABErICAT MATKOIS ot st s s it s ne bk prameesr e saenassaemrane 9
£Event-Based Data on Cocaine Movements in the Transit Zon€ cooemeorn oo 10
Stage & Cocaine Availabidity at US. Border Entry Regions.. i 12
Stage 9: Cocaine Avatlability at Domestic Retail AT83S5. i v rcrinncscserns 22

Limitations of the STAR Model and Directions for Improvement 26

Applications of the STAR Model emvraressereresssven B 7
(ilobal Accounting Approach.... erciereearteasEeesateiretenseesetasarssinsssvessnmtassennrerasssrasasserviaens GO
Modified Global Accounting Apprt}ach e teeesseataas e rsgeesrsaass reass 2 rvraassavsranssennrennesnars o8 b
1.5 ~Residual Approach 33
CONSUMPLION APDPIORCH. ..ovivtree e res s seset s rrss e crmtess v b esereissesros s assrabassarnssmacrarssssnsseres O
Hybrid Approach... o ey s e ety v a2 37

Conclusion, ivtessrnersnaARSTERASSATAERAR A RASE I bEe e s eaa bt T e Re A et ve 30

Rﬁfﬁmlﬁ"’"‘g RERREESRAREA ¥ AR RE 4;

Appendix A: Summary Tables for STAR Production Stages. . 43

A

&!;}pmdix B: Sources For Enhanced Seizure Data .cicecniinciininns wesese B0

3 n
At Associntas ing, - Tahie of Contants . i

3 ey e E s TR Lol O AR I L. R OT SR OOTUNUROPO 50

Information in Costoms SEIZUre DAl i v s e s oo 34
Information in Coast Guard Seizure Data v ey ssnnasr s vvaenss 97

ppendix {: Techuical Details of the Border Allocation Model . 58

TranapPOUEHON COSIB. . i rrrrr e s re e sraesanzesbrer s sar e ersncrms remsxeas smen e bnrs cavvens £ evasasessesnnans DB



OUHIETS oottt e rn e e o 61

Technical Details of Border Allocation Model........coevvevvciiinrenince s snnecsienseceeennsnenns 03
Limitations of the MOgel ... e as et vasers s ers et snars OO

Appendix D: Technical Details of U.S. Domestic Allocation Model.............crvenveriresnrennsie 67
Limitations of the MOdEL.......coviircinc et sa s san s oo e 68
Appendix E: Transition Tables FOr 1996 ...t ieniaesenssonienssssmsssssassissossane 69
Appendix F: Transition Tables For 1997......ccniennniennne. w70
Appendix G: Transition Tables For 1998......ivinineninn. 71

Table of Contents ii

Abt Associates Inc.




Acknowledgements

The following people provided thoughtful contments on the draft version of the paper; Adrian
W{?ifbez‘g Defense Imelligence Agency: Scott Decker, Professor of Criminology and Criminal
Zzzszzw, Uiniversity of Misgoori-8¢, Louis; Dr. Michael Cala, Policy Analyst. Office of National
ﬁmg Cantrol Policy; Senior Special Agent Frederick Siacey, U.S. Customs Service; and Anne-.
Z*v'{az"ze Bruen, Associate, Abt Associntes, John Lavin, Senior Programming Analyst, Abt

&ssoczazas provided expert GIS programming support and Caben Chester, Analyst, Abt
Associates contribuled able rescarch support.

g

Abt Assoclaies Inc. Estimation of Cocaine Avallabllity i}




Executive Summary

The 1998 National Drug Control Strategy specified five Gosls and thirty-two supporting
-pbjectives that will puide the Government's anti-drug program over the next decade. The
Strategy’s {ive Goals are summarized as: Reduce the supply of and the domand for ilicit drugs 30
percent by year-Z067, The Nations ability to meet thig summary goal depends partly onits
ahility to reduce drug availability through source country programs, fransit zone interdiction, and
domestic law enforcement. '

Irs addition to that ;summary statement, the Office of National Drug Control Policy has set 97
performance targets and 127 assoviated measurss, Twelve of these performance targes have
been designated as Impact Targets. They provide a report card for the effectiveness of anti-drug
PrOgrans. , :

Five additional targets involve supply-side activity, These targets are insteumental toward
increasing the price of illicit drugs, reducing the supply of ilhieit drugs, or both. They are
important because reduced availability and higher prices should promote less drug use.

e By 2002, reduce drug availability in the United States by 28 percent as compared
with the estimated 1996 base year, By 2007, reduce ilkicit drug availability in the
U.S. by 50 percent from the base year.

¢ By 2002, reduce the rate of outflow of illicit drugs from the source zone by 15
percent as cormpared to the 1996 base year. By 2007, reduce the outflow rate by a
total of 30 percent measured against the base year,

o By 2002, reduce the rate at which illegal drugs suecessiully enter the United States
from the trangit and arrival zones by 10 percent as compared to the 1996 base year.
By 2007, reduce this rate by 20 percent as measured against the base year

»  Domestic production ~ By 2002, reduce the production of methamphetamine and the
cultivation of marijuana in the United States by of least 20 percent as compared to the
1996 base year and by 2007, reduce by 50 percent the production of
methamphetamine and the cultivation of marfjusna 25 compared to the base year.

»  Domestic tratficker success - By 2002, reduce by 10 percent the rate at which it
drugs of U8, venue reach the LS, consumer, as compared with the 1996 base year.
By 2007, reduce this rate by 20 percent over the base year

Having adopted this report card for monitoring the success of the Mation”s anti-drug programs,
ONDCP facey & prablem of measuring the achievement of the.performance targets. For example,
o measure the reduction in the rate at which cocaine successfully enters the United States,
ONDCP needs reliable estimate of the flow of cocaine across US, borders. Developing such
estimates is concepiually simple but, operationally, extremely difficuit

ONDCP has made remarkable sinides st developing cocaing estimnates. This report discusses a
new model ~ the Sequential Transition and Redustion {8TAR) mode]l. The STAR mode! tracks
the flow of cocaine hydrochioride (HCT} from the cultivation of coa w source couniry growing
regions, 1o the consumption of cocping m the US, — although 1 could just as easily track

Abt Associates Inc. STAR Model 1



backwards from LR, consumption 10 potential production estimates. Ut can incorperate various
‘: ‘alues — o scenarias - and project the sanpact forward (o U5, consumption, backward to
pozc*zu:zi production, or to any point in between. It containg a micre level component that makes
(:chzme flow prajections by geographic regions and conveyance {ypes. while providing pucro
ievei estimates ot various Stages. Addittonally, new statistical model mg has been introduced into
the madel.

The aurrent STAR maodel, which goas well beyond predesessor ﬁow models, provides the best
gzzmm basis for measuring the flow of covaine from producer nations, through the transit zones,
doross the Natton's borders, and throughout the United States.

The STAR maode] has generated 2 new approach to modeling cocaine that incorparates ONDCP's
tong standing research on 1.8, consurpption as its starting point to work back to the amount of
{iﬁ{}{:aim that departs South Americs. The Hybrid approach is a break from Global Accounting,
which starts with potential cocaine estimates and sequentiaily reduces them by losses, such as
sfeizures and consumption, The basis of (lobal Accounting, potential production, (s itself
cii)zzbtfzzi, and consumption in South Amertea, transit zone courriries, and non-U.S./Latin
American countries is also uncertain, The Hybrid Approach ends by providing estimates of the

-~ amounmt of cocaine that departs South Ameriza and obviates the need for uncertain estirnates such
as potential production and South American consumption. It also provides a new methodology
f?r providing viable estimates of Non-U.S /Latin Ametican flow by calculating equivalent market
I?SS rates,

}

i i ot sl
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1. |ntroduction_

Estimation of cocaine supply is an evolving process. Beginning in 1990, ONDCP determined
cocaine availability by starting with an estimate of coca cuitivation provided by the Crime and
Narcotics Center (CNC) and sequentially reducing it by losses due to seizures, spoilage, and non-
U.S. consumption. The approach, termed Glebal Accounting, provides a useful "macro”
approach to integrating multiple data sets, such as consumption, seizure, and production
estimates. A recently published report on Global Accounting! organized these data sets into
zones (e.g., source, transit, and arrival) to provide a general flow framework for quantifying
cocaine at various stages of movement from source to market.

ONDCP has funded research that builds on and expands previous methodologies, The resultant
approach is the Sequential Transition and Reduction (STAR) model. The STAR model tracks the
flow of cocaine hydrochloride (HC) from the cultivation of coca in source country growing
regions, to the consumption of cocaine in the U.S. - although it could just as easily track
backwards from U.S. consumption to potential production estimates. It can incorporate various
values — or scenarios -- and project the impact forward to U.S. consumption, backward to
potential production, or to any point in between. It contains a micre level component that makes
cocaine flow projections by geographic regions and conveyance types, while providing macro
level estimates at various stages. Additionally, new statistical modeling has been introduced into
the model.

This paper presents details of the STAR model. The next section provides an overview, followed
by a detailed presentation of aspects of the modeling, including specifics about data utilized. In
Section three we discuss limitations of the STAR model and recommendations for its
improvement. Section four details several applications of the model.

I DCI Crime and Narcotics Center (CNC), Defense Intelligence Agency, April 2000. Cocaine: A Global
Accounting for 1999.

Abt Associates Inc. . STAR Modael 1



2. The STAR Model

ke S

Overview

EI‘hf: STAR mode] incorporates various cocsine svatlability estimates into a cohesive, connested
model The model hinges on the notion of a ransition of cocaine from one stage - estitnate of
drug {(or drug precursor} availability, distributed within a specific geographic region ~ 1o the pext
atag,e The transition 1s a computational lick between stages that converts drug {or drug

precut sor) availability at one stage to availability ot another stage, and icludes reductions
(seizures, losses, ete.). Table | details stages and transitions between stages {ncluding
:reduCIions), and lists data sources utilized n STAR. Although the 1able presents stages in
pumerical order, the model 15 not necessarily applied sequentially from slage 1 (o stage 9. For
example, the mode] could just as easily begin at stage 9 and work back -« adding in reductions «
io a potential production number. Altematively, the model could begin with svent-based date and
work backward or forward. The important point is that the model 1s flexibie and not bound to sny
spectfic ordering of stages.

:ic‘ modeél has nine stages and eight transitions. Stages 1 through 4 are production stages, and
Stages 5 through 8 track cocaine HC from Andean growing regions to the sireets of the U.S.
Figure 1 depicts the geographical areas involved in each stage.

Szage 1 begins with net coca cultivation from the last ealendar year. The fransition to Stage 2 -
nst cultivation fn the current year — is the net change, caloulated as the amounts from Stage | plus
new growth minus eradication and field abandonment. Stage 3 18 net cultivation converted into
net leaf amounts, via calcutations performed in Transition 2/3. Stage 4 is the amount of coca base
available from the net leaf, calculated by using conversion factors ublized in Transition 3/4 |

$zz1ge 3 represents cocaine availability at labs and Transition 4/5 links cocaine from growing
f’egi&r&s ta base corridors of movement to the HC tabs, as ideatified in the JACM. Stage 6 and
?rznsziz&a 576 detail the flow from labs to South American departure points. These stages and
transitions involve multiple geographic regions.

§{agc 715 scpamie{i mto two parts, A and B. The transition from 6 10 7A is the amount of
cocaine that arrives at non-U.S. and non-South American markets: e.g. Europe and Canada. The
iz’anszzion from 6 to 7B allocates cocaine that moves through tansit corridors {without being
sczzeé} to specific U.S. border entry points.

Stage 8 is cocaine available at U.S. border regions. Stage 8 uses the Border Allocation Model to
!

ﬁzicuiaw the amount of cocaine entering each U.S. border entry region. Transition 7/8 subtracts
{}uz’ border seizures,

:

L3

S;zagc 9 is the amount of cocaine that successfully passes through the U.S. border and s
transported to various consumption regions within the country. Transition 8/9 incerporates a new
maodeling effort - the Domestic Allecation Modef ~ and accounts for domestic seizures,

Abt Associates inc. STAR Modal 1




Tabie
JTAR Mods! Stages and Transitions

Stage

Stage 1 - Met cultivation in previous year

Siage 2 — Net cultivation in current year

Stage 3 - Net keaf availabiiity at growing areas
Stage 4 - Buse availobility at growing areas
Stage & - Cocaine produced at labs

Stage 6 » Cocaine availability 3t SOAM
departure areas

Brage TA - Avaiishility at pen 115 /Latin
America marketg

Transition and Reductions

Transition 12 Eradication,
abandenment, new growih

Transttton 243 Coca leal yield, leaf
reductions

H

Tranzition 344 Alkalodd content, base Iab-
processing efficiency, base seyzures
Trausition 4/5 Hase movement o
cocaing HUT labs, lob sefrures

Trausition 86 Cocaine HE movement
from fabe 1o Sauth American (SOAM)
departure areas, 80AM cocaine seizures
and consumption

Fransition 6/7A Transit zooe seizures, in
non-11.5. bound corridors,

m?}ma Sources
{NC
CNC

Operation

Breakthrough,
UNC

Operation
Hreakthrough

TAUM

IACM, CNC

" IACM, Interpol

Transition 6/7B Transit 2o seizures IACM, CCBR
and consumption in 115, bound corridors.
Btage TB- Availability a1 U.S rransshipment
corridors,
Transition TH/8 Covaine subsequent ¥DS&S, EFIC,
movenent o 4.8, damestic border Customs seizures
SeIZUIES
Stage 8 - Cocaine availability at domestic Horder
border entry regions Alloestion
Maded
Transition 89 Coczine domestic FI38S, Domestic
moverment, domestie reductions Adiocation
Muodel
Stage ¢ - Cocaine availability 21 domestic retail ONDCP
areas
At Agsociates inc, STAR Modol V4



Figure 1

Geographic Areas of STAR Stages

EL) Girevis Cultivatio
12} Mature Net {Cultivati
P .
Uaca Le

The STAR model is comprised of a series of matrix operations? This matrix formulation has
séveral advantages: algebraic conciseness, ability to project assumptions at any stage on predicted
flows at subsequent stages, and ability to gauge transition probabilities connecting flows, as well
as flow amounts. The model was programmed using the matrix programming language of
SAS/IML (SAS Institute, 1990), a program with powerful facilities for simulating alternative
flow scenarios.

At most of the transitions, the matrix formulation is an accounting framework, incorporating
availability estimates. The information at these “accounting transitions” simply summarizes
available data. At stages 6, 8, and 9 the model is more than an accounting device. At these

i .

2 At each of the eight stages, we have a transition matrix that transforms the input into the predicted output.
Atstage I, vy = v« M), where “*” denotes matrix multiplication. At stage 2, v = v, * M;. At stage 3,
vy =v; * Mj. And so on. The complete model can be written

visvor M=vo* M * M, « My« My* My * Mg » M; * Mg,

W . . .
wl'gerc vg denotes gross hectares by growing area and vy denotes cocaine consumed by U.S. geographical
§ subarea,

Abt Associates inc. STAR Madel 3




stages, the model affords a comparison and potential reconciliation of alternate availability
estimates. Thus, at stage 6, it estimates the inconsistency in cocaine availability estimates by
somparing potential production with event-based estimates of cocaine departing South America,
At stage 8, it compares predicted outputs derived from potential production, event-based data, and
the Border Allovation Model, At stage 9, it judges the difference in availability estimates by
incorporating domestic consumption estimates’. Finally, the Domestic Allocation Model was -
created 1o allocate cocaine entering the U.S. to consumption regiuns.

STAR Stage and Transition Details

We now discuss stages and transitions in greater detail, invluding data specifics, The matrix
formulation allows for differing assumptions — or scenatios ~ {0 be introduced at any transition
and then carried forward {or backward) for comparisons with other scenarios. Although the
following discussiors presents stages in sequential order, the model does not have 1o be applied
sequestially. In Section three we provide examplés of this, while the intent of this section is to
provide details about stages, fransitions, and data incorporated in each, Appendix A containg
surstnary tables, for stages | through 6, by country. Detatled results for each stage and
geographic regions ¢aa be found in Appendices E through F, for 19961998, Future work will
update the § ?&R model for 1999-2600. -

Siage 1 Through Stage 5: Cocaine Production Stages

Stages 1 through 4 oceur in each of the eighteen Andean growing regions (Goaviare, West
Cagueta, East Cagueta, Norte de Santander, San Lucus, Araueca, Putamayo, Macarena, Upper
Hualagas Valley, Central Huallaga Valley, Lower Huallaga Valley, Aguaytia, Pachites,
Apurimac, Cusco, other Peruvian growing areas, Chapare, and Yungas/Apolo/Other). From these
regions, coca base moves to cocaine production labs through base movement corridors.

Stage 1: Previous Year's Net Cultivation

For Colombia, Peru and Bolivia, estimates of the quantity of coca under cultivation are developed
by CNC, using survey methods similar 1o those used by agricultural organizations estimating the
size of their licit crops. A survey is designed using statistically-based sampling techniques,
ensuring that an adequate number of samples are collected over randomty selected argas, as well
as sampling of known growing regions. Selected areas are then imaged, using satellntes and acrigl
photography. Using these images, CNC develops region-specific coca crop estimates, Stage lis |
the previous year's net cultivation estimates.

Brage T Net Cultivation in Current Yaar

Stage 2 represents the current year's net cultivation in each of the seventeen growing areas.
Transition 1/2 is the computational link between previous year's net culavation and current year's

3 W, Rhodes, M. Layne, P. Johmston, L. Hozik, What America s Users Spend an ergaf Drugs, 19881998,
Jane 2600,

Abt Associstas ing. STAR Maodel 4



cu ltivation. The computation considers new growth, ficld abandonment, and eradication ©
dateulate o net change.

?tage 3: Net Leaf

Stage 3 is the amount of net teaf yielded from net caca plants, by growing region. The transition
bezween Stages 2 and 3 applies leaf yield factors to transform the ameunt of net culiivation into
pott.,nnal leaf amounts, measured in metrig tons {MT). Colombian leaf yislds represent amounts
Sf wet leaf, whereas Peruvian and Bolivian leaf yields are for dry leaf. Transition 2/3 inchudes
reductions for licit feaf consumption {obtained from the INCSR), leaf seizures, and leaf not
Harvested — which we assume is one percent of mature hectares.

}

Stage 4 Bass Availability

Stage 4 is the amount of bage created from net leaf amounts, by growing region, Transition 3/4
applies leaf-to-cocaine conversion rates lo the Stage 3 amounts. for each growing region.
”i:masizim 374 incorporates only one reduction, country-wide base seizures, as reported in the
INCSR,

P |
Siwage 5: Cocaina Avallability at Labs

Stage 5 measurcs the amount of cotaine produced at labs. Transition 4/5 follows base from
éxewing regions 1 labs through base corridors of movemeny, as defined in the JACM
q:ub?ications {beginming in 19973, In 1997, three base comridors of movement were identified
{Northeast, South, and Northwest) and in 1998 a fourth was added (West), The STAR modedl
a‘pportions base from growing regions to labs by the percentages of observed movement in the
IACM Reductions in the transition include cocaine lost in lab setzures. Figure 1 presents the
base corridors of movement from CrOWing areas.

Riscussion of Data Incorporated into Stage 1 Through Stage §

Potential cocoine production is caleulated using estimates of Teal yield, leal cosaine alkaloid”
ecntent and base lab processing efficiencies. DEA’s Operation Breakihrough bas provided these
estzmaics for Peru, Bolivia, and (preliminary ones for) Colombia. Note that CNC does not adhere
t& the estimates reported in these Breakthrough publications. Rather, CNC uses hybrid estimates
and no published documentation or vationale is supplied.

2; had been assumed that Colombia was cultivating the poorer vielding variety of cocaine, £, cocu
var ipady and using less officient processing techniques, However, recent cultivation and
production estimates released by UNC (there have been severat revisions over the past year) make
clear that Colombia s not only a major copaing producer, but afso a leading ¢oca cullivator, The
Sg’?&ﬁ mode] incorporstes data as of March, 2000,

E;%gzzrc 2 df’:;}i{:ts changes in the distribotion of Andean potentiai production. Nete that the figure
z:zcézzécs twe lines for Colomina, the lower one representing earlier Colombian estimates and the
h]:gher one representing <mta as of March, 2000, For the years that estimales were revised,
notential production increased by 188% (1995), 17395 {1996}, 180% (1997}, and 164% {1998}

Abt Associates Ing, SYAR Modsl &




These staggering adjustments highlight the uncertainty in the potential production estimates, The
statistical nature of the imaging process allows standard errors to be calculated, which measures
portion of the uncertainty in the cultivation estimates. However, much uneertainty remains. For
example, the deteation of new growing areas is elustve, and eradication figures are dubious.
Additional error is introduced m the calculation of mature !eaf to poiential coecaine production
smounts because uncertainty 15 inherent in the Breakthrough estimates. Further, CNC doesn’t
strictly apply the Breakthrough estimates, but rather creates some sort of hybrid estimates, and
this introduces even moyre potential uncertainty, Finally, there have been reports that Peru’s coca
industry may be recovering?, )

Figure 2 shows that while production in Bolivia and Peru has drapped, Colombian production has
soared, Accounting for only 25% in 1995, Colombia’s contribution grew to 68% by 19995,

Centainly, additional modeling would aid it understanding any dynamic uncertainty and perhaps
in modeling aliernative estimates. At a minimum, apphong time-series techniques to the raw data
could reduce what appears 1o be considerable random variation from vear fo year.

 Defense Intelligence Agency, 1999, Interagency Asscssment of Cocaine Movement: August {999
Gighteenth Bdition, Mid-Year Review, p, &,

Abt Associnles ing, ETAR Model 6
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Stage 6: Cocaine Departing South America

This stage reports the amount of cocaine that departs Scuth America from various departure
points. Transition 5/6 is the link between cocaine labs and South American departure points,
ghrough HCI corridors of movement as defined in the TACM publications (beginning in 1997
;I'he model apportions the flow of HCI from labs to departure points by the percentages of
ohserved movement in the IACM. Figure 3 depicis the HCL corridors of mavement,

Eleductions taken in this transition include source country seizures {INCSR) and spoilage, which
we assume is one percent. We do not account for source couniry consumption because there have
‘?efzn no studies that provide convincing estimates.

Trangitions 473 and 5/6 must be considered tentative for several reasons, First, data on
E‘z‘zcvemrmts of base and cocaine within the source countries are incomplete. Second, data on
Insses due to base spoilage and source country consumption are fragmentary, imprecise, or

Abt Associaies Inc. STAR Modei 7




nonexistent. Finally, Transition 4/5 assumes that base movement corridors are independent of
growing areas and Transition 3/6 assumes that HC movement corridors sre independent of lab
locations. Neither assumption is realistic. Nonetheless, it is useful to begin to model these two
transitions, as base and HCl movement may become more detectable in the future. Additionally,
the matrix formulation is sufficientty flexible to acconmodate varying assumptions sbout
corridor distnbutians. |,

1l
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‘Stage 7: Availability at U.S.-Bound Transshipment Corridors and Non-U.S./Latin American
Markets

Lrage 74: Non-U.S./South American Markets

Stage 7A is the amount of cocaine that departs South America and successfully arrives at non-
U.S./South American markets. Transition 6/7A links cocaine departing South American
departure points to non-U.S./South American markets. Seizures in non-U.S. bound corridors are
included in the transition.

'Stage 7B: Availability at U.S.

This stage is the amount of cocaine that departs South America and successfully transits through
U.S.-bound corridors (Caribbean, Mexico/Central America, and Direct to U.8). Transition 6/7B
apportions cocaine from South American departure points through corridors of movement that are
destined for the U.S. via conveyances (noncommercial and commercial air, noncommercial and
pommercial maritime). For the cultivation estimates, we make two assumptions: cocaine leaving
from Colombia transits all three corridors; cocaine leaving from departure points in Peru, Ecuador
or Bolivia transits through Mexico/Central America only. Flows among corridors and
conveyances are apportioned in the same proportion as flows in the event-based data.

During Transition 6/7B, we incorporate event-based data on cocaine departing South America by
corridor and conveyance combinations, Reductions taken in the transition include transit seizures
and transit country consumption, which we assume to be three percent of the flow.

[deally, Transition 6/7B would include conveyance combinations, In the Mexican/Central
American corridor, the most prevalent combination is to use noncommercial maritime to get part

Abt Assoclates Inc. _ STAR Model 9




of the way through the transit zone and then to use land conveyance to travel the rest of the way.
There are some secondary movement events listed in the CCDB, but they were not included in
STAR.

Event-Based Data on Cocaine Movements in the Transit Zone

The IACM uses an event-based, interagency consensus methodology to quantify cocaine
movement through the transit zone. Event-based data in the Consolidated Cocaine Database
(CCDB) combines two efforts: the Interagency Counterdrug Performance Assessment
Workgroup (ICPAWG) and the [ACM, The ICPAWG -- established in 1992 to measure the
performance of international drug interdiction -- maintains a database of Ainown drug movements
in the transit zone, with a destination of either the U.S. or Canada. Known events are
distinguished by (1) seizure or observation of drugs; (2) observation of activity that couid not be
reasonably attributed to anything other than drug- smuggling; (3) highly reliable intelligence.

In 1996, the interagency group developed a cocaine flow assessment methodology to determine
the amount of cocaine that departs South America along major trafficking routes’. A degree of
uncertainty for these events was accepted to allow a wide spectrum of cocaine flow information.
Three types of uncertainty exist in the data: uncertainty in the amount of cocaine transported,
uncertainty in the existence of the event, and uncertainty about how much cocaine remains
undetected. For example, if the quantity of cocaine recorded in the database for movements from
South America directly to Florida consist exclusively from seizures, then we can assume with a
high degree of certainty that more cocaine was moved but not detected. This type of uncertainty
is importarit because it can be used to show that cocaine movement via commercial means
directly from South America to the U.S. as well as from South America to Europe is
underestimated.

Table 2 includes event-based estimates of cocaine departing South America, for 1996 through
19985, Part of the variability from year to year in these numbers 1s attributable to evolving
methodology associated with any new estimation approach. There are other more subtle reasons
as well, '

The difference from 1996 to 1997 can be explained by (a combination of} increased operational
and intelligence detection capabitlity in the Eastern Pacific in 1996 (especially during the second
half of the year), and a very loose definition of the lowest certainty level events in the database,
the possibles’. These two aspects were corrected procedurally in 1997, by tightening up the
definition of possibles. In 1997, the tightening of the definition of possible, as well as the return
to [ower detection in the Eastern Pacific (due to the cessation of effort); led to a lower count in
1997.

5 The results are included in the transit zone section of the IACM publication.

& We used movement events from the CCDB for our calculations, and they differ slightly from figures
published in the IACM. See Cala, 1999,

? One type of event category -- “Did Not Develop” (DND), used almost exclusively by JIATF East — was
eliminated in 1997. .

Abt Associates Inc. . STAR Modsl 10



Differences i 1998 can be traced 10 two phenomena: detection increages and a change in
-imwzz:'ﬁg methodology, Huorricane Mitch destroyed the Pan-American Highway and forced
sraugglers to take alternate routes. Many switched to the Eastern Pacific where -- in anticipation
of these smuggler changes -~ detection had been increased. Detection rates also increased along
ithe north coast of Colombia to Panama, a resull of interdiction asset aliocation re-distributions.
{The changs in the couming methodology refers to the elimination of the “Panama Calculation.”
This caloulation was used before 1998 and sllowed for mavement départing Panama while at the
xame time ensuring that movement into Panama did not result in double counting. ‘

Event-based data 1 intfroduced to STAR in Transition 6/7 - departure poeints in South America to
conveyance and transit corridors. It allows us 16 examing inconsistencies between event-based
;!.at;z and the potential production estimates,

i W
The event-based methodology signaled problems with the older Colombian cullivation estimates,
atxd, in large part, led to the reassesament of these figures.

R

" Table 2
Event-Based Cocaine Amounis Departing South America

By Transit Carridor, 1998.1893 {bulk metric tons}

1996 1997 1998 1999
{Caribbean [74.5 1384 1603 228
Mexico/Central America 417 2507 31846 277
| (ritect 1o U5, 1.2 439 514 is
Non U.8. Destinations 42.8 626 64.5 75
Unknown 2.3 - 1.0 .
Tatal 652.7 4956 595.8 5878

Mg i W Dby, A e A "t e e TV e T = W i o g gl
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Stage 8: Coczine Availability 3t U.5. Border Entry Regions

Stage 8 is the amount of cocaine that successfully passes into the 1.8, by border entry regions.
Transition 7B/8 converts the amount of cocaine passing through the traasit zone - by movement
corridor and conveyance type - into amounts entering U.S. borders by geographic region and by
conveyance type. The transition table redistributes the input flow estimates across the LS,
border. We assume that shipments passing through the Mexican/Ceniral American corridor
terminate at the southwest border {in proportion seizures in each conveyance eategory) and that
shipmenis in the Caribbean and Direct to U.S. corridors are distributed in proportion to berder
seizures seross six of the border regions and conveyance combinations,

Reductions taken during this transition account for seizures at the border using an enhanced
seizure database created for the STAR model. During stage 8 we introduce the estimates from
the Border Movement Model (discussed in Section 5) of covaine arriving to 1.8, regions, by
CORVEYEnre ypss.

Enhanced U.S, Seigure Date

These data differsntiate serzures at the border from other domestic seizures. We created an
enkunced sefzure database that contains rich detail about each seizure. We started with data from
DEA's Federal Drug Seizure System {(FDSS) for calendar years 1991-1998. FDISS data contain
nio duplicate records ~ each seizure in the FDSS is uniquely identified by a Federal Drug
Identitying Number (FDIN), climinating the risk of double counting. The FIISS includes federal

Abt Assaoclates Inc, ‘ STAR Modal {2



mcamc seizures of 500 grams or more, Because the FDISS data excludes non-federai seizures,
these seizures are not available in the enhanced seizure data,

?Z}SS contains limited details about each seizure, so we augmented the FDSS dota with agency-
spaczf‘ic seizure data (Jinking these data to the FDSS by the FDINY. Customs seizure data
mc;:lude::s country of origin and more detailed information about conveyance, Other

SL.ppl ementary data came from the Coast Ouard, the El Paso Intelligence Center (EPIC)
Border/Land Interdiction Seizure System (BLISS), and the CCDB. The EPIC data covers seizure
’evems occurring at the United Sta%ﬁf@iexzcaﬁ border and up to 150 miles inside the United
’States

I{Appendix A details specific varigbies from each of these data sources, When FDSS data is
}ve;mrled by other sources, we use the FIDXSS data as the "master™. The exception to this is that we
use EFIC data for southwest border seizures.

1

‘Border Seizures

We classified seizures at the border {arriving from foreign countries), by conveyance types
Z{zmncemmezcmi and commercial air, nencommercial and commercial fnaritime, noncoruuercial
and commercial vehicle, rail and pedestriang) and geographic region (Florida, Gulf Coast,
Norz?zeasz Southwest Border, Puerto Rico/Virgin Islands. and Rest of U, S ~including POEs
alon_;, y the Canadian border}®,

’Thez‘e is » definitional difference in seizures 8t the southwest border and all other border areas.
lE}”IC s definition of 2 southwest border extends 130 miles into the U8, since the drugs likely
came from Mexico. In Florida, by contrast, the border does not extend inland, slthough it would
Seem Just as plausible that the drugs came across the Florida border, This issue points to the need
for a consistent definition of a border seizure.

‘We undertook to identify a border seizure, and to classify it by conveyance type and by
Fge{}graphic region:

1. Seizures on the high seas were excluded from FDSS data because they are included in teansit
zone sezures.

2. To identify seizures along the southwest barder, we used information from EPIC. We
classified any car, four wheel drive, motorcycle, pickup muck, recreational vehicle, station
wagon, taxi, fowed vehicle, of van as a noncommercial vehivle. Additionally, if the *type”
variable indicated “intrusion by vehicle at border {not POE)” or “vehicle at POE™, we
classified the conveyance as a noncommercial vehicle. Conveyanve was assigned as
commersia! velncle for tanker fruck, bus, troctor trailer, tratler, or wrecker, If the type

- variable indicated “on foot at border” or “pedestrian at POE”, then the conveyanes was
assigned as pedestrian, And finally, if conveyance type was train. the seizure was assigned to
the rait conveyance category.

& Qur border spizures figures differ from those reported by EPIC in the JACKM. We were unable 1o obmin a
deseriplion of their methodology.

ihbz Associates ing. STAR Modsl 13
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To categorize maritime border seizures, we checked Customs information, specifically
whether the conveyance arrived from non-U.S. locations. If so, and if the conveyance was
listed as a commercial vessel, then commercial maritime was assigned. If conveyance was
listed as a fishing or private vessel, then noncommercial maritime was assigned. We used
Coast Guard and CCDB information to identify maritime seizures that occurred outside of
ports of entry.

To categorize border seizures from air conveyances, we again checked Customs information
to determine if the conveyance arrived from non-U.S. locations. If so, and if the conveyance

was listed as commercial air, mail, or express consignment, then commercial air was
designated as the conveyance type. If conveyance was listed as private aircraft, then
noncommercial air was designated. We also consulted CCDB data on air conveyance
sefzures.

5. Finally, we examined 113 border seizures classified by Customs as “other” or “no transport

involved”, individually to determine if they were border seizures.

Figure 3 presents a plot of total border seizures for the years 1991-1999. Overall, border seizures
have decreased 31.5%, from 61,9 MT in 1991 to 42.4 MT in 1999. The chart also includes a two-

year moving average line to smooth year to year variations. Table 3 details border seizures, by

conveyance types.

In Figure 4, smoothed seizure (three-year moving average for southwest border and two-year
moving average for all other areas®) figures are plotted by region, for the period 1992 through
1999. Seizures on the southwest border (the solid line at the top of the figure) have remained
relatively constant over the period. Seizures in Florida (the dotted line at the top of the chart)

have declined over the period, while seizures in Puerto Rico/Virgin [slands steadily increased.

? A two-year moving average for the southwest border still yielded considerable variation from year to
year.

Abt Associates Inc. STAR Model
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figum 3

¢
Soizuras at The 1.5 Border, 16811998 (bulk mstric tons)
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Table 3

Border Seizures, 1881-1389 {hulk metric tong}

1991 1692 1903 | 1054 1995 1696 1997 1998 1999
Commercial Al 5.5 6.2 1.7 T4 9.6 6.1 6.3 30 70
Commercial Maritime 285 i34 203 1.5 10.5 22.2 150 144 it
Commercial Vehicle 34 7.3 54 2.9 3.1 7.7 54 7.4 9.4
Nencommercial Alr 6.9 4.4 3 2.6 . bo 0.9 03 (.4 0.0
Noncommerciai Mariime 9.3 4.2 72 10.4 244 12.2 11.8 8.7 7.2
Noncommercial Vehicle 7.0 115 5.6 9.3 b1, &8 73 112 137
Pedestrian 14 3.2 0.2 1.4 36 09 0.9 1.7 -
Rail 0.0 123+ S 4 00 0.0 0.6 8.0 0.0 -
Taotal {(bulk MT) 61.9 :59.3 T 883 %3.6 68.4 894 374 46.4 42.4

Figures for 1999 abtained from £} Pose Intsiligence Cener. 1049 Soushwest border seizures wers into seinares ot povts of entry (9.4 MT). beiween pons of ey
(3.6 M), and at traffic stops/checkpoinis (15,3 MTL We have put the port of entry saizures inte the commervis] vehicls colegory and e other two types of
seizurss inda nengoramerciat vehicles.

- indieates »o data availabic.
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Figure 4

Smoothed Seizures in Border Entry Regions, 1991-1999 {bulk metric tons)
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Border Allocation Model

S'tage 8 introduces a new modeling effort, the Border Allocation Model. This nonlinear,
elconomic model allocates cocaine arriving at the U.S. border to border regions and to conveyance
types. In particular, the model predicts the percentage of cocaine arriving to specific regions, by
specific conveyance types. Cocaine amounts are then obtained by multiplying the percentages by
tl;w estimated total. The proportions can be employed in the allocation of amounts based on any
estimate of the amount of cocaine arriving to the U.S5. For example, using percentages generated
bly the Border Allocation model, cocaine amounts estimated via event-based data can be allocated
to specific U.S. border regions and conveyances (after subtracting transit zone seizures and
consumption). Any amount that the STAR mede) incorporates (including potential production
estimates) can be distributed into conveyance/border region combinations. Appendix C provides
d;ctails about the methodology used in the Border Allocation Model.

Abt Associates Inc. STAR Model 17



The Border Allocation Model uses damx on ULS, border seizures and the cost smugglers pay 1o
transport cocaine from Colombia to the U8, Do on U.S. border seizures were obtained from
the Enhanced Seizure Database, and data pertaining o ssupgler iransportation cosis fram
Customs Reports of Investigation.

Tuble 4 and Table § show the average number of metric tons seized, and the percentage of the
tote] amount seized, for each conveyance and border region combination. Nate that seizures from
fand conveyances in Flortda, Gulf Ceast, Nertheast, and Puerto Rico/Virgin Islands (PR/VI) are
tmpossible and these region-conveyance combinations therefore contain structural zeros. Thig
vontrasts with sdserved zeros (such as that obtained for Gulif Coest, commercial air) where the
this region-conveyance combmation is feasible, but no occurrences were observed.

Averaging over the eight vear period, 45% of wotal seizures occurred at the southwest border
{SWB) and 34% a1 the Floride border. In terms of conveyances, 31% of the seizures occurred
upon commercial marine ships, while noncommercial vehicle, noncommercial marine,
cammergial vehigle, commercial gir, snd noncommercial air accounted for 28%, 16%, 12%, 10%,
angd 4%, respectively.

Table 6 shows how the Border Allocation Model allocates the 1otal cocaine quantity amriving at
U.S. borders to specific border regions and conveyance types. The model predicts that —
aversged over the years 1991-1998 — 48% of cocaine destined for the U.S. arrives at Florida via
commereial marine cosveyances and 37% arrives ot the southwest border via commercial zod
noncempnercial vehicles, Note that the distribution of cocaine amouris {Table 8) differs
congiderably from the distribution of cocaine seizures (Table 53, This is because estimates of
cocaine mmounts are not simply proportional to seizures, For example, even though cocaine
seizures for Florida via commercial marine are only 21% of ol seizures, the proportion of the
total ameunt ransported through this region-conveyance combination 15 48%. This occurs
because wansportation costs were relatively high in this case (83,568 compared to the mean of
$3,111), which, assuming constant total wansportation costs, implies that the probabijity of
seizure, and therefore seizure costs, were relatively low, Thus the amount seized was a relatively
tow percent of the amount shipped to Florida via commersial marine.

Figure 5 plots the amount of cocaine arriving at each border region for the period 199141998,

"The mode! indicates that most cocaine erering the LS. does so via Florida and the southwest
border. Taking the eight-vear period as a whole, quantities arriving at the southwest border have
increased at the capense of guantities armiving at Florida, Al other regions have remained fairly
constant, with the exception of Puerte Rico/Virgin Istands, for which the model predicted a jump
from 11 MT in 1996 to 42 MT in 1997, '

"Abt Assesciates Inc. STAR Modoi 18



Table 4

Border Seizures (bulk metric tons): Average Over Years 1991-1998

f

Border Noncom. Commercial Noncom. Commercial Noncom. Commercial
Region Vehicle Vehicle Air Air Marine Marine Total
Florida - - 1.0 4.6 3.5 14.1 23.1
Gulf Coast - - 0.0 0.0 0.8 1.5 2.3
]Northeast - - 0.0 1.3 0.0 2.9 4.1
‘PRNI - - 0.9 0.2 4.6 1.3 7.0
',SWB 18.8 8.3 0.5 0.3 2.2 0.8 30.8
‘.xRestofU.S. 0.0 0.0 0.2 0.1 0.0 0.3 0.7
{ Total 18.8 8.3 2.6 6.5 11.0 20.9 70.0
i indicates nol applicable
]
h
X
3
‘Table 5
Border Seizures {percent): Average Over Years 1991-1998
f
! Border Noncom. Commercial Noncom. Commercial Noncom Commercial
t Region Vehicle ~ Vehicle Air Alr ) Marine Total
Marine :
Florida - - 1.5 6.8 5.1 20,7 34.0
} Guif Coast - - 0.0 0.0 1.1 2.2 3.4
Northeast - - g.0 1.9 0.0 4.2 6.1
PR/VI - - 1.3 0.2 6.8 1.9 10.2
SWB 27.6 12.2 0.7 0.4 3.2 1.2 45.3
‘RestofU.S. 0.0 0.0 0.3 0.2 0.0 0.5 1.0
Total 27.6 12.2 3.8 9.5 16.2 30.7 100.0
= indicates nol applicaple
STAR Modsl 19
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Table 6

Percent Allocation of Cocaine By Border Region and Conveyance: Average Over Years 1991-1998

Border Noncom, Commercial Noncom. Commercial Noncom, Commercial’
Region Vehicle Vehicle Air © A Marine Marine
Florida - - 0.3 2.2 1.3 47.9

Gulf Coast - - 0.0 0.0 0.2 1.7
Northeast - - 0.0 0.5 0.0 3.3

PR/VI - - 0.2 0.1 1.5 1.2

sSwB 7.8 28.8 0.2 0.1 0.5 0.9

Rest of U.5. . 0.0 0.8 0.1 0.0 0.0 0.4

- Indicates nol upplicable

Figure 5
Border Allocation Model: Amounts by Region {pure metric tons)
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Figure 6 plots model estimates by conveyance type. The model indicates that the conveyance
types of choice for cocaine smugglers are commercial vehicle and commercial marine. Although
it is likely that noncommercial air actually plays a large role in transporting cocaine, the model
does not capture this because the typical flight stops just short of the U.S.- Mexican border.
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Figure 6 shows that, over the eight yéar period, conveyance by commercial vehicle has increased
fat the expense of conveyance by commercial marine: commercial vehicle increased by 78% (from
?l to 162 MT) and commercial marine decreased by 29% (from 286 to 203 MT). These
‘estimates are consistent with Colombian drug lords aliowing Mexico-based trafficking
‘organizations to play an increasing role in shipping cocaine to the U.S. Indeed, taking Figures 8
rand 9 together, it would appear that there has been a shift in smuggling from Florida via
commercial marine to the southwest border, via commercial vehicle,

Figure 6
Border Allocation Model: Amounts by Conveyance (pure metric tons)
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Stage 9: Cocaine Availability at Domestic Retail Areas
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Cocaine at this stage represents the amount of cocaine arriving to U.S. consumption regions from
U.S. border entry regions. Transition 8/9 incorporates domestic (non-border) cocaine seizures.
Table 7 details non-border, domestic seizures in each of the ten Census Divisions, for 1991-1999.
There has been a 38% decline in seizures between the beginning and end of this period.

The Pacific, West South Central, and South Atlantic census divisions have the highest number of
seizures averaged over the period 1991-1998, with 13.5, 12.8, and 7.9 metric tons, respectively.
The Pacific region has experienced the steepest decline in setzures.
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Table 7

14
L]

Non-Borde‘{‘, Domaeastic Seizures, By Census Divisions, 1891-1898 {bulk melric tons)

l jiieat 1982 1993 1994 1565 i0u6 1997 1908 {909
New England 4.5 G.1 8.1 8.3 8.4 3.0 o.1 4.1
_ {7%:) (0%} (0%} (0%} 0%} {10} {0%) {0%)
dlzd Atlantic; 189 4.0 37 5.4 30 5.5 53 0.4
_ {17%) {7%) (8%} {10963 £6%:) { 10%:} {18%) {19%)
izast North Central 1.8 1.5 B 4.1 14 A 2.9 4.5
{2%3 {2%;3 {23 {7%) £3%) (3%} {8%) {8%)
West NorthiCentral . 83 4.5 i 1.3 0.6 0.2 04 408
{6%) {1%) A2%} {2%} 1% (0%} {1%%) {1%)})
Seuth Atlantic 2.6 14.0 5.3 34 6.4 99 49 3.0
{15%) £23%; {12% {990} {14%} {18%) (§6%) (14%)
faxt Somh Central i2 1.6 1.2 27 a5 i4 0.4 04
Q%) 0% G% @W 0% 0% (%) (i%)
West Southit entral i2.2 10.2 14.3 4.0 149 12.2 9.6 15.%
19%) {17%} £32%) (23%) {3G%) {22%) {32%:;} {28%)
Mountain 2.6 37 {8 4.4 4.7 83 0.6 47
i £4%%) (6% (3%} {7%:) (107%) {15%:} {2%) {8%)
Pacific  § 182 23.1 174 0.7 137 0.1 4.9 8.0
2 : {(28%)  (38%) {28%) {33%) (29%) €19%) {13%) (12%y
Puerto Rico/Virgin Islands i3 17 43 31 2.3 532 52 4.7
i

{5%) (4% (10%) (5%} (5%) (10%} (7% (8%

“Fotal (bulk MT) 64.1 61.4 447 61.3 46.6 543 304 58,7 404
i N

" . . .
Census dwmfm breakdowns unavatiable st this hme,

i

|

:Damesric Allocation Model

{The Domestic Allocation Model was created to allocate cocaine entering the 1.5, 1o consumption

regions. The premise of the model 1s consistent with a classic operations research ransportation
-'pmblcm: given the quantities of cocaine entering the domestic market at the six border regions
(southwest border, Floride, Puerto Rico/Virgin [slands, southeast, Gulf Coast, and other 11.S,
dcstmanons} and given the quantities demanded in each of the ten ULS. census divisions {New
F ngland, Mid Atlantic, East North Central, West North Central, South Atlantic, East South
C'entml West South Central, Mountain, Pacific, and Puerto Rico), it is assumed traffickers
determine the allocation that satisfies demand in all divisions while minimizing lotal
transportation costs, Standard linear programming techaigues were used 1o sofve this problem.
Appendix ) provides detatls of the model.

;”f‘i’ze Domestic Allocation Mode] and the Border Allocation Model can be used in parallel. For
instance; if the Domestic Allocation Model estimates that 65% of cocaine coming in at the

: ;Abf Associates inc. STAR Modal 23




Florida border ends up in the South Ailantic region, and the Border Allocation Model estimates
that 170 MT of cocaine arrives at the Florida border, we can conclude that 65% of 170 MT, or
110.5 MT of cocaine, is transported through Florida to the South Atlantic region.

Table 8 shows, for each border entry region, the percentage of cocaine moved to each
consumption region. Taking these estimates at face value, we would conclude that cocaine
smuggled in at the Gulf Coast, Northeast, and Rest of U.S. stays in that general area, while
shipments through Florida, Puerto Rico and the southwest border go to other regions. In
particular, 90% of the southwest border’s imported cocaine is distributed to other areas, reflecting
the increased role of Mexico-based traffickers'®.

Table 8
Percent of Cocaine From Border Entry Regions to Census Divisions, 1998

Puerte Rico/Virgin Southwest

Florida Gulf Coast Northeast Islands Border Rest of U.S.

New England 0 0 100 50 0 0
Mid Atlantic 35 0 0 29 13 100
E. North Central 0 0 0 0 27 0
W. North Central 0 Q 0 6 0
S. Atlantic 65 0 0 Q 0 0
E. South Central 0 100 0 0 4 0
W. South Central 0 0 0 Q- 10 0
Mountain 0 0 0 Q 9 0
Pacific 0 0 0 0 31 0
Puerto Rico/Virgin 0 0 0 21 0 0
Islands

19 Drug Enforcement Administration, August 1997, Changing Dynumics of the U.S. Cocaine Trade.
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Consumption Estimates

Every two years, Abt Associates estimates and reports the amount of cocaine consumed in the
U.S. in a report to ONDCP, What America’s Users Spend on fHegal Drugs’!. Table 9 captures
estimated U.S. cocaine consumption amounts and purity, by year. Consumption and purity levels
have remained fairly constant over time.

Table 9

U.S. Cocaine Consumption Estimates
{pure metric tons)

1991-1999
Year Purity (% Amourit

E 1991 84.7 299.0
1992 85.6 273.0
1993 83.3 296.0
1994 85.8 305.0
1995 84.8 304.0
1996 83.0 288.0
1997 83.1 312.0
1998 81.9 291.0
1999 81.9" 276.0°

[ata are unavailable, so the 1998 figure is repeated.

b .
Estimated.

L ]
l” Rhodes, W., Layne, M., Johnston, P., Hozik, L.1995. What America’s Users Spend on lllegal Drugs,
1988-1998. May 2000.

1
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3. Limitations of the STAR Model and Directions

for Improvement

While these results give insights into detatled patterns of flow, the STAR maode] has impoﬁant

limtations. Some, but not all, of these deficiencios can be ameBorated by refining the stages and

classifications of the model, by incorporating additional daia, and by undertaking data

improvement and alternative estimation procedures, such as modeling the dynamics of cultivation

data. Two more difficult problems remain:

x

{. The model includes no time dimension. It takes time to grow crops, process them into
cocaing, transport the product to destination countries, and distribute that product within

destination couniries. This temporal dimension 1s highly relevant 1o understanding the flow
of cocaing, but it is difficult to know whether cocaine detected in transit this year was grown
and processed earlier in the year or grown and processed last year, and stored in 4 stockpile.

The model is static rather than dypamic and thus lacks economic perspective. For example,
decisions by farmers in South America to cultivare or not (o cultivate cocaine are influenced

by trends in the demand {or cocaine in the United Staies, but the model ingorporates no
feedback mechanisms by which market conditions i the LLS. can affect supply, or vice-

versa, The mode! includes mo calculus for predicting future cocaine flows based on current

trends in either demand or supply. Flicker and Nilsson {1996} developed a dynamic

ecoromic maodel based on the assumption that the cocaine market is “demand-driven,” i.e.,

that opportunities 1o produce and transport cocaine are so plentiful, and profit margins so

favorable, that substitute cartels of producers quickly arise to replace cartels that are put out

of business or that can no letger enforce monopolistic contrals over production and
distribution. Flicker and Nilsson provide very useful inferences about the dynamios of the
cocaine tride; similar approaches would increase the STAR s utiity,

-Abt Agsociates ne, STAR Model
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4. Applications of the STAR Model

lFigure 7 diagrams the regions in the cocaine flow system: South America, transit zone countries,
‘the U.S., and non-U.S./Latin America markets (e.g., Europe and Canada). Additionally, there
‘may be cocaine shipped from non-U.S./Latin America to the U.S. or vice-versa.

{Three quantities are consistently measured: cocaine production, seizures, and U.S. consumption.
‘The problematic pieces of the system are estimates of potential production and consumption in
:South America, transit zone countries, and non-U.S./Latin American countries., CNC has
attempted to provide estimates for these areas, however they are extremely preliminary and exist
{for onty one year. Additionally, there is uncertainty i the cocaine production estimates, as
discussed in Section 2.

|

'I Figure 7

Component Regions of the Cocaine System

United
States

Markets

Transit
Zone

e
South
America

Because transit zone country consumption is considered to be minor, we concern ourselves with
thrce cocaine markets: South America, the U.S., and non-tj.S./Latin America. There is a great
deal of uncertainty in the amount of cocaine consumed in South America and non-U.S./Latin
Amerlca markets. ONCP has been estimating U.S. consumption for some time and these
estlmates have been accepted by the drug community. Table 10 presents various approaches we
gxplore for measuring unknown consumgption amounts,
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Table 10

Estimation Approaches

Appro:ch

Quantities and Data Sources

South American Supply

U.8. Consumption Non U.S./LTAM Consumption

Globul Accounting

Modified Global Accounting

Consumption

U.S. Residual

CNC production and

consumption estimates

CNC production and

consumption estimates

Estimated

CNC production and

consumption estimates

ONDCP consumption  Estimated

estimates

QNDCP consumption, Estimated

estimates

ONDCP consum'plion CNC consumption estimates

estimates

Estimated CNC consumption estimates

Hybrid Estimated ONDCP consumption  Equivalent market loss rate
estimates estimates
Abt Associates Inc. STAR Model 28



F
Global Accounting Approach

This is the method incorporated in the recently published report on Global Accounting by the
intelligence community., The unknown components estimated are Non-U.S./Latin America
‘consumpzion and South American consumption, both of which are thought to be on the rise to
izom;zcrzsa{f: for the gap between growing cocaing production (due 10 increasing Colombian

. cuirivation) and stable 7.5, consumption.

Table 11 repons the results of this methodology, which begins with an estimated range of
gwtential cocaine and sequentially reduces it by seizures. While it dees acknowledge and atterpt
%0 deal with vanious uncertainties, it includes vague notions such as “coefficient of corruption™ --
jan undetermined, but possibiy significant, amount of cﬁcai{zc that reenters the systemn due to
%hcft or corrupt practices”. While such an ocourrence seems plausible, until the numbers gre
shown {0 have validity, we are skeptical about the current estimates,

g&s the table shows, the estimate of Non-U.8./Latin America consurnption includes 3 large range
af uncertainty. as does potential production. The approach seems tentative at best,
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Table 11

Giobal Apgounting Approach, 1998-1839 (pure metric tons) *

Stage Description Transition Operations Low - fhgh Source
5 H{H Labs ' 633 9*5 © NG
Source Zone Seizures’ {653 (50} JACM
Source Zone Consumption  {175)  {12%) ONC
6 Departure areas ‘ 415 743 Cateulated
NonLTAM Seizwres'  (40)  (30)  1ACM
7A Noo-U.$./LTAM markets (1103 {(300)  Estimated
Transit Zane Seizures’ {89 (303 IACM
Transi anie xﬁomum;zzéca {25} {15} CNE:
3 U8 Transshipment Corridors " 400 330
Arrival Zone Seizures {50} {45) EPIC
8 Entering the U.5. 400 | 305
Bomestic Setzures {30) {23} FDSS
9 Retai] L8, ) 320 286 ONCoOp

nciudes 10-20% corroption factor

Sourcer DO Crime and Nargotics Cenger (CNC), Defense Inelfigonce Ageney, Aprd 2000, Cocainer A4 Globol
Accannting for 1998
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Modified Global Accounting Approach

This is the method is similar to Global Accounting, but uses the STAR model (and its
assumptions) to calculate amounts. It begins with CNC cocaine production estimates and
sequenttally reduces it (with reductions described in Section 2), including an estimate of the flow
to non-U.S./Latin American markets. This is estimated in the model by using event-based data.
These data are used to calculate the proportion of non-U.S. bound events to ail events in event-
'ibased data to apportion flow leaving South America to non-U.S./Latin America markets.

'The model includes licit leaf consumption in South America, but does not attempt to include
illicit consumption. An assumption is made that transit zone consumption is three-percent of the

Hlow through the region. We don’t include any compensation for the so-called “corruption

Yfactor” because there are no precise data. '

1Table 12 presents the results and shows that there are several problems with this approach. First,
'the one-percent spoilage rate is based on conjecture and while it seems reasonable, it is a still a
 guess.. Second, the three-percent transit country consumption rate is also a guess, but the
‘esttmates it provides falls within the range suggested by CNC (15-25 MT). Third, since non-
T'U.SJ'Latin America flow is calculated based on event-based data, it is dependent on the ability to
*detect cocaine movements and is much lower than estimates provided by the Global Accounting
: Approach.

T he estimate for U.S. availabilitly is unrealisticaily high because there is no estimate for South
fAmerican consumption. Clearly, this approach is unsatisfying.
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Table 12

Modifiad Global Accounting Approach, 1996-1998 (pure metric tons}

Stage Description Transition Qperahons 1996 1997 1948 Source
3 HUY Labs 841.4 TILE O 7man Calculated
Source Zone HCI Seizures (18.4) 1507 [67.01 INCSR
Source Zone HC! Speilage (8.4} (3.7 (7.4 19
Source Zone Consumption Uninown  Unkaows  Unknown
6 Cieparture Areas 4.6 7154 $28.1 Calsulated
Mon-LTAN Selaures {1553 {3063 {346} TADM
Non-U.S/LTAM '
7 B ;
TA Markets 333 748 550 Estiigted
Toward U.S, 423 6108 5483 Caleulated
LLE .- Baund Transit Zong
Spirures s (7.5 {66.3} IACM
3% of US, flow,
118 Baund Transit Zone
Consmption (1893 £17.8} {159} excluding direct fo
US. flow
118, -Bound
T8 Fransshipment §79.4 52082 agsan Caleutated
Lomidors
Enhanced sei
Arrival Zone Seizures (48,9 H4TN 380 phafees seizre
: dazabasa
& Enzering the 115, 4303 473.2 4383 Caleulated
Domestic Sebures {43.43 (2s.m (45 53 FDSS
5 Bomti U8, : 3834 4482 1525 Calcutated
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U.S.-Residual Approach

This method is similar to the Modified Global Accounting approach and beging with ONC
cocaine production estimates and sequentially reducing it with losses to estimate USRS
consumption. This procedure differs form Madified Global Accounting o that we include ONC
estimates for South American and ransit country consumgtion, as well a3 amounts flowing ©
non-U.S./Latin America markets (we use the mean of the range reported by ONC, without
compensating for the corruption factor).

Table 13 reports the results. The calculated residual cocaine available for ULS. consumption is
extremely low.
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Table 13

U.S.-Residual Appreoach, 1998-1993 (pure metric tons)

Stage Description Transition Operations 1998 Source
5 HCI Labs 702.1 Calculated
Source Zone HC! Seizures (67.0) INCSR
Source Zone HCI Spoilage (7.0 1%
Source Zene Consumption {147.5) CNC
O Departure Areas - 480.6 Calculated
Non-L.TAM Seizures (24.6) [ACM
7A Non-U.S/LTAM
Markets (185.0} CNC
Toward U.S. 271.0 Calculated
U.S.- Bound Transit Zone
Seizures (66.3) 1ACM
U).S.- Bound Transit Zone
Consumption {20.0} CNC
1U.S.-Bound
78 Transshipment 184.7 Calculated
Corridars
Amival Zone Seizures (38.0) Enhanced seizure databuse
B Entering the U.S. 146.7 Caleulated
Domestic Seizures (45.8) FDsS
o Retail U.8. - 1009 Estimated
Abt Assoclates Inc. STAR Model 34



;Cmsumpti{an Approach

In this method, we begin with U.S. consurmption and work back 10 cocaine availability at South
Jamerican labs, We include CNC’s estimates for South American and transit country
consumpiion, as well as amounts flowing to non-U .8 /Latin America markets (we use the mean of
the range reported by UNC, without compensating for the corruption factor).

The results are displaved in Toble 14, The estimated amount, availability at HC labs, fils
tyward the high end of the range ONC reports for potential production

3
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Table 14

Consumption Approach, 1998 {pure matric tonsg)

Stage Description Transition Oparationg 1w Source
5 HC! Labs !835,2 Estimated
Source Zong HU! Seizures T INCSR
Source Zone Consumption < {147.3} LN
e Dcp;artufa Areas é:,?{}.‘? Calruinted
Non-LTAM Setrures 124 463 JALHA
" Non-U.S/LTAM '
Markets 830 CNC
Foward {15, 4611 Laloulated
14.8.- Bound Transit Zone a
Seizuscs {6433 ACM
{1.5.- Bound Transi? Zone ”
Consumption {20.0) CNC
11.8.-Baund
7B Transshipment 3748 Cotelared
Corridors
Asrival Zone Seizurcs {38.0) Enhunced seizure databaze
g Entering the 115, 336.8 Caleulated
Deamestic Seizures (45.8) FDSS
g Retaii L.5. ONBCP

251.0

Abt Associatas Inc.
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Hybrid Approach

SN e v ek

VThe Hybrid approach incorporates historical price and purity series data as the starting point and
yworks backwards to an estimated amount of cocaine that departs South America. This approach
Lhas the benefit of avoiding the problematic estimation of South American consumption and
"potential production, both of which have considerable uncertainty. The model éstimates transit
'zone country consumption at three-percent of the flow through the region.

—

‘ .
The Hybrid approach incorporates a new methodology to estimate cocaine flow to non-U.S./Latin

‘America markets. Figure 11 presents the estimation technique, referred to as the equivalent
{marker loss rate. It assumes that the ratio of U.S.-bound arrival and transit zone seizures to U.S.-
ibound flow is equal to the ratio of non- U.S./Latin America-bound arrival and transit zone
seizures to non- U.S./Latin America U.S.-bound flow. We use a two-year moving average to
Ymooth non-U.S./ Latin America seizures, which are highly variable from year to year.

‘Figure 11

Equivalent Market Loss Rate

’ TZ Seizures{A) T.'H

[

-
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Figure 15 details the estimates from the approach. The advantage of the approach is that it
terminates at South American departure areas, so there is no need for the uncertainty inherent in
the potential production estimates and South American consumption.

The greatest uncertainty with this method is in non-U.S./Latin American consumption. The
equivalent market loss estimates appear reasonable and have been increasing, which agrees with
increased South American consumption and constant U.S. demand.
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Tabie 15"

Hybrid ﬂtpproach, 1996-1999 (pure metric tons)

Stage Description Transition Operations 1996 1997 1998 1999! Source
G Departure Areas 5324 5959 563.9 574.0 Extimated .
Non-U.S/LTAM Seizures {19} (30.6) (24.6) (39.4) TACM
i
Non-U.S./LTAM Equivalent Market
A Markets @80 (98.7) (88.3) (105.2)
Loss
Toward U.S. 435.3 460.6 451.0 429 4 Calculated
U.S.- Bound Transit Zone
: [
Seizures (44) (71.5) (66.3) (60.7) ACM
. 3% of U.S. flow,
11.5.- Bound Transit Zone
Consumption (9.3) (10.4) (10.0) (213 excluding direct to
LS. flow
U.S.-Bound
7B Transshipment 382.0 384.7 374.7 3474 Calculated
Corridors
. ) Enhanced seizure
Arrival Zone Seizures {48.9) (477 (38.0) 4.3
databasc
8 iEmering the U.S. 3300 3370 136.7 313.1 Calculated
g Domestic Seizures (45.1) (25.0) (45.8) (37.9 FDSS
9 i Retail U5, 287.9 IR 291.0 376.0 ONCDP
"The STAR r;vodcl was not used to generate results for this year, future work will estimate 1999-2000 data.
H . .
CNC estimates
¥
IAmounts arE: derived from EPIC data.
T
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5. Conclusion

Available data are an imperfect reflection of true cocaine flows, but the STAR model provides a
means of incorporating differing data within a cohesive structure. Analysts are able to examine
detailed flow resuits as each estimate is carried forward or backward, inspect inconsistencies, and
evaluate the impact of each estimate. It provides a setting for more detailed analysis of specific
transition points. The Border A_fllocation model is an illustration of this, but the STAR model can
accommodate and would benefit from additional modeling efforts. The model is a power
platform for expressing specific research findings within the context of other analysis and

estimates,

We have used the STAR model to examine various approaches to estimating cocaine availability
and demonstrated that the Hybrid approach is the most useful. It obviates the need for uncertain
estimates such as potential production and South American consumption. It providesa new
methodology for providing viable estimates of Non-U.S./Latin American flow by calculating
equivalent market loss rates.
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Appendix A: Summary Tables for STAR Production
Stages

Stage 1: Net Cultivation for Previous Year {hectares)

1996 1997 1998 1999

| Colombia _ 50,900 67,200 79,535 101,836
Peru ) 96,400 94,400 68.800 51,000

| Bolivia 48,600 48,100 45,844 38,043

| Andean Total 195,900 209,700 194,179 ' 190,879

}

;

! Stage 2: Net Cultivation for Current Year (hectares)

f’ 1996 1997 1998 1999
Colombia 67,200 79,535 101,836 122,535

1 Peru 94,400 68,800 51,000 T 38,700 '
'Bolivia. 48,100 45,844 38,043 21,840
Andean Total 209,700 194,179 190,879 183,075
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Stage 3: Net Coca Leaf (metri.f: tons)

Includes Reductions Taken

1996 1997 1998 1999
Leaf Not Harvested (1%) 672 795 1,018 -
Licit Leaf Consumption 0 0 0 -
.Leaf Seizures 0 0 -
Net Coca Leaf 299,872 343,920 433228 521,645
Peru
Leaf Not Harvcste(;l {1%) 944 688 510 -
Licit Leaf Consumption 10,000 10,000 10,000 -
Leaf Seizures 99 147 133 -
Net Coca Leaf 162,824 118,692 84,565 69,200
Leaf Not Hurvested (19%) 481 458 380 .
Licit Leaf Consumption 13,300 13,300 13,300 -
Leaf Seizures 76 él 94 -
Net Coca Leaf 48,100 55,969 19,042 22,800
Net Andean Total 510,796 518,586, 556,835 613,645

Abt Associates Inc.
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i.aat Yield Faciors, By Growing Area {mefric tons of leaf per hectara)

Colambin
Ciuaviare
W, Cagueta
E. Caqueta
Narte c'ie Suntander
San Lucas
Arauca
Putamayo
Mucarena

Pery

Lpper Hallaga Valley
Aguaytia
Pachitea
Ceniral Hallaga Valley
Lower Hallaga Valley
Agurimae
Cuseo
Other
Chapare
Yungas/ Apolo

Cihier

1656

4.7
4.1
4.7

19

47

39

4.7

2.1

2.5

i2

1.86

hH

£.00

1067

4.7
4.1
4.7
iR
4.1
4.7
39

4.7

2.1

1.7

2.1

1.6

2.8

A

97

1.00

{08

4.7
4.1
4.7
39
4.1
4.7
iy

47

2.1
1.7
2.1
1.6
1.3

25
3.2
1.64

59

1.0G

1999

4.7

4,1

4.7
39
4.4
47
KR

4.7

2.1
1.7
21
1.5
1.3

26

1.2

1.19

14

.00
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Laaf To Base Convarsion Factors, By Growing Ares

{
_ Al Ymrsn
Colembia
(uaviarg 956:1
W, Cagueta B89
£ Cagoeta 1023:1
Narte de Santander : 639:]
San Lucas L0591
Araucs 9593
Putamayo {0301
Macarena 959:1
Peru
Upper Hallaga Valiey 400:1
Aguaytia 401
-Pachitea 41
Central Hallaga Valley M|
Lower Hallaga Valley 41
Apurimag 40|
Cusce 4k}
Other Al
Bolivia
Chapare 1831
Yunzas/ Apolo K3
Other 3121
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Includes Reductions Taken

Stage 4: Net Coca Base {metric tons)

i 1996 1997 1998 1999
$l: Colombia
Base Seizures - 21 14 k3 *
g Net Coca Bage 284 334 4058 534
f Peru
Base Seizores i 9 20 -
Nzt Coca Base 3% 288 192 173
Rase Sewzurss 7 7 & *
Net Coca Base 165 152 103 69
et Andean Total 841 714 02 THd
Abt Associatas Inc, STAR Madel 47




Stage 5: Net Cocaine Produced at Labs (metric tons)

Includes Reductions Taken

Base Corridor of Movement 1996 1997 1998 I_?ﬁ
North
Seizures From Labs NA NA 0 -
Net Cocaine Produced NA NA 35 -
Northeast \
Seizures From Labs 0 0 0 -
Net Cocaine Produced . 841 681 590 -
Northwest
Seizures From Labs . 0 0 0 -
Net Cocaine Produced NA 3l 35 -
Southern
Seizures From Labs NA 0 0 -
Net Cocaine Produced NA 62 - 42 -
Net Andean Total 841 74 667 -

Abt Associates Inc.

STAR Model

48



T —— Np A Ve e BN

Stage 6: Net Cocaine Available in South America {metric tons)

Includes Reductions Taken

HCI Corridor of Movement 1996 1997 1998 1999
Colombia
1% Spoilage 8 6 6 .
Cocaine Seizures 38 43 62 -
Net Cocaine Available 795 593 508
Peru-Ecuador
1% Spoilage NA ! ¢ -
Cocaine Seizures NA 3 2 -
Net Cocaine Available NA 58 40 -
1% Spoilage NA 1 1 -
Cocaine Seizures NA 5 4 -
Net Cocaine Available NA 64 30 -
Net Andean Total 795 715 628 -
I
]
]
Abt Assoclates Inc. STAR Model 49



Appendix B: Sohrces For Enhanced Seizure Data

Information in FDSS Data

FDIN
Drug Nome
Weight in Grams
Date of Seizure
State :
Seouthwest Border Flag - value is Y™ if setzure was made on southwest border
Conveyance Type:
Atrorsft
Business
Cargo
Internai (budy)
Mail
Crther
Person
Residence
Unknown
Yehicle
Vessel
Location ~varies by conveyvance type
Aircraft - airport or ity
Busginess - street address
Cargo — airport or ¢ity
Internal (body) — airport or ¢ity
Mail ~courier or city
(rther — latitude/longitude or city
Person — oity, street address, terminal name, or name of port of entry
Residence - street address, ity
Unkrown — tai/long or city
Vehicle — street address, ¢ity, name of port of entry, or Border Patrol checkpoint
Vessel - lat/long, city or name of port of entry

Conveyance ID ~varies by conveyance type:
Aireraft — flight number or location of drugs in aircrafy
Buginess ~ name of husinesy
Cargo ~ bill of lading number, type of courier
Internal (body) - mumber of pellets or flight number
Mail - o3ty or bill of lading number
Oither - coniainer number, street address, or business name
Porson - flight number, Iivense plate number, carry location infon body
Residence - sireet adkiress or Jocation in house {room}
Unknown -~ various things that con’t be categorized
Yehicle - type of car, license plate number {with siate)

Abt Assoclates Inc. STAR Model 8¢



Vessel - vessel name

Enforcement Activity:

] Abandoned

{ Buy/Bust

! Buy/Walk

Controlled delivery
Consent search
Eradhcation

Free sample
Interdiction
Clandestine laboratory
Other/unknown
Reverse undercover operation
Search wartant
Traffie stap
Undercover operation

Abt Aassociates Inc.
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Information in EPIC BLISS Data

DATE
TIME
DAY

ZONE

Date of Incident
Time of Incident
Day of Incident
EPIC defined Seizure Zones within the SWB States
AZO - Arizona siate Hae to 113 degrees west
AZO2~ 113 degrees west 1o 111 degrees west
AZB3 - 111 DEGREES west to New Mexicoe state line
CADQ! — Pacific Coast to 116 degrees west
CADZ — | 15 degrees to Artzona siate ling
NMO1 - New Mexico west of Texas
NMOZ - New Mexico north of Texas

TXG1 — Anthony, TX o 105 degrees west
TXO2 ~ 108 degrees west to 102 degrees west
TXE03 - 102 degrees west to 100 degrees west
TX04 - 100 degrees west 1o 99 degrees west
TXO0S 59 degrees west to 98 degress west
TX06 - 98 degrees west to Texas Gulf coast

LOCATION  City, State, Couniry

HWY
T

ENTRY
TOT

5

R

BC

CZ

ST
YEAR
MAKE

Highway Seizure Location (sf applhieable}
Type
A — Abandoned
[ — Intrusion by vehicle at border {not POE)
N~ Investigation .
F - On foot at border {net POE)
0 -~ Other
P ~ Pedestrian at POE
T - Traffic stop seizure
L - Train
U — Unknown
V — Vehicle at POE
Kind
B — Between port-of-entry
P — Through port-of-entry
1J - Unknown
Entry zone {if known) CAQI, etc,
Number of Suspegts Detained
Sex {(M-male or F-female)
Race
Birth Country
Citizenship
Yehicle Registration State
Year Vehicle Built
Vehicle Make

MODEL  Vehigle Model

Abt Associates Ing, STAR Model
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TYPE Yehicle Type
RUS. - Busg
CAR —~Car
) 4WTI - 4-Wheel Drive
! MOR - Motorcyele
) FOT - On foat
TR ~ Other
PUC - Pickup truck with camper
PUT - Pickup truck withaut camper
REC - Recreational vehicle
STW - Station wagon
FNK — Tanker Truck
TX1 - Taxi
TOW - Towed vehicle
TRC ~ Tractor/Trailer rig
TLR ~ Frailer
TRN - Train
TRK - Truck
YAN - Van
WERK ~ Wrecker
§L£}C Concealment Location
, FRG Type of drug
{ AMOUNT Amount seized
f MARKING Drug marking/packaging

"

Abt Associates Ine.
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"Information in Customs Seizure Data

Port

Conveyance Type
Autp
Bus

Commercial air
Fishing vessel
Bicyele

Commaercial truck
Train

Maoloreyele

Other

Yan

Private aireradl

Mail

Truck

Commercial vessel
Pedestrian

Private vessel
Express consigatnent
No transport involved

Discovery Dats

Agency Participation:
Discovering
Seizing
Participated in seizure
Atr Operations Branch

Itinerary Info:
In/Gut Bound
Date
From

Coriveyance Info:
Type
Searched?
Retzed?

Yessel Name

Flight #

Search Type

&bt Associates ing,
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Resuiis

3
4

Abandoned
Binz

l Dog Alert
X-Ray

Enforcement Aid Used

‘Long-range night vision system
Non-airborne infrared sensor devices
Airbome radar system

Mobile 3-d radar

Airborne {lir system

Airborne radio &/{ equipment
Unattended ground/sea intrusion detection system
UHYF scanner

Remaote CCTV

Hand held night vision devices

AR

Intel
Aurntel

~ Marine units
C’1
Other
Plane

Enforcement pr{}ﬁic

Helicopter

Beeper

Transponder

U.8.CS fixed radar side
Buster (density detector)

= oy, S e

B

L Containerized
ﬁ?iaczz of Discovery
Place of Seizure
Qty

FDIN

Weight Determination code

Abt Associates ing,
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Nbr of Packages

Pkg Type

Country of Origin

Export

Destination

Concealment Location

Body cavity (including swallowed)
On body

Clothing

QOther body (including dead body)
Suitlcase

Trunk (as in luggage)

Box

Other bag

Mail parcel

Cargo

Auto/truck

Vessel

Aircraft

Other (bus, train, motorcycle, etc.)
Camper

Within cargo container

Express consignment package

Not concealed

Concealed inSecret Compartment

Abt Assoclates inc.
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i * a L
iinformation in Coast Guard Seizure Data
:

Amount (1bs)

Date of scizure

Coast Guard Disirict

Drug seized

Flag country

Location

State

Seizing unit

]
Vessal name

g'\fesaei type

§ .
*Information sources

Abt Associates Inc.
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Appendix C: Technical Details Qf the Border
Allocation Model

In this appendix we desenibe the Border Allocation model in considerable detail. The model utilizes
data from the Enhanced Seizure database and dafa about fees smugglers receive 1o deliver cocaine 10
the U8,

Transportation Costs

As used in this report, transportation cost 1s the amount it ¢osts to ship cocaine from the source
country 1o a particular LS. border destination vig a particular mode of transpartation.” This cost does
not include the cost of lost cargo due to seizure, which is addressed subsequently.

Transportation costs were obtained from Customs Reporis of Investigations (ROIs) and from seizure
and intelligence reportsi?, Using Customs BRS text search capability, we designed a query to extract
those ROIs, intelligence reports, and seizure reports that contained explicit ransportation cost
information for 1989 through 1999. 14,328 reports were retricved. We then used the textusl
extraction programming language, PERL — fitst to soreen for referances to cocaine, and - next, to
screen for data pertaming to ranspottation costs. The first and sccond stages reduced the 14,328
reports to 6,131 and 836 reports respestively. The RO data extraciion process is summarized in
Figure C1.

[n some cases, payments consist of a portion of the load {in-kind payment}, with or without a cash
payment. Because these transactions are difficult to identify throngh the ROf extraction process, and,
therefore, would likely be under-represented, we excluded them. We siso excluded data prior to
1991, the earliest year for our serzure data, leaving o total of 613 transporiation cost observations.

We categorized these 613 observations by geographica)l region (Florida, the southwest border, and
Rest of the 11.8.) and by conveyance lypes {(noncommaercial and commercial air, noncommercial and
commercial marine, and poncommercial and commereial vehicle), Transportation costs for “Rest of
U.8.7 were applied (o the three regions that are identified in seizure (but not in transportation) data:
northeast, Puerto Rico/Virgin Islands, and Rest of U8, Table C1 summarizes the cost data in terms
of the average cost per kilogram, for 19911998,

12 Layne, M., Rhodes, W., Chester. C., The Cost of Doing Business for Covaine Smuyglers, March 2000, Abt
Associates Inc. Repori prepared for U.S, Customs Service.
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Figure C1

RQI i)a:a Extraction Process "

All Customs Reports of irmvestigation

(1989-1999)

=

N

Tabie €1

-

Transportation Casts by Region and Conveyance {§ per kilogram); Averaggu Over Years 188119498

Border Noncorm. Commercial  Norcom. Commarciai  Noncom. Commercial
Regiorn Yehicia Vehicle Alr Air Marine Marine
Faorida - - 82,188 53,238 32,852 82,802
SWB 5452 SH70 $2,141 '$3, 647 53,530 $3,716
RestofUS,  $1,371 82, 8%4 $2,788 $2,882 §2,932 53, 304
TR S A e apg};zmhle :
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Transportation costs for land conveyances (commercial/non commercial vehicles) crossing the
southwest border are much lower than elsewhere, because they do not include the costs associated
with the air or sea journey from Colombia, only with the cost of driving the cocaine from Mexico into
the U.S.!3. We adjusted costs for land conveyances such that they represent the full cost of shipping
from Colombia to the U.S. The Mexican transportation cost adjustment problem is complicated by
the fact that Colombians pay Mexican traffickers in kind (generally 35 to 50 percent of the shipment)
rather than in cash!4.

Colombians pay Mexican traffickers up to one haif a kilogram of cocaine for each kilogram
successfully delivered. Thus, the adjusted transportation cost of shipping 1 kilogram consists of two

components:

1. Cost of shipment from Colombia to Mexico: $1,400'5,
2. The in-kind cost to the Colombians.

From the Colombian perspective, the in-kind cost of shipping one kilogram is:

Wholesale price in Colombia ($2,00009):; .5 x $2:000
Transportation cost from Colombia to Mexico: S5 x 51,400
Total Colombian In-Kind Cost: $1,700

The two costs, when added together, created the adjusted the transportation cost of $3,100.

For land conveyance costs to the rest of the U.S. (i.e. from Canada), we simply used the
transportation cost for Colombia to Mexico, or $1,400, as no other estimate was available.

Transportation Cost Smoothing Model

The transportation cost data contained several figures that were inordinately high or low. Because the
Border Allocation Model is sensitive to very high or low cost values, we smoothed the cost data by
modeling and removing outliers, A suitable model for the cost data appeared to be a multiplicative
model (with no interaction} with coefficient of variation (standard deviation divided by the mean)
proportional to sample size.

13 Costs for moving cocaine from Canada into the U.S. are higher, suggesting that poverty in Mexico leads to
lower prices for snuggling services,

14 During the late eighties Colombians were paying the Mexicans cash fees for transportation services. One
Mexican group shipped large quantities of Colombian-owned cocaine across the border to warehouses.
They refused to release the load to Colombian wholesale distributors until they were paid their
transportation fees. Over a three-month period in 1989, 40 metric tons were seized from various
warehouses in the U.S, (including 21 metric tons from a single warchouse in Sylmar, California — the
largest cocaine seizure in U.S. history). Since then, Mexicans have adopted an in-kind arrangement.

I3 Senior Special Agent Frederick J. Stacey, U.S. Customs Service, 1999.
16 Ibid,
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E(Ciy) = exp(Region; + Conveyance;) _
CV(Cig) = d/ng

In these expresstons, a cost observation from the ith region and jth conveyance at the sth time period
is represented by Cy;. The mean and coefficient of variation of C,; are E(C;5) and CV(Cy;),'and the
number ot data points in ifjth combination is ny;. The constant ¢ is to be estimated. This model
represents a considerable simplification of the original cost data, and one which residual analysis
appears to support. We note, in passing, that the specification of the cocfficient of variation is not

critical, in the sense that consistency and asymptotic normality are known to hold, even under mis-
"a.‘;peciﬁcation.”

}Outiiers

The transportation cost data contained several costs that were inordinately high or low. These
outlying costs were detected, and subsequently removed, in the context of the multiplicative model
above. A cost observation was deleted if its residual was sufficiently large - the residual being the
difference between the observed cost and predicted cost given the region and conveyance. Of course,
in order to gauge the degree of discrepancy, it was necessary to know the probability distribution of
residual prices. For normal linear models, the standardized residuals (residuals divided by their
standard errors) follow a standard normal distribution and the probability of a large residual is readily
calculated. In the case of the above multiplicative model, deviance residuals (which are
approximately normaily distributed under an assumed gamma response) were used in an analogous
‘way!8. '

E

* By rejecting cost observations with large residuals, one hopes to exclude a high proportion of the
erroneous data and a low proportion of the genuine data. We chose a quantile threshold such that the
. probability of excluding genuine data was 0.01. We deleted data in an iterated fashion because our
§ experiments with simulated data indicate that iteration increases the probability of detecting outliers.
| This occurs because the distribution of deviance residuals in early iterations is artificially dispersed
because of the presence of inordinately extreme residuals which will be absent from subsequent
iterations. In this case, no further outliers could be detected after the ninth iteration. Of the 613 cost
observations, 82, or about 13%, were deleted. Given our 1% probability of excluding genuirie data,
we infer that approximately 12% of the cost data were actually erroneous, Table C2 shows some
examples of excluded data.

17 Fahrmeir and Tutz, 1994, pp.52-55

P

1 '8 McCullagh and Nelder, 1989, pp. 37-40
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Tahle C2
Exarmples of Cost Qutliers (5 per kilagrami: Florida by Commercial Air

iteration  Year Reaion Convevance  Reporled Predicted  Dev. Resid
1 1598 Florida Comau 30 3,144 -3.8
1 1498 Finrids Lomiir 23,0060 3,144 1.5
2 18ud Fiorida {omAilr 417 2. 5983 =3.0
3 1548 Flonds CornAle £45 3,074 -2.8
4 1898 Florrda LomAl B -1 3¢ 3,104 2.7
7 1888 i 2.6

arida ComAlr 324 3,088 -Z.

Table C3 shows the smoothed conveyance cosis {i.e., outliers removed) actually used in the Border
Allocation Model., The model implics, among other things, that Florida's costs are consistently 4%
higher than other regions, and that commercial marine is 14% more expensive than commercial air,
1R% mare expengive than noncommercial maring, and 19% more expensive than noncommercial air,

Yable C3

Smocthed Transporiation Costs by Region and Conveyanca ($ per kg): Average Over Years 1991.1898
Border §eg;icn Noncom, Commarcial  Noncom, Commercial  Noncom. Commercial

Vahicle Vehicle Alr Air ; Maring Maring

Florida - - $2, 998 $3,136 53,017 $3,568
Guif Coast - - §2, 882 §3,015 $2, 4960 $3,431
Northeast - - 52,883 $3,018 52,960 $3,431
PRV - - 52,882 53,012 52,900 £33, 432
SWH $3,067 $3,569 $2,87% £31, 907 52,853 $3,422
Restof £1.8, 53,0715 $3,578 52,882 83,015 2,900 $3,431

~ MUIE3ES ROL apPHCabIE

Based on conveyance costs alone, the least expensive route info the LS. Is by noncommercial air
through the southwest border, What then prevents the entive cocaine flow destined for the US. fro
entering via this route? :

We consider two, possibly equilibrating forces. One is that, for 2 given region and conveyance, the
probability of detection - and therefore the cost of selzure —~ ncreases with the otal quantity shipped,
Highly traveled routes probably atirset harger quantities of ULS. enforcement assets, and low-risk
methods {(o.g. fiying at might} tend o be crowded out as more smugglers use them.  Another possible
equilibrating force is tha preference fo choose a border close 1o the ultimate U S, market. However,
we did not pursue this second possibitity because transportation costs within the 1S, are negligible
enmpared to external transporiation costs.
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iTechnical Details of Berder Allocation Model

i

"The mode! used here is essentially an economic one that assumes that smugglers choose to minimize
Qotal ransportation costs and thus, 43 a group, unwittingly equalize total transportation costs across all
‘routes {region-conveyance combinations) and times. We assume that the toial iransporeation cost for
the fth route at the Ah time, Kug, 18 the transportation cest, Ciy, (the sum required to ship cocaine from
its source to the ith region i the U8, via the jth conveyance type) plus the seizure cost, Z,; {the cost
associated with the cargo being seized). From the viewpoint of a Colombian shipper, it is assumed
that the cast of seizure is simply the replacement cost of the lost cargo. This is just the probabiiity of
seizure, Py, times the cost of producing a metric ton, V.. Since costs of production have been
reasonably stable!® over the last decade, we take V) to equal V. The probability of being seized for
the #th route at the #th time is simply the expected amount seized as a fraction of the amount shipped,
E{Sy) Ty

We further assume that Colombian shippers choose routes such that transportation costs are equal
across all region-canveyance combinations and tmes, that is, K, = K for all i/, This behavioral
L assumptiion is based on the grounds that if one route were cheaper than others, smugglers would
{increase sctivity through that route, thus increasing the likelihood of seizure and increasing total
stransportation costs, until equality prevailed. Similarly, if smugglers expected next year's total
transportation costs 1o be lower than this year’s, they would choose to store spme cocaine this year
and ship it next vear.

Summarizing the above assumptions algebraically, we ¢an express the total transporiation cost
associated with the ith region, jth conveyance, and 1th year ag

Koo Gy + Zig
e Ci[j g Pm-‘v’
= Cig + (B Tl V

Solving for E(S,y) and writing the amount through the th route in 2 given year as a proportion of the
{ total amount during that year, Ty = (3,7, we obfain

p E(Sig) = TylK - Cy YV ]
= (B T{K - Cig)/V {1

T these expressions, Si; and O,y are observed variables, while 3y and K are parameters 1o be
estirnated. Incidentally, the quantitics T, and V do not affect the estimates of By the key parameters
of nterest,

As it stands, with 217 parameters and 224 observations, model {1) is almost saturated, The 224
seizure ohservations result fom the 28 routes (six regions times six conveyances minus gight
structural zeros} over eight years, and the 217 parameters result from estimating K plus 27 fis in each

%

' Sendor Special Agent Frederick J. Stacey, U.S. Customss Service.”
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_year {the 28%is § minus the sum of the first 27 since the 28 probabilities must sum to unity}. In
passing, w¢ note that even a fully saturated model (model (1) with cight distinet K8} is not entirely
triviad inasinuch as it prevides information that is far from obvious by an inspection of the data,
Nevertheless, high parameter models tend to over-fit the data at hand, and we improve on this state of
affairs by letting By be 2 parsimonious function of time, 3= fi{t).

Three stinple pelynomial functions were considered. ones that allowed Biyto vary over time in a
constant, inear, or quadratic fashion:

Py = u
B“j R

. i , 2
Bug = 1y + vit + wyt

In these expressions, u, v, and w are parameters to be estimated. When these expressions are
incorporated into model (1), the resulting medels contain 28, 53, and 82 parameters respectively {e.g.
the quadratic model estimates 27 ugs, 27 vgs, 27 wis, and K), afl of which are constderable
simplifications over mode! (1) itself. A likelihood rutio est indicated that the quadratic function was
much preferred to the linear function {(p<0.0001), while the linear function was similar {o the constant
function (p=0. 136} Thus the model (1} becomes:

E(S.‘u) = {u;,- ol b X&’Uiz}Tg(K - C,u}f\f (2}

In fast, i was necessary to modify model {23 in two ways. Firstly, since the .8 are probabilities, i
was desirable to constrain thern o Jie between zero and one. This was achieved by expressing By asa
multivariate fogistic function of an unconstrained parameter o4, = (U + vt + wit’), which means By
tack the form . :

Biy = explengy/ {Sexplon)}

where the sum is over all i (Actusily, since only 27 of the 28 By's are estimated, the 1ost Bue, Was
dropped, and the denominator changes from Jexp{ayg) 1o 1Texpla) — exploee) + 1))

The second modification was entirely technical. Since K isat teast as large as the largest Oy, K was
estimated via the parameter v, where K = max{Ciy) + exply). In light of these modifications, the final
moede! wag: .

E(Sig) = texpluy + vt + wit Y i lexplug + vt + wit DI Tdma(Ci} + exp(v) - CplV. (B
V(gggk i ffz *

In these expressions, Sy represents the kilograms sefzed from the ith region, jth conveyance and sth
year, with mean E{8,) and vaniance V(8y). Note that parameters such as u;; actually represent the
swn of 27 parameter<dummy variable terms of the Torm wgly, where §; = | for the Jth region-
conveyance and I = § gtherwise. As previously noted, estimates of [,;are unaffected by the
inclusion of T, but for each year an estimate of T, was obtained to produce estimates of Tj; of the

2 nudge et al, 1985, pp 77077
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torm Ty = T, x Big. In this study, the estimate of T, was obiained as the sum of (1) estimates of pure
coc'nnc consumed in the U.S,, {2} pure cocaine seized (nside the U.S., and {3} pure cocaine seized at
}hc 1J.S, barder,

Madel (3) was successfully fit via the method of least squares with the Gauss-Newton algorithm
'usm;., SAS’s NLIN procedure. The amatysis of residual (the difference between observed and
prcdlcicd seizures) supported the adequacy of the meodel specification in various ways (Table £4).
‘{’n*s:, the variance of the residuals was unrelated to the measn level of seizures. which vindicates the
assumption of vonstant variance, Second, residuals were small relative to seizure amounts, whigh
implies the model closely {it the observed seizure data, Third, there was no obvious region-
g:onveyacce pattern in the resideals, which suggests that the model fit the data uniformly well,

fabie G4

Residuaisg By R&géan arxd Conveyance {meftric tons): Average Over Years 1991-1388
Border Nongom, Commoreisl Montom. Commertial  Nongorm, Commergial -
Region Vehicle  Vehicle Air Air Marine Marine
Flofigds - T £.11 $.02 .02 .02
Guf Coast - - -0.{33 -5.04 b.02 0.04
Noriheas! - - «0.03 .02 ~3.03 0.06
PRV - - G.15 .08 5.12 ¢,36

1 SWBE ~J.10 ~3.02 2.01 $.01 0.45 0.82

} Rest of 1.5, w0, (34 ~3.1% .03 G.42 -0, 033 w3, 31

» INUICIHES N aﬁp!;ean}c

4imitations of the Mode! |

As a nonlinear economic model, the Border Allocation Model represents a new approach to °
3estimaiing cocaine availability at the U.S. border, and its estimates are strikingly different from those
222232 might be obtained from simpler models, such as those assuming proportionality betwesn seizures
and Dows. Nevertheless, the Border Allocation Model has important limitations, both as a model and
in torms of the data on which if is based. The following are some of these limitations;

I, We have assumed that production costs for cocaine, V, and lotal transportation costs, K, have
been constant over the period 1991 through 1998, That is, we have assumed V= V and K, =
for all . More secusate data is needed.
2. The method used to reconcile southwest border and Canadian transportation costs with
transportation costs i other regions is tenuons. In particular, the extimate used for the Colombia-
to-Mexico leg needs improvement, and an invariant 50% payment-in-kind is undoubtedly an
pver-simplification,
3. itwas noted that definitions of sefzure are inconsistent, particularly af the southwest and Florida
borders, This inconsisiency should be addressed.

i
L] .
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4. The economic component of the model could be made more realistic. For example, the cost of'a
seizure may be more involved than simply the replacement cost of lost cargo. Also, the model
mnay be insufficiently dynamic in that it implicitly assumds & market that instantly equilibriates.
However, we should note that the model is already complicated from a statistical viewpoint (e.g.
difficuities in convergence occurred with certain optimization methods), and economic
enhancements are likely 1o cause further complications.

5. We huve noted that because the typical, noncommercial drug smuggling flight stops short of the
U8, border, our model does not accurately reflect the contribution of noncommercial aie, More
generaily, our model may benefit by incorporating more realistic descriptions of the Colotmbia-to-
LS, ransporiation rowes,
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Appendsx D: Technical Details of U.S. Domestlc
fxllecatmn Model .

The premise of the Domestic Allocation Model is consistent with 2 ¢lassic, operations research
trzmsportaimn problem: given quantities of cocaine entering the domestic market at six border
regmm and given quantitics demanded in each of 1en 1S divisions, it is assumed traftickers
detcrmme the allocarion that satisfies demand in oll divisions while minimizing totat transportation
ccsts Standard linear programming technigues are used.

I‘

The general transpottation problem is concemed with distributing 2 commodity from a group of
§upp§y centers {sources}, 1o & group of receiving centers {destinations), in such 3 way as to minimize
to{al distribution cost, In general, suppose that the jth source fi=1.2, ..., m) has a supply of S, units
z? distribute to # destinations and the jth destination (=1, 2, ... . #} has @ demand of I3; units to be
received from the m sources, If X is the number of units o bﬁ distributed from source { to
destination /, then &= 2 Xy, aud D=3 X;

Subject to these demuand and supply constraints, we assume suppliers choose X; in order to minimize
:]l*nc total distribution cast, Z = 2.0.0Cyi Xy), where C, is the distribution cost per unit. For simplicity,
we further assume that the distribution cost are proportional 1o the number of units distributed, so that
f{Cy, Xij) = CyXy. The Domestic Allocation Model now becames a standard linear programming
problem, which we solved using the LP call in SAS IML:

Minimtze Z=5 LXK,
jer jut
Subject to LXg=S, forimb 2 m
it

F)

EXy=D, forj=1,2,...n

i}

Xy Q. forall fandjf

In generic terms, the observed variables 8, D, and C represent supply. demand and costs of
distribution. In our particular setting, 5; is the amount of cocaine that passes through the th US,
b'order region without being seized. This is obtained from the Border Alloeation Model described
e;arlier as the estimated tota] flow into the ih region {summed over all conveyances) minus the total
amount serzed, minus Federal non-border seizures. The demand at the /th census division, Dy, is
cs:zmatcd as the fraction of the number of treatment clients?! in the census division divided by the
tdtal amount of cocaine consumed in the U.S.22 The costs of distribution, Uy, 18 the cost of shipping

%
2! Substance Abuze and Mental Health Services Administration, 1997, Uniform Facility Data Set (UFDS):
"1 Datm for 1995 and 198G.1993, Rockville, MD: Office of Applied Statistics,

22 Rhodes, W., Layne, M., Johnsion, P, Hozik, L.1995. What America’s Users Spend on Ulegal Dirugs, 1988-
1998. November 1999, Abt Assaciates [nc. Report prepared for ONDCP,
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via U.S. interstate highways, including costs associated with risks of seizure en route. This is
assumed to be roughly proportional to the distance between origin and destination.

Limitations of the Model

While the mode! provides a plausible first-order method for allocating cocaine from border regions to

consumption areas, a fundamental flaw is its assumption that there are no barriers to trade. As
cocaine is iltegal, transporting it involves considerable risk, and paying for taking on this risk must
surely dwarf the costs of gasoline. Further, cocaine transporters cannot simply carry their goods to
the nearest/cheapest city, but must go to a place where they have a buyer. Finally, we have not
accounted for state and local seizures. Consequently, our working estimates may be significantly

flawed.
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Appendix E: Transition Tables For 1996
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Appendix F: Trénsition Tables For 1997
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Appendix G: Transition Tables For 1998
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