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Executiv.e Summary 

The 1998 National Drug Control Strategy specified five Goals and Hurty-two supporting 
. objectives that will guide the Government's anti-drug program over lhc next decade. The 
Stmtegy'5 live Goals are summarized as: Reduce lite supply ofand the demand for illicit drugs 50 
percell! hy year-2007, The Nation '5 ability to meet this summary goal depends partly on its 
ability to reduce drug availability through source country progrnms, transit zone interdiction, llnd 

domestic law enforcement 

In addition to that summary statement, the Office of National Drug Control Policy has set 91 
performan.;e targets and 127 associafed measures, Tweive of these performance targets have 
been designated as Impact Targets, They provide a repo'1 card for lhc effectiveness of anti~drug 
programs. 

Five 'additional targets involve supply-side activity. These largels are instrumental towaro 
increasing the price of illicit drugs, reducing the supply of iHi,cit drugs. or both. They arc 
important because redu~ed availability and higher prices should promote less drug use. 

• 	 By 2002, reduce drug availability in the United Staies by 25 percent as compared 
with the estimated 1996 base year, By 2007, reduce illicit 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 'lone by 15 
percent as compared to the 1996 base year. By 2007, reduce the outflow rate by a 
total ofJO percent measured against the base year. 

• 	 By 2002, reduce the rate at which illegal,drugs successfully enter the United States 
from the transit and arrival zones by 10 percent as compared t(l the 1996 base year. 
By 2007, reduce this rate by 20 percent as measured ngainst the base year 

• 	 Domestic production - By 2002, reduce the production of metbamphetamine and the 
cultivation of marijuana in the United States by at least 20 percent as compared to the 
1996 base year and by 2007, reduee by 50 percent the production of 
methamphetamine and the cultivation of marijuana as compared to tbe base year. 

• 	 Domestic tr.aH'icker success - By 2002, reduce by 10 percent the rate at which ill icit 
drugs ofU,S, venue reach the U,S, consumer, as compared with the 1996 base year. 
By 2007. reduce this rate by 20 percent over the base ye.ar 

Having adopted this report card for monitOring the success of the Nation's anti·drug programs, 
ONDCP faces a problem of measuring the achievement of the, performance targets. For example, 
to measure the reduction in the rate at which cocaine successfully enters the Umted States, 
ONDeP needs relIable estimate of the flow ofcocaine across U,S, borders, Developing such 
estimate~ is conceptual1y simple but, operationally, extremely difficult. 

ONDCP has made remarkable strides At developing cocaine estimates. This report discusses a 

new.model ~ the Sequemial Transition and Reduction (STAR) model. The STAR model tracks 

the flow ofcocaine hydrochloride (Hel) from the cultivation ofcoca in source country growing 

regions. to the consumplion ofcocaine in the U.S. - although il could just as easily track 
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I 
bac/(lvardv from V.S. consumption 10 potent:nl ;)toouc:lon estitr::Hes. It can incorporate varions 
'{alues - or scenarios ~~ nnd project 11le impact forwnrd to U.S. :.:onsump:ion, backward to 

~otential production. or to any point tn between. It >.:on!nins a micro level .:omponent that makes 
cocaine flow projections by geographic regions and conveyance types, while providing macro 
revel estimates ot various stages, Additionally, new statistical modeling has been introduced into . . 
the model. 

I 
The current STAR model. which goes well beyond predecessor flow models. provides ihc best 
Jurrent basis for me'asurmg the flow ofcocaine from producer nations, through the transit zones, 
&cross the Natton's borders. and Ihroughout the United States. 

I 
'Pte STAR model has generated a new approoch to modeling cocaine that incorporates ONDCP's 

long stunding research on u.s. consumption as its starting point to work back to the amount of 
Jocaine that departs South Americl1. The Hybrid approach is a r.fC:Jk from Global Accounting, 
..t'hich starts with potential cocaine estimates and sequentially reduces them by IQsses, such as 
steizures and consumption, The basis. 0'1' Global Accounting. potential producriQn, is itself 

doubtful. and consumption in South America, transit zone countries, and non~U,S.!Latin. . 
American countries is also uncertain. The Hybrid Approach ends by providing estimates of the 
Jmount of cocaine that departs South America and obviates the need for uncertain estimates such 
as potential production and South American consumption, It als,o provides a new methodology 
for providing viable estimates ofNon-U.S.lLatln American flow by calculating equivalent market , 
Joss rutes., 
I 

I 
I 
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1. Introduction 

Estimation of cocaine supply is an evolving process. Beginning in [990, ONDep detennined 
cocaine availability by starting with an estimate of coca cultivation 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 Global Accollnting. provides a useful "macro" 
approach to integrating multiple data sets, such as consumption, seizure, and production 

estimates. A recently published report on Global Accounting l organized these data sets into 
zones (e.g., source, transit, and arrival) to provide a general now 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 
now of cocaine hydrochloride (HCl) from the cultivation of coca in source country growing 

regions, to the consumption of cocaine in the U.S. - although it coul~ 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 micro level component that makes 
cocaine flow projections by geo!:,l'J'aphic 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, Apri12000. Cocaine: A Global 
AccountingJor 1999. 
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2. The STAR Model 

;Overview 
I 
·The STAR model incorporates various cocaine availabihty estimates into a cohesive, connected 
model. The model hinges on the notion of a transillon of cocaine from one stag.: - estimate of 
drug (or drug precursor) availability, distributed within a specific geographic region - to the next 
stage. The transition is a computational link between stages th"t converts drug (or drug 
trecul'sor) availability at one stage to availability al another stage. and includes reductions 
(seizures, losses. etc.). Table I details stages and transitions between stages (including 
~eductions), and lists data sources utilized 1n STAR. Although the lable presents stages in 
humerical order. the modeJ is not necessarily applied: sequentially from stage 1 to stage 9. For 
fxample, the model couldjust as easily begm at sla£c 9 and work back -- adding in reductiotn., n 

to a potential production number. Alternatively, the mode! could begm with event-based data and 
t,..Qrk backward or forward. The important point is tbat the model IS flexible and not bound to any 
~pecific ordering ofstages. 

I . . , ' 
The model has nine stages and eight transitions. Stages I through 4 are production stages, and 
Stages 5 through 8 track cocaine HeI from Andean growing regions to the streets of the U.S, 
•
Figure 1 depicts the geographical areas involved in each stage, I. . , 
?tage 1 begins with net coca cultiviltio:n from the last calendar year, The transi~ion to Stage 2 ­
net cultivation in the current year - is the net change. calculated as the amounts from Stage I plus 
~ew growth minus eradication and field abandonment Stage:3 is net cultivation converted into 
~et leaf amounts, via calcuiations performed in Transition 213. Stage 4 is tile amount ofcoca. base 
available from the net leaf, calculated by USing conversion factors ulilized in Transition 3/4 , 

I 
Stage 5 represents cocaine availability at labs and Transition 415 Imks cocaine from growing 
kgions to base corridors of movement to the HCllabs, as identified in the JACM, Stage 6 and 
•
Transition 5/6 detail the flow from labs to South American departure pomts. ·These stages and 
thnsitions involve multiple geographic regions. 

I 
Stage 7 is separated into two parts, A and B. The transition from 6 to 7 A IS the amount of . 
Jocaine that arrives at non-U.S" and non-South American m.arkets: e.g. Europe and Canada. The 
t~ansition from 6 to 7B aliocates cocaine that moves through transit corridors (without being 
Jeized) to specific U,S. border entry points. 

t . 
Stage 8 is cocaine uvallable at U.S. border regions. Stage 8 uses the Border Allocation Model to 
Jalculate the amount of cocaine entering each U.S. border entry region. Transition 7/& subtracts 
Jut border seizures,, 
Stage 9 is the amount of cocaine that successfully passes through the U.S. border and is 
fransported to various (;onsumption regions within the country. Tra.nsltion 8/9 incorporates a new 
Jtodcling effort - the Domestic Allocation Model- and accounts for domestic seizures. 

! 
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Tabl.1 

STAR Model Stages and Transitions 

Stage I " N.:t cultivation in previolls year 

Stnge 2 - Net cultivation in current year 

Stage J ~ Ne-t !e3f availability at growing areas 

Stage 4 - Base availability at growing areas. 

Stage 5 - Cocaine produced at labs 

Stage 6 ~ Cocaine availability at SOAM 
departure areas 

Stnge 7A· Availability at non U.SAntin 
Amerj(;,a markets 

Stage 78- Availability al U.S lransshipment 

corridors. 

Stage 8 " Cocaine availability at domestic 
border entry regions 

Stage 9' ~ Cocaine availability 31 domestic retail 
areas. 

Transition and Rcduciiom 

Tults/Unn 112 E~adication, 
abandonment. new growlh 

Transition 213 Coca leaf yield, leaf 
reductions 

Transition 31'4 Alkaloid content. base lab-
processing efficiency, base selzureS 

Transition 4/S B.asc movement 10 
cocaine HCllabs, lab seizures 

Tr:msitiun S16 Co~atne Hel movement 
fr{)m labs 10 Sou1h American (SOAM) 
departure areas, SOAM cocaine seizures 
and. consumption 

Transition 6nA. TrunSltlOne seizures, in 
nnn-U.S, bound corridors. 

Transition 6nS THitlsit zont seizures 
and consump!km in U,S, bound corridms. 

Transition 78/8 Cocaine subsequent 
m(ple~tlt to U.s" domestic border 
seiZures 

Transition gil) Cocaine domestic 
movement, domestic reductions 

Data Sources 

CNC 
CNC 

Operation 
Breakthrough, 
CNC 

Operation 
Breaklhrough 

IACM 

iACM,CNC 

IACM.lnlcrpoJ 

[ACM,CCDB 

FOSS. EPIC. 
Customs seizures 

Border 
Allocution 

Model 

FDSS, Domestic 
Allocation 
Model 

Ol"mer 
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Figure 1 

'G"OtlralphiicAreas of STAR Stages 

I 
The STAR model is comprised of a series of matrix operations.2 This matrix formulation has . 
several advantages: algebraic conciseness, ability to project assumptions at any stage on predicted 
flbws at subsequent stages, and ability to gauge transition probabilities connecting flows, as well 
aJ 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 
' .fl ow scenanos. 

I 
At most of the transitions, the matrix formulation is an accounting framework, incorporating 
a~ai1ability 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 transfonns the input into the predicted output. 

. At stage I~ VI = vo· Mio where ..." denotes matrix multiplication. At stage 2, V2 = VI. M2. At stage 3, 

Vl = V2 ... M1. And so on. The complete model can be written 
\ 

v~::= vo'" M = vo'" MI ... M2 • M). M4 • Ms'" M6 '" M7'" Ms , 

wh'ere Vo denotes gross hectares by growing area and Vs denotes cocaine consumed by U.S. geographical , . . 
I subarea. 

I 
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stages, the model affords a compariso!l and potential reconciliation Qfnltemate availabilIty 
estimates, Thus, at stage 6. it estimates the inconslsten~y in cocaine av::ulabiltty estimates by 
;.:omparing potential production with event-based estimates ofcocatOe departing South America, 
At stage 8, it compares predicted outputS derived from potential production. event-based data. and 
the Border Allocation Model. At stage 9, it judges the difference in availability estimates by 
incorporating domestic consumption estimatesl. Finally, the Domestic Allocation Model was' 
created to allocate cocaine entering the U.S. to consumption regiuns. 

STAR Stage and Transition Details, 

We now discuss stages and transitions in greater detail, including data spccitlcs, The matrix 
formulation allows for differing ass.umptions - or scenarios - to be introduced at any tral!sition 
and then carried fonvard (or backward) for comparisons with other scenarios. Although the 
following discussion presents stages in sequential order, the mode! does not have to he applied 
sequentially. In Section three we provide examples of this, while the intent of this section is to 
provide details about stages, transitions, and data incorporated in eacn, Appendix A contains 
summary tables, for stages I through 6, by country. Detailed results for eaeh stage and 
geographic regions can be found in Appendices E through F, for 1996-1998. Future work will 
update the STAR model tor 1999-2000. 

Stage 1 Through Stage 5: Cocaine Production Stagos 

Stages 1 thmugh 4 occur in each of the eighteen Andean growing regions (Guaviare, West 
Caqueta. East Caqueta, Norte de Santander, San Lucus, Arouca, Plitamayo, Mncarena, Upper 
Huallaga Valley, Central Hual~aga Valley, Lower Huallaga Valley, Aguaytia. Pachitea, 
Apurimac, Cuseo, other Peruvian growing are.1S, C.hapare, and Yungas/Apo!o/Other). From these 
regions, coca base moves to cocaine production labs through base movement corridors, 

Stage 1: Previous Ye4u's Net Cultivation 

For Colombia, Peru and B(}livia, estimates of the quantity of coca under cU[!lvation are developed 
by CNC, using sUlVey methods similar 10 .those used by agricultural organtzations estimatmg the 
size of their licit crops, A survey is designed using statjsticaHy~based sampling techniques, 
ensuring that an adequate number ofsamples are collected over rundomly selected areas, as well 
as sampling of known growing regions. Selected areas are then imaged. using satellites and aerial 
pnotography. Using these images, eNC develops region-specific coca ~rop estimates. Stage I is , 
the previous year's net CUltivation esumates, 

Stage 2: Net Cultivation in Current Year 

Stage 2 represents thc current year's net cultivation in each of the seVenteen growing areas. 
Transition il2 15 the cornputationallink betv..'een previous year's net cultlvation and current year's 

) W. Rhodes. M, Layne, P, Johnston, L Bozik, What America's Users Spend an megat Drugs, 1988-1998, 
Iune 2000, 
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cultivation. 11le computation considers new growth, field abandonment, and eradication to,
cafculate a net change.

l 
Stage 3: Net Leaf 

! 
Stage 3 is the amount of net leaf yielded from net coca plants. by growmg region. The transition 
~etween Stages 2 and 3 applies leaf yield factors to transform the amount orne! cultivation mto 
Rotentialleafamounts, measured in metric tOnS (MT). Colombi<ln lc:afyidds represent amounts 
6fwet leaf, whereas Peruvian and Bolivian leaf yields are for dry leaf. Transition 2/3 includes 
~edu(;tions ror licit leaf consumption (obtained from the INCSR), leafseizures. and leaf not 
harvested - which we assume is one percent of mature hectares. 

I 
Stage 4: Sase Avai1abmty 
1 ' 

Stage 4 is the amount of base created from net leaf amounts. by growing region. Transition 3/4 

~pplies leaf..to~cocaine conversion· rates to the Stage 3 amounts. for each growing region, , 

Transition 3/4 incorporates only one reduction, country-wide base seizures, as reported in the

•
fNCSR, 

I ', 
StagG 5: Cocaine Availability at Labs 

I 
Stage 5 measures the amount ofcocaine produced at labs. Transition 4/5 follows: base from 
Jrowing regions to labs through base corridors of movement, as defined in the JACM 
QubJicatioPs (beginning in 1997). In 1997, three base corridors ofmovement were identified 
•(Northeast, South, and Northwest) and in 1998 a fourth was added (West), The STAR model 

a1pportions basc from growmg regions to labs by the percentages of observed movement in the 
IACM. Reductions in the transition include cocaine lost in lab seizures. FIgure 1 presents the 
blase corridors of movement from growing areas, 

I 
Discussion of Data Incorporated into Stage 1 Through Stag. 5 

1 . 
Potential cocaine production is calculated using estimates ofIeafyieJd.leaf cocaine alkaloid' 
c~ntent, a.nd base lab processing efficiencies. DEA 's Operation Breakthrough bas provided these 
e\timates for Peru, Bolivia, and (preliminary ones for) Colombia. Note that CNC does not adhere 
tb the estimates reported in these Breakthrough publications. Rather, CNC uses hybrid estimates 
and no published documentation or rationale is supplied.

! ' . 
It had been assumed that Colombia was cultivating !he poorer yieldmg variety ofcocaine, E. coca 
~r ipadu and using less efficient processing teehniques. However, recent cultivation and 
~roduction estimates rel~ased by CNC (there bave been several revisions over the past year) make 
dear that Colombia is not only a major cocaine producer. but nlso a leading coca cultivator. The · .STAR model incorporates data as ofMarch, 2000. 
! 
I . 

Figurc 2 depicts changes in the distribution of Andean potential production. Note that the figure 
i~c1udes tWQ lines for Colombia, the lower one representing earlier Colombian estimates and the 
ri'igher one representing data as ofMarch, 2000. For the years thai estimates were rcvised. 
tIC"I;.1 product;on increased by 188% (1995), 173% (1996), 180'% (1997), nnd 164% (1998), 
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These staggering adjustments highlight the uncertainty In the potential production estimates, The 
statistlcainature of the imaging process allows standard errors. to be calculated. which measures a 
P'?rtion of the uncertainty in the cultivation estimates. However. much uncertainty remains. For 
example, the det«:tion of new growing areas is elusive, and eradication figures nre dubious. 
Additional error is introduced in the calculation of mature leaf to pOlenliat cocaine production 
amounts becnus.e uncertainty is inherent in the Breakthrough estimates. Fun~er, CNC doesn't 
strictly apply the Breakthrough estimates, but rather creates some sort of hybrid estimates, and 
this introduces even more potential uncertainry, Finally, there- ha\'e been reports that Peru's coca 
industry may be recovedng4, 

Figure 2 shows that while production in Bolivia and Peru has dropped, Colombian production has 
soared. Al)COunting for only 25% in 1995, Colombia'5 contribution grew to 68% by 1999, 

Ccnainly, additional modeling would aid in understanding any dynamic uncertainty and pernaps 
in modeling alternative estimates. At a minimum. applying time·series techniques to the raw data 
CQuid reduce what appears to be considerable random variation from year to year. 

4 Defense Intelligence Agency, 1999" Imeragency Asscssm • .mt ofCdCt.1iltL' ,Ho~·ement.· August 1999 
fiighternlh Bdition, Mid-Yeil! Review, p,2, 
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Figure .2, 
~ndGan Potential Cocaine Production Estimates, 199<1~1999 (pure metric tons) , 
I , 

I ~r-------------------------------------, 
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n~_________________________ 
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I 

I 
Stage 6: Cocaine Departing South America 
I ' 
This stage reports the amount ofcocaine that departs South America from various departure 
ix>ints. Transition 516 is the link between cocaine labs and South American departure points, 
through Hel corridors of movement as defined In the JACM publications (beginning in 1997). 
The model apportions the flow ofHCl from labs to departure points by the percentages of 
bbserved movement in the lACM. Figure 3 depicts the Hel corridors ofmQvement 

I 
Reduttions taken in this transition include source country seizures ([NCSR) and spoilage, which' 
~ assume is one percent We do not account for source country consumption because there have , 
been no studies that provide convincing estimates. 

I 
Transitions 415 and 5/6 must be considered tentative for several re;)sons. First, data on 
movements ofbase and cocaine within the source countries are incomplete. Second, data on 
•j"SSCS due to base spoilage .nd source country consumption are ["gmen'.r)" imprecise, or 

Abt Anociates Inc. STAR Mod&1 7 
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nonexistent. Finally, Transition 4/5 assumes that basc movement corridors are independent of 
growing areas and Transition 5/6 assumes that Hel :novement corridorS are independent of lab 

locations. Neither assumption IS realistic. Nonetheless. it is useful to begin to model these two 
transitions. as base and Hel movement may become more detectable in the future. Additionally. 
the matrix formulation is sufficiently flexible to accommodate varying assumptions about 

corridor distributions .. 

-Abt Assoclatos ~nc, STAR Model • 



Stage 7: Availability at U.S.-Bound Transshipment Corridors and Non-U.S./Latin American 
•
Markets 
I•: . 

IStage 7A: Non-U,S.lSoulh American Markets 
lStage 7 A is the amount of cocaine that departs South America and successfully arrives at non­
iu.S./south American markets. Transition 617A links cocaine departing South American 
departure points to non-U.S./South American markets. Seizures in non-U.S. bound corridors are 

tincluded in the transition. 
J 
~Stage 78: 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.S). Transition 617B 
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 
~commercial 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 
lor 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 617B, 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. 

Ideally, Transition 617B would include conveyance combinations. In the Mexican/Central 
American corridor, the most prevalent combination is to use noncommercial maritime to get part 
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of the way through the transit zone and then to use land conveyance to travel the rest of the way. 
There are some secondary movemellf events listed in the CCDB, but they were not included in 

STAR. 

Event-Based Data on Cocaine Movements In the Transi.t Zone 

The JACM 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 Perfonnance Assessment 
Workgroup (ICPAWG) and the IACM. The rCPAWG -- established in 1992 to measure the 
perfonnance of international drug interdiction -- maintains a database of known dt.Ug movements 
in the transit zone, with a destination of either the U.S. or Canada. KIl.owll events ure 
distinguished by (1) seizure or observation of dr~gs; (2) observation of activity that could 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 detennine 
the amount of cocaine that departs South America along major trafficking routes'i, A degree of 
uncertaint), for these events was accepted to allow a wide spectrum of cocaine flow infonnation. 
Three types of uncertainty exist in the d~ta: uncertainty in the amount of cocaine transported, 
uncertaint), 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 degre,: of certainty that more cocaine was moved but not detected. This type of uncertainty 
is important because it can be used to show that cocaine movement viacommercial means 
directly from South America to the U.S. as well as from South America to Europe is 
underestimated. 

Table 2 inc:ludes event-based estimates of cocaine departing South America, for 1996 through 
1998b• Part of the variability from year to year in these numbers is attributable to evolving 
methodology associated with any new estimation approach. There arc other more subtle reasons . , . 
as well. 

The difference from 1996 to 1997 can be explained by (a combination of) increased operational 
and intelligence detection capability in the Eastern Pacific in 1996 (especially during the second 
half of the year), and a very loose definition of the lowest ~ertainty level events in the database, 
the possibles7• These two aspects were corrected procedurally in 1997, by tightening up the 
definition ofpossibles. In 1997, the tightening of the definition ofpossible, 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 c<llculations, and they differ slightly from figures 
published in the iACM. See Cala, 1999. 

7 One type of event category -- "Did Not Develop" (DND), used almost exclusively by JIATF East - was 
eliminated in 1997. 
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IDifferences in 1998 can be tmced to n>,:o phenomena: detection increases and a change in 
Jcoullfing methodology, Hurricane Mitch destroyed :hc Pan-American Highway and forced 
~smugglers to take alternate routes, Many switched to the Eastem Pacilic where ~- in anticipation 
·of these smuggler changes ~- detection had been increased, Detec:ion rates also increased along 
~he north co.st ofColombia to Panama, a result of imerniction asset .1I0ca.ion fe-distributions, 

ITIle chtmge in the counting methodology refers to the eliminatIOn of the "Panama Calculation." 
,This calculation was used before 1998 and a!lowed for mO>'eTlie:1i departmg Panama while at the 
same time ensurmg that movement into Panama did not result in doub1e counting.I . 

Evem~based data 15 introduced to STAR in Transition 617 ~- departure points in South America to 
:conveyance and trnnsit corridors. nallows us to examine inconsistencies between event-based 
Idata and the potentia! production estimates. •I 
jThc event-based methodology signaled problems with the older Colombian cultivation es~imates, 
and. in large part, led to the reassessment of these figures. ,, 

1 

i 
I Tabla 2 

I' Event·Based Cocaine Amounts Departing South America 

t By Transit Comdor, 1996..1999 (bulk metric tons) 

• 
I, 1996 1997" 1998 1999 

I Caribbean 174.5 160.3 220 

, 
l 

Mexico/Central America 341.7 318.6 277 

i, Direct to U.S. 9t.2 43.9 51.4 15 

j 
Non U.S, Desrinat!o-ns 

Unknown 

42.8 

2.5 

62.6 64.5 

1.0 

75 

1 
Tot.1l1 652,7 495.& 595.8 587.0 

J 

! 

•
•I 

I 
f 


I 
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St.ge 8: Cocaine Availability at U.S, Border Entry Regions 

Stage 8 is the amount ofcocaine that successfully passes into the U.S. by border entry regions. 
Transition 7B/S converts the amount ofcocaine passing through the transit zone ~~ by movement 
corridor and conveyance type into amounts entering U,S, borders by geographic region and by u 

conveyance type. The transition table redistributes the input flaw estimates across the U.S, 
border. We assume that shipments passing through the Mexican/Central American corridor 
terminate at the southwest border (in proportion seizures in each conveyance category) and that 
shipments 1n the Caribbean and Direct to U$, corridors are distributed in proportion to border 
seizures across 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) ofcocaine a·rriving to U.S. regions. by 
cQ[\.Veyance types. 

Enhanced U.S. Seizure Data 
These data differentiate seIzures at the border from other domestic seizures, We created an 
enhanced seizure database that contains rich detaiJ about each seizure. We started with data from 
DEA 's Federal Drug Seizure System (FDSS) for calendar years 1991-199lt FOSS data contain 
no duplicate records - each seizure in the FDSS is uniquc'ly identified by Jl Federnl Drug 
Identifying Number (FDIN), eliminating the risk of douhle counting, The FOSS includes federal 
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I 
locftine seizures of 500 grams or more. Beeause the FOSS data excludes non-federal seizures, 
these seizures.are not availahle in the enhanced seizure data. 

I 
FDSS contains limited details aoout each seizure. so we augmented the fOSS data with agency­
~pecjfic seizure data (linking these data to the fOSS by the FDiN), Customs seizure data 
~ndudes country of angin nnd more detailed information about conveyance. Other 
supplementary datu came from Ihe Coast Guard, the El Paso Intelligence Center (EPIC) 
Border!Land interdichoo SeIzure System (BLISS), and the CCDB. The EPIC daw covers seizure 
~vents occurring at the United States/},1exican border and up to 150 miles inside the United 
'Slates., 
" 

'Appendix A details specitic variables from each of these data sources. When FDSS data is 
'reported by other sources, we use the FOSS data as the "maste('. The exception to this is that we 
use EPIC data for southwest border seizures. 
t 

'Border Sei'Zures 
We classified seizures at the border (arriving from foreign countries), by conveyance types 
'(noncommercial and commercial air, t'lQrtcommercial and commercial maritime, noncommercial 
land commercial vehicle, rail and pedestrians) and geographic region (Florida, Gulf Coast, . 
~Northeast, Southwest Border, Puerto RicolVirgin [slands, and Rest of U,S, - including POEs 
talong the Canadian border)!!, ' 
I 	 . 
:There is u defmitional difference in seizures at the southwest border and all other border areas, 
"EPIC's definition of a southwest border extends 150 miles into the U .8,. since the drugs likely 
•
'came from Mexico. In Florida. by contrast. the border does not extend inland, although it would, . 
seem just as plausible that the drugs came across the FIQrida border, This issue points to the need 

ifor a consistent definition of a border seizure. 

I 
';We undenook to identify a border seiz.ure. and to classify it by conveyance type and by 
;geographic region: 

1. 	 Seizures on the high seas were excluded from FOSS data because they are included in transit 
wne selZures. 

2. 	 To identify seizures along the southwest border, we used infonnation from EPIC. We 
classified any car, four wheel drive, motorcycle, pickup truck, recreational vehicle, station 
wagon, taxi, towed vehtcle. or van as a noncommerdal vehlcle. 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. Conveyance was assigned as 
commercial vehicle for tanker truck, bus, tractor trailer, trailer, or wrecker, If the type 

variabte indicated "on foot at border*' or "pedestrian at POE", then the conveyance was 
assigned as pedestrian. And finally, ifconveyance type was train. the seizure was assigned to 
the rail conveyance category. 

l! Our border seizures fIgures differ from those reponed by EPIC in the JACM. We were unable to obtain a 
description of their methodology. 
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3. 	 To categorize maritime border seizures, we checked Customs infonnation. 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 infonnation to identify maritime seizures that occurred outside of 
ports of entry. 

4. 	 To categorize border seizures from air conveyances, we again checked Customs information 
to detelminc if the conveyance arrived from non-U.S. locations. Ifso, and if the conveyance 
was listed as commercial air, mail, or express consignment. then commercial air was 
designated as the conveyance type. Ifconveyance was listed as pnvate aircraft. then 
noncommercial air was designated. We also consulted CCOB data on air conveyance 

seizures. 

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- I 999. 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 areas9) figures are 'plotted by region, for the period 1992 through 

1999. Seizures on the southwest border (the solid line at the top ofth~ 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 RicolVirgin Islands steadil~ increased. 

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

year. 
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Figure 3 ,
•rIzU:": al Tho U.S. Bordor, 1991·1999 (bulk molrlc Ions) 
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Table 3 


Border Seizures, 1991·1999 (bulk metric tons) 


1991 1992 1995 1996 1997 1998 1999"l222 IJ'2! 
Commercial Air 5.5 6.2 7.7 7.4 9.6 6.1 6.3 3.0 7.0 

CQmmerciallvhritime 28.5 2M 21.1 21.5 10.5 22.2 25.0 14-4 5.1 

Commercial Vehicle 3.4 7.3 5.4 2.9 S.I 7.7 5.6 7.4 9.4 

Noncom.'TIercial Air 6.9 4.1 5.1 2.6 0.6 0.9 0.5 0.0 0.0 

Nonconuru:rcial Marilime 93 4.2 7.2 10.4 24.4 12,) 11.s 8.7 7.2 

i'oncommercial Vehicle 7,0 11.5 8.6 9.5 11.5 . 8.8 7.3 IL2 13.1 

Pedestrian 1.4 32 0.2 1.4 3.6 0,9 0.9 L7 

Rail 0.0 0.0 0.0 0,0 0.0 0,0 0.0 0.0 

Total (bulk MT) 61.9 59.S 55.8 55.6 68.4 59.0 57.4 46.4 42.4 
, 

Figures for 1999 Qblai:1ed lrom E-11'1lso lr.1elligence ('cnle'" 1999 Soulhwest herder s('J\!~ wm jn\4 .tiJlJres III ports Qf!:fltry {1).4 MT), between pons ofen':!)' 

r:U, M'D, llnd altraffic stoflslcheckpoinUl (lO 1 MT). Wt! tlllve f!lJt lhe purl ....rentry S¢iltU'el int(! Ihe C4M!!l('rcial ~hicle Clikgtlf)1 end tI'\t other two Iypes of 
seizures inln nonc ....mmertt:U vehicle .. _ 

• InJiclllcs no data llvllileble, 
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Figure 4 

I 
Smoothed Seizures in Border Entry Regions, 1991-1999 (bulk metric tons) 
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Border Allocation Model 
Stage 8 introduces a new modeling effort, the Border A!location Model. This nonlinear, 
e~onomic model allocates cocaine arriving at the U.S. border to border regions and to conveyance 
thes. 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 
the estimated total. The proportions can be employed in the allocation of amounts based on any 
e~timate of the amount ofcocaine arriving to the U.S. For example, using percentages generated 
by 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 model incorporates (including potential production 
e~timates) can be distributed into conveyancelborder region combinations. Appendix C provides 
&tails about the methodology used in the Border Allocation ModeL . . 
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The Border Allocation Model uses MIa on U,S, border seizures and the cost smugglers pay to 
transport cocaine from Colombia to the U.S, Data on U,S, border seizures were obtained from 
the Enhanced Seiz.ure Database. and data pertaining to smuggler tnlnspoflation coStS from 
Customs Reports oflnvestigation. 

Tahle 4 and Table 5 show the average number ofmetfi.c tons seized, 0!1d the percentage of the 
total amount seized, for each conveyance and border region combination, Note that seizures from 
land conveyances in Florida, Gulf Coast, Northeast, and Puerto RicoiVirgi!i Islands (PRIVI) are 
impossible and these region-co!wcyance combinatlons therefore contain structural :::ervs. This 
contrasts with observed zeros (such as that obtained !or Gulf Coust, commercial air) where the 
this region·,cQnveyance combination is feasible, but no occurrences were obseflled. 

Avcroging over the eight year period, 45% of total seizures occurred at the southwest border 
(SWB) and 34% at tbe Florida bordec In terms of conveyances, 31 % -ofthc seizures occurred 
upon commercial marine ships, while noncommerdal vehicle, noncommercial marine. . 
commercial vehiclc, commercia! air, and noncommercial air accounted for 28%, 161:!j&, 12%, 10%, 
and 4%, respectively. 

Table 6 shows how the Border Allocation Model allocates the total cocaine quantity arriving at 
U.S. borders to specific border regions and conveyance types. The model predicts that­
averaged over the years 1991·1998 - 48% ofcocaine destined for the U.s. arrives at Florida via 
commercial marine conveyances and 31% arrives at tbe southwest border via commercial and 
noncommercial vehicles. Note that the distribution ofcocaine amounts (Table 6) differs 
considerably from the distribution of cocaine sei~ures (Table 5). This 15 because estimates of 
cocaine amounts are not simply proportional to seizures. For example. even though cocaine 
seizures for Florida via commerCial marine are only 21 % of total seizures, the proportion of the 
total amount transported through this region-\:onveyance combmatiofl is 48%. This occurs 
because transportation costs were relatively htgh in this case ($3,568 compared to the mean of 
$3,111), which. assuming constant total transportlltion costS, implies that the probability of 
seizure. and therefore seizure costs, were retatively low. Thus ,the amount seized was a relatively 
low percent of the amount shipped to Florida via commercial marine. 

Figure 5 plots the amount ofcocaine arriving at each border region for the period 1991~1998, 
The model indicates that most cocaine entering the U.S. does so via Florida and the southwest 
border. Taking the eight-year period as a whole, quantities arriving at the southwest border have 
increased at the expense of quantities arriving at Florida. All other regions have remained fairly 
constant, with the exception of Puerto RicoNirgin Islands, for which the model predicted a jump 
from 11 MT in 1996 to ,42 MT in 1997. 
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~able 4 
Border Seizures (bulk metric tons): Average Over Years 1991-1998 

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

1Gulf Coast 	 0.0 0.0 0.8 1.5 2.3 

J Northeast 0.0 1.3 0.0 2.9 4.1 

- 0.9 0.2 4.6 1.3 7.0\ PRNI 
. SWB 18.8 8.3 0.5 0.3 2.2 0.8 30.8 

I
, 
I Rest of U.S. 0.0 0.0 0.2 O. 1 0.0 0.3 0.7 

18.8 8.3 2.6 6.5 11.0 20.9 70.0Total 

i InJlcatcs not applicable , 

,, 
.Table 5 
Border Seizures (percent): Average Over Years 1991-1998 
,, 
I Border Noncom. Commercial Noncom. Commercial 	 Noncom Commercial 

tRegion Vehicle Vehicle Air Air 	 , Marine Total 
Marine 

1.5 6.8 5.1 20.7 34.0 

Gulf Coast 0.0 0.0 1.1 2.2 3.4 
IFlorida 

I 

• Northeast 0.0 1.9 0.0 4.2 6.1 

PRNI 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 

Rest of U.S. 0.0 0.0 0.3 0.2 0.0 0.5 1.0 

27.6 12.2 3.8 9.5 16.2 30.7 100.0Total 

- mJlcatcs not applicable 
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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 Air 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 

PRNI 0.2 0.1 1.5 1.2 

SWS 7.8 28.8 0.2 0.1 0.5 0.9 

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


... lndlcales not apphcablc 

Figure 5 

Border Allocation Model: Amounts by Region (pure metric tons) 


>OOr--------------------------------------------, 

"" 

_F~.... . . 
_ .. _ Gull Coast I 

, .... -- --....... --r .... .... 
• •••• NOitheast J. 

_PRlVI... __ r __SWB 
, ­

_Rest of U.S.r 

"" 

:::::.:.'.'.:.::::::::.-.':...: '., ..... ," .•..........•. ,. 

,,~~~~~~~~~U

",."" "" "" "" "" "" "" yur 

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 year period, conveyance by commercial vehicle has increased 
~t the expense of conveyance by commercial marine: commercial vehicle increased by 78% (from 
91 to 162 MT) and commercial marine decreased by 29% (from 28610 203 MT). These 
•'estimates are consistent with Colombian drug lords aHowing Mexico-based trafficking 

·organizations to play an increasing role in shipping cocaine to the U.S. Indeed, laking Figures 8 
~and 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. 
1 
I 
.Figure 6 
Border Allocation Model: Amounts by Conveyance (pure metric tons) 

'0000 r---------------------------c------------------------, 

I' 250 00 

I 
• 
I 

200.00 _.. _tom="'..----, 
j ~Com""" 

i 
_ .... _ ,Com Vehicle 

---+- NonCom AIr150.00 
_ +- . NollComManne, ~-~ ...... -----.:- ­ •.••• NonCom Vehide 

it. ..---- ....... ­
100.00 

'-~~~..---- ....- -­
50.00 

Year 

I 
, 


; Abt Associates Inc. STAR Model' 21 

I 
• 

I 



Stage 9: Cocaine Availabil,ity at Domestic Retail Areas 

Cocaine at this stage re'presents 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 detniJs 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, an~ 7.9 metric tons, respectively. 
The Pacific region has experienced the steepest decline in seizures. 
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Table 7 •, 
Non-Bordek Domestic Seizures, By Census DivisIons, 1991-1998 (bulk metric tons) , 

•
1 1'J<l{ W W 1994 ~ {996 l22Z l2.?! 1999" 

:"Jew England 4.5 0.1 O.{ 0.1 0.0 M (U 0.1 

I (7%) (0%) (0%) (0%) (0".41) {OUIn} (0%) (0%) 

Mid Allanti;;. 10.9 4.0 3.7 6.0 3.0 5.5 5.3 10.4 

I (17%) (7%) (8%) (10%) (6%) {IO%) (18%) {19%) 

E~st r\orth Central 1.0 1.5 g 4.1 1.4 Ll 2.9 4,5 

I (2%) (2%) (2%} (7%) (3%) (3%) (9%) (8%) 

West North'Central 0.3 0.5 1.0 1.3 0.6 6,2 0.4 ,0,8 

I (0"/0) ({%) ,(2%) (2%) ({%) (0%) (1%) (1%) 

South Atlantic 9,6 14,0 53 5.4 6.4 §§ 4.9 8,0 

I (15%) (23%) (12%) (9%) (14%) (18%) ({6'10) (14%) 

East SQuth Central 1.2 1.6 1.2 2.7 0.5 1.4 6,4 0.4 

I (2%) . (3%) (3%) (4%) (1%) (3%) ([%) (1%) 

West Soulhl Central l23 10.2 14,3 {4,O !4.0 12.2 9,6 15.5 

I (l9%) (17%) (32%) (23%) (30%) (22%) (32%) (28%) 

Mountain I 2.6 3.7 1.6 4.4 4:1 S.l (j,6 47, 
• (4%) (6%) (4%) (7%) (10%) (15%) (2%) (8%) 

Pacific 1 {S.l 23,1 12.4 202 13.7 10.1 4,0 6.6 

I (28%) ~ (38%) (28%) (33%) (29%,) (19%) (13%) (12%) 

Pueno RicO/Virgin Islands 3.5 2.7 4,3 3.1 2,3 5.2 2,2 4,7 

• (5%) (4%) (10%) (5%) (5%) (10%) (7%) (8%) , 
64.1 61.4 44,7 61.3 46.6 54.3Total {bulk Ml1 30..1 55.7 40.0, 

• ('-emus Jivi~ifm breakdov.'TIs IJna\'~ilable at this time., 
I 

I 
'Domestic Allocation Model , 
.,The Domestic Allocation Model was c~eated to allocate cocaine efllering the U$, to consumption 
regions. The premise of the model is consistent with a classic operations research transportation 
~problem: given the quantities of cocaine entering the domestic market at the SIX border regions 
'(southwest border, Florida, Puerto Rico/Virgin Islands, southeast, GulfCoost, and other'U.S. 
'destinations), and given the quantities demanded in each of the ten U.S. census divisions (New •'England, Mid Atlantic, East North Central, West North Central, South Atlantic, East South 
'Central, West South Central, Mountain, Pacific, and Puerto Rico), it is assumed traffickers 
:detcrmine the allocation that satisfies demand in all divisions while minimizing totil 
lt~ans-portution costs. Standard linear programming techniques- were used 10 wIve this problem. 
iAppendtX- D provides detatls of the model. 

~The Domestic Allocation Model and the Border Allocation Model can be used in parallel. For, 
fnstancc; !fthe Domestic Allocation Model eS~imates that 65% 01 cocaine coming in at the 
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Florida border ends up in the South Atlantic 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 ofV.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 traffickers1o• 

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

Puerto RicoNirgin 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 0 0 0 6 0 
S. Atlantic 65 0 0 0 0 0 
E. South Gentral 0 100 0 0 4 0 
W. South Central 0 0 0 o . 10 0 

Mountain 0 0 0 0 9 0 

Pacific 0 0 0 0 31 0 
Puerto RicoNirgin 0 0 0 21 0 0 
Islands 

10 Drug Enforcement Administration, August 1997, Changing Dynamics oflhe u.s. Cocaine Trade. 
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Consumption £'\·timates 
Every two years', Abt Associates estimates and reports the amount of cocaine consumed in the 

U.S. in a report to ONDer, What America's Users Spend Oil lI/egal Drugs! 1. Table 9 captures 
estimated U.S. cocaine consumption amounts and purity, by year. Consumption and purity levels 

have remained fairly constant over time. 

L 	 Table 9 

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

1991-1999I, 
I 	 Year Purity (%) Amount 

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" 276.0b 

, 
Data are unavailable, so the! 998 figure is repeated. 

b 
,Estinuted . 

• 
II Rhodes, W., Layne, M., Johnston, P., Hozik, L.19?5. What America's Users Spend on Illegal Drugs, 

1988-1998. May 2000. 
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3. Limitations of the STAR Model and Directions 
for Improvement 

While these results give insights into detailed patterns of flow, the STAR mode! has important 
limitations. Some, but not all. of these deficiencies can be ameliorated by refining the stages and 

classifications of the model, by mcorpornling additional data. and by undertaking data 
improvemf:nt and allemZltive estimation procedures, such as modeling the dynamics ofcultivation 
data. Two more difficult problems remain: 

L 	 TIle model includes no time dimension, It takes time to grow crops, process them into 
cocaine, transport the product to destination countries, and distribute that product withtn 
destination countries. This temporal dimension is highly relevant to understanding the flow 
of cocaine. 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 a stockpile, 

2. 	 The model is static rather than dynamic and thus lacks economic perspective, for example, 
decisions by farmers in South Amer!ca to cultivate or not to cultivate cocaine are influenced 
by trends in the demand for cocaine in the United Stales, bUllhe model incorporates no 
feedback mechanisms by which market conditions in the U,S. ColO affect supply, or vicc w 

versa, The model includes no calculus for predicting future cocaine flows based on current 
trends in either demand or supply. Flicker and Nilsson (1996) developed a dynamic 
economic model based on the assumption that the cocaine market is ··derrumd~driven." i.e., 
that opportunities to produce and transport cocaine are so plentiful. and profit margins 50 

favorable, that s\lbstitute cartels of producers quickly arise to rcpl~ce cartels that are put out 
of business or that can no longer enforce monopolistic controls over production and 
distribution, Flicker and Nilsson provide very useful inferences about the dynamics of the 
cocaine trade; similar approaches would increase the STAR's utility, 
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4. Applications of the STAR Model 

IF,gUre 7 d'mgramS the regIOns 10 the coca me flow system, South America, transtt zone countries, 

:the U.S., and non-U.S.lLatin America markets (e:g., Europe and Canada). Additionally, there 
:may be cocaine shipped from non-U.S.lLatin America to the U.S. or vice-versa. 

I 
jThree quantities are consistently measured: cocaine production, seizures, and U.S. consumption. 

,·The problematic pieces of the system are estimates afpoten!ia] production and consumption in 
,South America, transit zone countries, and non-V.S.lLatin American countries. CNC has 
'attempted to provide estimates for these areas, however they 3rc extremely preliminary and exist 
iCor only one year. Additionally, there is uncertainty In the cocaine production estimates, as 
'discussed in Section 2. 

1 
Figure 7 I, 

Component Regions of the Cocaine System 

United 
States 

Transit 
Zone 

Markets 

Because transit zone country consumption is considered to be minor, we concern ourselves with , 
three cocaine markets: South America, the U.S., and non-U.S.lLatin America. There is a great 
deal of uncertainty in the amount of cocaine consumed in South America and non-U.S.lLatin 
America markets. ONCP has been estimating U.S. consumption for some time and these 
~stimates have been accepted by the drug community. Table 10 presents various approaches we 
explore for measuring unknown consumption amounts. i ' 
Abt Associates Inc. STAR Model 27 
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Table 10 

Estimation Approaches 

ApprO~lch 

Global Accounling 

Modified Global Accounting 

Consumption 

u.s. Re.\·idual 

Hybrid 

Quantities and Ilata Sources 

South American Supply 

CNC production and 

consumption estimates 

CNC production and 

consumption estimates 

Estimated 

CNC production and 

consumption estimates 

E.~tjmated 

U.S. Consumption 

ONDCP consumption 

estimates 

Non U.S./LTAM Consumption 

Estimated 

ONDCP consumption, 

estimates 

E.~(imaled 

ONDCP consumption 

estimates 

Estimated 

CNC consumption estimates 

CNC consumption estimates 

ONDCP consumption 

estimates 

Equivalent market loss rate 

estimates 

Abt Associates Inc. STAR Model 28 



[310,bal Accounting Approach 

I 
j 

! 
t 

\ 
irhis is the method incorpora~ed in the recently publtshed report on Global Accounting by the, ' 

intelligence community. The unknown components estimated are Non-U,SJLatin America 
'~onsumption and South American consumption, both of which ;;l[e thought to be on the rise to 
~(jmpensa.te lor the gap between growing cocaine production (due to increasing Colombian 

. ~ultivation) and stable U,S, consumption. 

! 
Table 11 reports the results of thiS methodology, which begins with an estimated range of 
potential cocaine and sequentially reduces it by seizures. \Voile it does acknowledge and attempt 
to, deal with various uncertainties, it includes vague notions such as "coefficient of corruption"-­
fan undetermined, but pos.">ibly significant, amount of cocai:te that reenters the system due to 
theft or corrupt practices". While such an occurrence seems plausible. until the numbers,are 
'~hown 10 have validity, we are skeptical about the current estimates, 

l~ the table shows. the estimate of~on~U,SjLatin America consumpt~on includes a large range 

r"-'.~'",'--"" -,oo Th. -",...... -,-",., 

I 
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Table 11 


Global Acc~untlng Approach, 1998~1999 (pure metric tons) 


SInge Qescrietion Transition 02erations Low !fiSh Source 

5 Hel Labs <5'"-, 915 . CNC 

Source Zone Seizures I (65) (50) lACM 

Sourte Zone ConsumptIOn 1175) (120) CNC 

6 Departure ",reas 415 745 Cakulated 

Non-LTAM Seizures I (40) (30) IACM 

7A Non-U.8'/LiAyt markets (tIO) (300) Estimated 

Transit Zone Seizures I (6<l) (Sf)) IACM 

Transit Zone COllSumptJOn (25) (t5) CNC 

7B U.s. Transshipment Corridors 400 350 

AITival Zone Seizures (50) (45) EP1C 

S entering the U.S. 400 305 

Domestic Seizures (30) (25) FDSS 

9 Retail U,S. 320 230 ONCOP 

Iindudes 10·20% corruption factor 

....'mltcc: DCI Crime and :-.!arcotics Center (CNC), Defense Intelhgem:c Agency. April 20:J0. Cocainc: A Global 

ACCOU!l!ingjoT 1999 
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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 
sequentially reduces it (with reductions described in Section 2), including an estimate of the flow 
10 non-U.S.lLalin 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 all events in event­1 

'tbaSed data to apportion flow leaving South America to non-U.S.lLatin America m'arkets. 

IThe model includes licit leaf consumption in South America, but does not attempt to include 
lillicit consumption. An assumption is made that transit zone consumption is three-percent of the 
~flow through the region. We don't include any compensation for the so-called "corruption 
!factor" because there are no precise data. 

I . 
iTable 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 
~gues's .. Second, the three-percent transit country consumption rate is also a guess, but the 
;estimates it provides falls within the range suggested by CNC (15-25 MT). Third, since non­
:,U.S.lLatin 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. . 

!The estimate for U.S. availab'ility is unrealistically high because there is no estimate for South 

lAmerican consumption. Clearly, this approach is unsatisfying.. ., 
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Table 12 


Modified Global Accounting Approach. 1996~1998 (pure metri~ tons) 


Stage Descri£lion Transition Operations )99\J !')97 19!J8 Source 

, Hel Labs 841.4 773.& ni2.1 Calculated 

Source Zone He1 Seizures (3.8.4) ·'i\ ,."
,~,' " \67.0) lNCSR 

Source Zone Hel Spoil3ge (8.4J (7.7) (7.0) 1% 

Source Zone Consumption Cnimcwn Unk:lOwn U~kr,own 

Departure Areas 794.6 715..< (i2KI Calculated 

Non-LTAM Seiz;lres (1;;.0, (30.6) (24o} fACM 

7A 
Non·U.SJLTAM 

Markets 
333 74.S 55.0 Estimated 

Toward U.S. 7423 61fW 54B Calculated 

U.S.- Bm.md Tm.,si. ZO!l( 
Seizures 

(44.0) (71.5) (66.3) IACM 

U.s.· Boul'..d Transit Zone 
Consumption 

(18.9) (lHij (15.9) 

3%ofU.5, !low, 

exduding direct 10 

U.S. flow 

JB 
U.s.·8o"nd 

T,ansshipment 
. Corridors 

679.4 520.9 466.3 Calculated 

Arrival Zone Seizures {48.9) \{4?i) (3RO) 
Enhanced seizure 

database 

Emering the u.s. 630.5 47J.2 4283 Calculated 

Doll'le$tic Se)Zyrf;$ {45.l) t25.Q) PDSS(45.S) 

Ri!!ail U,S. 5854 443.2 3825 Calculated 
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U.S.-Residual Approach 

Tnis method is similar to the Modified Globa! AccQuntir.g approach ned begins with CNe 
cocaine production estimates and sequentially reducir.g it with :osses to est:rrn:lte U.S. 
consumption. This procedure differs form ~odified Global Accounting in that we include CNC 
estimates for South American and transit country cOI1sumption, a$ wen as amounts flowing to 
non-U.S'/Latin Amenca tr.arkets (we use the mean of the range reported by eNe, without 
compensating for the corruption factor). 

Table 13 reports the results. The calculated residual cocaine availahle for U.S. consumption is 
extremely low. 
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Table 13 

U.S.-Residual Approach, 1998-1999 (pure metric tons) 

SWge Description Transition Operations 1998 Source 

5 Hel Labs 702.1 Calculated 

Source Zone HCI Seizures (67.0) INCSR 

Source Zone HCI Spoilage (7.0) 1% 

Source Zone Consumption (147.5) CNC 

" Departure Areas 480.0 Calculated 

Non·L TAM Seizures (24.(,) JACM 

7A 
Non-U.S.lLTAM 

Markets (185.0) CNC 

Toward U.S. 271.0 Calculated 

U.S.' Bound Transit Zone 

Seizures (66.3) IACM 

U.S.- Bound Transit Zone 
Consumption (20.0) CNC 

78 
U.S.-Bound 

Transshipment 
Corridors 

184.7 Calculated 

Arrival Zone Seizures (38.0) Enhanced seizure database 

Entering the U.S. 8 14(}.7 Calculated 

Domestic Seizures (45.8) FOSS 

Retail U.S. 9 100.9 Estimated 
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ICo,nslumpti<m Approach 

this method. we begin with U.S. consumpt-ioJ'l and work back 10 COC<1uie availability at South 
!~:;,:~~~t~la~bS. We include eNe's estimates for South American ar.d tmnsit country 
~, as well as amounts flowing to non-U.S./Lalin An:erica markets (we use the mean of 

range reported by eNe, without compensating for the <;orruption fac~or). 

results are displayed in Table 14. The estimated amount. availability at HCllabs, falls 

:to'Nat'd the high end of the range eNC reports for potential productio:1 




Table 14 


Consumption Approach, 1998 (pure metric tons) 


Stase Description Tr:msilrcn Oper:nions 1998 S(!utce 

5 He! Labs S85.2 liltimated 

Source l<:!m: Hel Seizures (67,1)) !NCSR 

" Departure Areas 

Source Zone Consumption 

Non~lTAM Seizures 

(l47.5) 

6707 

{2.t6) 

CNC 

G;)kul;ne<i 

JACM 

7A 
Non-l:.SJLTAM 

Murkets ISHl CNC 

Toward U,S. 461.1 Calculated 

11s.· Bound Transit Zone 
Seizures (oo.J) !ACM 

o.S.- Bound TranSit Zene 
Consumption CNC 

73 
U.S.-Bound 

Transshipment 
Corridors 

37U Cakulated 

Arrival Zoce Seizures (38.0) Enh:mced seizure database 

g Entering the U.s. 336.8 Calculated 

Domestic Seizures (45.8) FOSS 

." Retail C.S. 291.0 ONDCP 
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Hybrid Approach 


I 
I 
!The Hybrid approach incorporates historical price and purity series data as the starting point and 

Iworks backwards to an estimated amount of cocaine that departs South America. This approach 
:has the benefit of avoiding the problematic estimation of South American consumption and 
~potential production, both of which have considerable uncertainty. The model estimates transit 
;zone country consumption at three-percent of the flow through the region. , 
IThe Hybrid approach incorporates a new methodology to estimate cocaine flow to non-U.S.lLatin 
'America markets. Figure 11 presents the estimation technique, referred to as the equivalent 
~market loss rate. It assumes that the ratio or U.S.-bound arrival and transit zone seizures to U.S.­
•
Ibound flow is equal to the ratio of non- U.S.lLatin America-bound arrival and transit zone 
lseizures to non- U.S.lLatin America U.S.-bound flow. We use a two-year moving average to 
,'smooth non-U.S.! Latin America seizures, which are highly variable from year to year. 

I 
'~F~ig-U-r.~11~-----------------------------------------------------------
I 
Equivalent Market Loss Rate 

I 
j 
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Figure 15 details the estimates from the approach. The advantage of th'e approach is that it 
tenninates 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.lLatin 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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Table 15 

1 
Hybrid Approach, 1996-1999 (pure metric tons) 

• 
Stage DcscriEtion Transition Oeerations 1996 1997 1998 1999 1 Source 

532.4 595.9 563.9 574.0 E.flimart!dD'p'rt"" A""" I 
Non-U.S.fLTAM Seizures (19) (JO,(i) (24,(') (39.4) iACM 

7A 

I

r'"u S.lLTAMMarkets 
OS. I ) (98.7) (88.3) (105.2) 

Equivalent Market 

Loss 

Toward U.S 435.3 466.6 451.0 429.4 Calculated 

U.S.- Bound Transit Zone 
Seizures 

(44) (7!.5) (66.3) (60.7) [ACM 

U.S.- Bound Transit Zone 
Consumption 

(9J) (10.4) (10m (21.3)2 

3%orU.S. flow, 

excluding direct to 

US. flow 

U.S.-Bound 
Calculated7B Transshipment 382.0 384.7 374.7 347.4 


Corridors 


Enhanced seizure 
Arrival Zone Seizures (48.9) (47,7) (38.0) (34.3l 

database 

330,0 337.0 33().7 313.1 Calcul:!tcd8 •f"''';'' 'h' u.s. 
Domestic Seizures (45.1 ) (25.0) (45.8) (J7.1) FOSS 

ONCDP
Retail U.S. 287.9 311.9 291.0 276.0 

IThe STAR ~x>dcl was not used to generate results for this year. f~ture work will eSlim:lte 1999-2000 data. 

. I 
lCNC estimates 

I· 
1 Amounts are derived from EPIC data. 

I 
, , 
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5. Conclusion 

Available data are an imperfect reflection orlrue cocaine flows, but the STAR model provides a 
means of incorporating differing data within a cohesive structure. Analysts are able to examine 

detailed flow results 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 Allocation 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 ayailability 
and demonstrated that the Hybrid approach is the most useful. It obviates the need for un.certain 
estimates SLJch as potential production and South American consumption. It provides a new 
methodology for providing viable estimates ofNon-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 

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

Andean Total 195,900 209,700 194,179 190,879I•I 
1 
•, 
I, Stage 2: Net Cultivation for Current Year (hectares) 

I. 
1996 1997 1998 1999 

I 


I Colombia 67,200 79,535 101.836 122,535 


Peru 94,400 68,800 51,000 38,700 


Bolivia. 48,100 45,844 38,043 21,840 


Andean Total 209,700 194.179 190,879 183,075 


I . 
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Stage 3: Net Coca Leaf (metric tons) 

Includes Reductions Taken 

1996 1997 1998 1999 

Colombia---­
Leaf Not Harvested (1 %) 672 795 1,018 

Licit Leaf Consumption 0 0 0 

Leaf Seizures 0 0 

Net Coca Leaf 299,872 343,926 433,228 521,645 

Peru 

Leaf Not Harveste~ (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 

Bolivia 

Leaf Not Harvested (1 %) 481 458 )80 

Licit Leaf Consumption 13,300 13,300 13,300 

Leaf Seizures 76 51 94 

Net Coca Leaf 48,100 55,969 39,042 22,800 

Net Andean Total 510,796 518,586, 556,835 613,645 
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I Loaf Yield Factors. By Growing Area (metrIc tons of leaf per hectare) 

1996 1997 1998 !222 

Columbil. 

O,laviare 
4.7 4.7 4.7 4.7 

W. Caqueta 4.1 4.1 4.1 . 4.1 

8. Caqueta 4.7 4.7 4.7 4.7 

Norte de Santander ,.9 3.9 3.9 3.9 

San Lucas 4. : 4.1 4.1 4.1 

Arauca 4.7 47 4.7 U 

Putamayo ,.9 3.9 ,.9 3.9 

Macarena 4.7 4.7 4.7 4.7 

Peru 

Upper Hallaga Vaney 2.1 2.1 2.1 2.1 

Aguaytla 1.7 1.7 1.7 1.7 

Pachilea 2.1 , 2.1 2.1 2.1 

Central Hallaga Valley 1.6 1,6 1.6 1.6 

Lower Hallaga Valley 1.3 1,3 1.3 1.3 

Apurimac 2.6 2.6 2.6 2.6 

Cusec .9 .9 .9 .9 

Olber 1.2 1.2 1.2 1.2 

I !!!!!!ill 
Chapare 1.86 1.78 1.64 1.19 

Yungasl Apolo .91 .97 .99 .96 

Other 1.00 1.00 1.00 1.00 

, , 
ICA~b~t~A~$~$~O<~I~aW~$71n~~C-----------------~------------------~S~T~A~R~Mo~.7.~'-.---------4~5 



Leaf To Base Conv"($!on Factors, By Growing Area 

All Ye~rs 

Colombia 

Guaviare 
959:1 

w. Caqueta 950:1 

E. Caqucta 1028:1 

Norte de Santander 959:1 

San Lucas .959:1 

Arau{:a 959:1 

Putamayo 1050:1 

Macarena 959: 1 

P.cru 

Upper Hallaga Valley 400:1 

Aguaytia 400:1 

. Paehitta 400:1 

Central Hallaga Valley 400:1 

Lower Hallaga Valley 400:1 

Apurimac 400:1 

Cuseo 400:1 

Other 400;1 

Bolivia 

Chapare 363:1 

YungasJ Apolo 312:1 

Other 312:1 
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Stage 5: Net Cocaine Produced at Labs (metric tons) 

Includes Reductions Taken 

Base Corridor of Movement 1996 1997 1998 1999 

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 3 I 35 

Southern 

Seizures From Labs NA 0 0 

Net Cocaine Produced NA 62 42 

Net Andean Total 841 774' 667 
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Stage 6: Net Cocaine Available in South America (metric tons) 

Includes Reductions Taken 


Hel 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 


i 1'X, Spoilage NA 0 


I 
 Cocaine Seizures NA 3 2 


Net Cocaine Available NA 58 40 


BoliviaI, 
,• 1% Spoilage NA 
• 

Cocaine Seizures NA 5 4
l 
I Net Cocaine Available NA 64 80 


I
• Net Andean Total 795 715 62. 


., 

! 
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Appendix B: Sources For Enhanced Seizure Data 

Information in FOSS Data 

FDIN 
Drug Nnme 
Weight in Grams 
Date of Seizure 

State 
Southwest Border Flag - value is "Y" ifseizure was made on southwest border 
ConveyuI!cc Type: 

Aircraft 

Business 

Cargo 

Internal (body) 

Mat! 

Other 

Person 

Residence 


Unknown 

Vehicle 

Vessel 


Locution -varies by conveyance type: 
Aircraft - airport or city 
Business - street address 
Cargo - airport Of city 
Internal (body) - airport or city 

Mail-courier or city 
Other -latitude/longitude or city 
Person - city, street address. terminal name, Or' na.me of port of entry 
Residence - street address, city 
Unknown -Iat/long or city 
VchJ.cle - street address, city, Mme of port of entry, or Border Patrol checkpoint 
Vessel-Iatllong, city or name of port {If entry 

Conveyance ID -varies by conveyance type: 
Aircraft - ,flight number Of location ()[ drugs in aircraft 
Business name of business 
Cargo - bill of lading number, type of courier 
(ntemal (body) - n~mber of pellets Of flight number 
Mail- city or bill ofladmg number 
Other - container number, street address, or business name 
Person - flIght number, license plate number, carry :ocatio!l inion body 
ResIdence - slreet address or location in house (room) 
Unknown - various things that can't be categorized 
Vehic!e - type of car, license plate number (witb stare) 
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Vessel - vessel name 

Enforcement Activity: 

Abandoned 

Buy/Bust
1 
Buy/Wl)lk.I 
C()ntrolled delivery 
Consent search 
Eradication 
Free sample 
Interdic(ion 
Clandestine laboratory 
Other/unknown 
Reverse undercover operation 
Search warrant 
Traffic stop 
Undercover operation 

I 
I 
, 

j 

! 
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Information In EPIC BLISS Data 

DATE Date of Incident 

TIME Time of Incident 
DAY Day of Incident 

ZONE EPIC defined Seizure Zones witbm the SWB States 
AZO I - Arizona state line to 113 degrees west 
AZ02 ­ 113 degrees west to 1 ! I degrees wesr 
AZ03 -111 DEGREES west to New Mexico state line 
C~O 1 - Pacific Coast to 116 degrees west 
CA02 ­ 116 degrees to Arizona state line 
NM01- New Mexico west of Texas 

NM02 ­ New Mexico north of Texas 
TX01-Anthony, TX to WS degrees west 

TX02 ­ lOS degrees west to 102 degrees west 
TX03 ­ 102 degrees west to 100 degrees west 
TX04 ~ 100 degrees west to 99 degrees west 

TX05 ­ 99 degrees west to 98 degrees west 
TX06 - 98 degrees west to Texas Gulfcoast 

LOCATION City, State, Country 

HWY Highway Seizure LQCation (ifapplicable) 
T Type 

A- Abandoned 
r -Intrusion by vehicle at border (not POE) 

N- Investigation 
F - On foot at border (not POE) 
O~ Other 
P- Pedestrian at POE 
T - Traffic stop seizure 

L- Train 
U -Unknown 
V - Vehicle at POE 

K 	 Kind 
B - Between port~of"entry 
P - Through port-of-entry 
U - Unknown 

ENTRY Entry zone (if known) CAO I, etc, 

TOT Number ofSuspects Detained 

S ~;ex {M-male or F~femule) 


R Race 

BC Birth Country 

CZ Citizenship 
51' Vehicle Registration State 
YEAR Year Vehicle Built 

MAKE Vehicle Make 

MODEL Vehicle Model 
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Vehicle Type 
BUS.- Bus 

I 

CAR-Car 
4WD - 4.Wheel Drive 
MOR - Motorcycle 
FOT - On foot 
OTR-Other 
PUC - Pickup truck with camper 
rUT - Pickup truck without camper 
REC - Recreationai vehicle 
STW - Station wagon 
TNK - Tanker Truck 
TXT - Taxi 
TOW - Towed vehicle 
TRC - TroctortTrailer rig 
TLR - Trailer 
Th'l- Train 
TRK-Truck 
VAN-Van 
WRK - Wrecker 

\ LOC Concealment Location 
,DRG. Type ofdrug 
JAMOUNT Amount seized IMARKING Drug marking/packaging 

I 
I• 

! 

I., 
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, Information in Customs Seizure Data 

Port 

Conveyance Type 


Auto 


Bus 

Commercial aIr 

Fishing vessel 

Bicycle 

Commercial truck 

Train 

Motorcycle 


Other 

Van 

Private aircraft 

Mail 

Truck 

Commercial vessel 

Pedestrian 

Private vessel 


Express consignment 

No transport involved 


Discovery Date 

Agency Participation: 


Discovering 


Seizing' 


Participated in seizure 


Air Operations' Branch 


itinerary Info: 


In/Out Bound 


Date 


From 


Conveyance Info: 

Type 

Searched'! 


Seized'! 


Vessel Name 

Flight # 

Search Type 
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I 

, Results 

[Abandoned 

Bli'Z 

Dog Alert I
X-Ray 

Enforcement Aid Used 

'Long-range night vision system 


I'on~(lirbome infrared sensor devices 


Airbomc radar system 


Mobile 3·d radar 


Airborne flir system 


Airborne radio dif eqpipment 


Unattended ground/sca intrusl0n detection system 

1 UHF scanner 


RemoteCCTV 


j Hand held night viSion devices 


I 

Intel 


Air intel 


Marine units 


C'I 


Other 


Plane 


Enforcement profile 


Helicopter 


Beeper 


Transponder 


U.S.CS fixed radar sidei 
! Buster (density detector) 
, 
tContainerized 
I 
! Place of Disc;)vcry 

Place of Seizure 

Q'y 

FDIN 

Weight Detennination co~e 
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Nbr of Packages 

Pkg Type 

Country of Origin 

Export 

Destination 

Concealment Location 

Body cavity (including swallowed) 

On body 

Clothing 

Other body (including dead body) 

Suitcase 

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 in·Secret Compartment 
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Irnformation in Coast Guard Seizure Data 


Amount Gbs) 

Date of seizure 

Coast Guard Dislrict 

Drug seized 

Flag country 

Location 

State 

I
Seizing unit 

Vessel name 
, 
~Vessel type 

~ Infonnation sources 

I 
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Appendix C: Technical Details of the Border 
Allocation Model 

In this appendix we descnbe the Border Allocation model in considerable detail. The model utilizes 
datu from the Enhanced Seizure database and data about fees smugglers receive to deliver cocaine to 
the U.S. 

Transportation Costs 

As used in Ihis :eport, transportaliOlI COSl is the amount it costs to ship cocatt'.c from the source 
country to a particular U.S. border destination viti u particular mode of transportation.' This cost does 
not include the cost of 10SI cargo due to seizure. which is addressed subsequently. 

Transportation costS were obtained from Customs Reports of Investigations (ROJs) and from seizure 
and intellig(:nce reportsl2 ,. Using Customs BRS text search capabflity, we designed a query to extract 
those ROIs, intelligence reports, <lncl seizure rep<Jrts that contamed explicit transportation eost 
infQnnation for 1989 through 1999, l4.328 reports were retrieved. We then used the textual 
extraction programming language. PERL - first to screen for referenees to cocaine, and - next, to 
screen for datu pertainiro.g to tl1lnsportation costs, The first and second stages reduced the 14,328 
reports to 6.131 and 836 reports respectively. The ROI data extraction process is summarized in 
FigureCI. 

fn some C;JS!!S, payments consist of a portion of the load (in-kind payment), with or without a .cash 
payment Because these tr:.msactions are difficult to identify through the ROt extraction process, and, 
therefore. would likely be under-represented, we excluded them, We nlso ex;;;luded data prior to 
1991, the earliest year for our seizure data, leaving a total of 613 transportation cost obsenrations. 

We categorized these 613 observations by geographicai region (Fludda, the southwest oorder, and 
Rest ofthe U.S.) and by conveyance types (noncommercial and commercial air. noncommercial and 
commercial marine, and Ol:mcOmrnen;ial and commercial vehicle), Transportation costs for "Rest of 
U,S." were applied to the three regions that are identified in seizure (but not in transportation) data: 
northeast, Puerto Rico/Virgin Islands, and Rest of U.S, Table Cl summarizes the cost data in tenns 
of the average cost per kilogram, for 1991·1998. 

12 Layne, M.. Rbodes. W., Ches,er. c., rh({ Cost ofDoing Bu.I'ittttJ"!Of Cm.aitle Smuggler:.", March 2000, Abt 
Associates Inc. Report prepared for U.S, Customs Service, 
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I Figur. C1 
,I 

ROI Oata Extraction Process 

I All Custorm Repa1s of IlM!SIigalion 

(1989-1999)
'------ ------' 

Repa1s From BRS Search Query 

14,328-------- ------~ 
I 
I 
{ 

Cocaire Repa1s 

6,131 

11'--_____ _cata__--"Repa1s Wth_T..:;,,:s=-"lSI_P'l_>r1aIkr1_' 

I,--------------------------~-------------------------

frabl. C1 
I Transportation Costs by Region and.Conveyance ($ per kilogram): Average Over Years 1991-1998 

Sorder 
Region 

Noncom. 
Vehicle-.--­

Commercial 
Vehicle 

Noncom. 
--~-

Air 
Commercial 
--~.-~ 

Air 
Noncom. 

~ 
Commercial 
Marine 

Florida 
SW8 
Rest of U.S, 

5452 
$1, 371 

$870 

$2,875 

32,796 

$2,141 
$2,788 

$3,236 
$3,647 

$2,892 

$2,B52 
$3,530 
$2,932 

$2,902 
$3,716 

$3.304 

• IIldlGllC5 not apP!"''tl6ie 
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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 l4• 

Colombians pay Mexican traffickers up to one half a kilogram of cocaine for each kilogram 
successfully delivered. Thus, the adjusted transportation cost of shipping I kilogram consists o(two 
components: 

1. Cost of shipment, from Colombia to Mexico: $1,40015 . 

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 ($2,000\6): .5 x $2:000 
Transportation cost from Colombia to Mexico: .5x$\,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 
Borqer AlIo!:ation 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 smuggling 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 
transportlltion fees. Over a three-month period in 1989,40 metric tons were seized from vario'us 
warehouses in the U.S. (including 21 metric tons from a single warehouse in Sylmar, California - the 
largest cocaine seizure in U.S. history). Since then, Mexicans have adopted an in-kind arrangement. 

15 Senior Special Agent Frederick 1. Stacey, U.S. Customs Service. 1999. 

\6 Ibid. 
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E(Ciij) = exp(Region; + Conveyance) 

CV(Citi) = ~/"Jnilj 

In these expressions, a cost observation from the ith region andjth conveynnce at the!th time period 
is represented by Cilj. The mean and coefficient of variation of C ili are E(Cilj) and CV(Ci1j ), 'and the 

number of data points in iljth combination is nitj. The constant GJ 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 oftne coeflicient of variation is not 
,critical, in the sense that consistency and asymptotic normality are known to hold, even under mis­

:jSpeCification.17 

• 
;Outliers 

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 :.tre 
approxi~ately normally distributed under an assumed gamma response) were used in an analogous 
waylS. 

'I 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 ge!1uine data was 0.0 I. We deleted data in an iterated fashion because our 
t 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 genuine data, 
we infer that approximately 12% of the cost data were actually erroneous. Table CZ shows some 
examples of excluded data, 

I1______ 
\ 17 Fahrmeir and Tutz, 1994, pp.52-55 

t ~H McCullagh and Neider, 1989, pp. 37-40 
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Tabl. C2 
Examples of Cost Outliers ($ ;Jer kilogram): Florida by Commercia! Air 

Iteration Year Region Conveyance Reported Predicted Dev. Resid 

1 

2 
3 
4 
7 

1998 
1998 
1998 
199B 
1998 
1998 

Flo(da 
F!onda 
Florida 
Flonds 
Flonds 
Florida 

ComAv 
ComAir 
ComAlr 
ComAi( 
CamAir 
ComAlr 

SO 
23,000 

417 
640 

7,900 
926 

3,144 
3,14'; 

2,953 
3,076 
3,104 
3,098 

-3,B 
4.5 

-3.0 
-2,B 
2,' 

-2.6 

• 


Table C3 shows the smoothed conveyance cosL .. (Le., outliers removed) actually used in the Border 
Allocation ModeL The model implies, among 'other things, that Florida '5 costs are consistently 4O/~ 
higher than other region.s, and that commercial marine is 14% more expensive than commercial air, 
18% more expensive than noncommercial marine, and 19,% more expensive than noncommercial air. 

TableC3 
Smoothed Transportation Costs by Region and Conveyance (5 per kg): Average Over Years 1991-1998 

Border ReHion Noncom, CommerCial Noncom, Commercia! Noncom, Commercial 
Vehicle Vehicle Air Air Marine Marine 

Florida 52,998 $3,136 $3,011 33-,568 

Gulf Coast 52.882 53, on 52,9CO $3,431 

Northeast $2,882 $3,8;'': S2, geO $3,431 

PRNI $2,882 $3,0:'5 $2,900 $3,431 

SWB $3,067 $3,569 $2,875 $3,007 ,2,893 $3,422 
Rest of U.S, $3,075 $3,579 $2,882 $3,015 $2,900 $3,01 

. InJlntes nut apphca6!e 

Based on convcyance cOStS alone, the least cxpensive route into the U,S. is by noncommercial air 
through the l;outhwest border. What then prevents the entire cocaine flow destined for the U.s. from 

entering via this route? 

We consider two, possibly equilibrating forces, One is that, for a given region and conveyani:e, the 

probability of detection - and therefore the cost of seizure - meres:;e,; wIth the totai quantity .shipped. 
Highly traveled routes probably anrnct larger q~ntities of U.S. enforcement assets, and low-risk 
methods (e.g. flying at night) tend to be crowded out as more smugglers use them. Another possible 
equilibrating force is the preference to choose a border close to the ultimate U.S. market. Howcver, 

we did not pursue this second posstbillty because lronsporo.nion COStS wHhin the U,S. arc negligible 
compared to external transportation costs. 
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1 
(Technical Details of Border Allocation Model 

•
The model used here is essentially an economic one that assumes t:-,at smugglers choose to minimize 
~lntal t!"ansportation costs and thus, as a group, unwittingly equalize total tmr.sportation costs across all 

~roules {region·conveY,ince combinations) and times, We assume that the IOIa/lransportation cost for 
'the ijth route at the nh time, K,tj, is the tralls,portalioll cosl, C;~, (the sum required to ship cocaine from 
its source to the itt: regiotllrl the U.S, via thejth conveyance type) plus :he xeiZ'.lre cost. Zllj (the cost 
uS$Ociated with the cargo being seized). From the viewpoint of a Colombian shipper, it is ;tS$umed 
that the cost of seizure is simply the replacement cost of the lost cargo. This is just the prob",bility of 
seizure, Pllj' times the cost or producing'" metric ton, VI. Since costs of production have been 
reasonably stable l !} over the last decade, we take Vi to equal V. The probability of being seized for 
the ijth route at the tth time is simply the expected amount seized as a fraction of the umount shipped. 

IE(s",)rri" 

lwe further llsst\me that Colombian shippers choose routes such ,hat transportution costs are equal 
across all region~conveyance combinations and times, that is, K;lj = K for all ifi Tni5 behaviorul " 

i llssumption is based on the grounds thilt ifone route were cheaper than others. smugglers would 
iincrease activity through that route, thus im:reasing the likelihood of seizure and increasing total 
transportation costs, untt! equality prevailed. Similarly, ifsmugglers expe-cted next year's total 

transportation costs to be lower than this year's, they would choose to stox some coca.ine this year 


lund ship it next year. 

" Summarizing the above assumptions algebraically, We can express the total transpor.ation cost 

associated with the ith region,lth conveyance, and nh year as; 


K-CI(J +2ill 
-Ci~+P,~V 
=-ell] + {E(Silj)/Till)V 

Solving for E(Si~) and writing the amount through Ihe i/th route in a given year as a proportion oflhe 
~ total amount during that year, Ti1j =~>IjTh we obtain; 

I 
(1) 

I 
In these expressions, Sill and C;tj are observed variables, while Pig and K are paramelers to be 
estimated. Incidentally, the quantities TI and V do not affect the estimates of P:~ the key parameters 
of interest 

As it stands. with 217 parameters and 224 observations, model (1) is almost saturated. The 224 
seizure observations result from the 28 routes (six regions times six conveyances minus eight 
structural zeros) over eight years, and the 217 parameters result from estimutlng K plus 27 PijS in each 

• 

1 
I 

j-"-s-,-n-io-r-s-pe-d-al-A-g-e-n-l-fre-de-r-k-k-j-. Stacey, u.s. CUSlOms Se:vice: 

i-..::-;==:-:--_________---..;=:::;:;-__-;;:;
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year (the 28'1\ is i mim.:s the sum of the first 27 since the 28 probabilities must sum to unity). In 
passing. we note that even a fully saturated model (model (1) with eight distinct Kjs} is not entirely 
trivial inasmuch as it provides information that is far from obvious by an inspection oflhe dala. 
Nevertheless, high parameter models tend to over~fit the data at hand, and we improve on Ihis state of 
affairs by letting P'II be a parsimonious function of time, Pili 1;1: f,;(t). 

Three sim!}!c polynomial functions were considered. ones that allowed Pilito vary ovcr time in a 
,onstant, linear, 0; quadratic tashion: 

~hJ'" llij 

pilj .., U;j + V,} 


POIj :::::: U,j "1- ViJt + w;/ 


tn these expressions, u, v, and ware parameters t(? he estim~\ed. \Vhen these expressions are 
incorporated into mode! (l), the resulting models conbin 28.55, and 82 parameters respectively (e.g. 
"Ihe quadratic model estimates 27 UijS, 27 ViiS. 27 WijS, and K), all of which are considerable 
simplifications over model (1) itself, A likelihood rutl;) leSt indlCaled that the quadrati;; function was 
much preferred to the linear function (p<O.OOO I), while the linear function was similar to the constant 
function (p""O. f 56). Thus the model (I) becomes: 

(2) 


In fact, it was necessary to !!'lodify model (2) in two ways. Firs!ly, since the Pi~ are probabilities, it 
was desirable to constrain them to lie between zero llnd one, This was achieved by expressing Pilj as a 
multivariate !ogistic functton of an unconstrained parameter a'li:::::: (Uii + vllt + wut

2
), which means !3il.i 

look the form 

where the sum is overall iia. (Actually, since only 27 of the 28 13\\;s are estimalcd; the Jast f3~, was 
dropped. and Ihe denominator changes from .Eexp(~) 10 t:.Ecxp("4i) ~ exp(Ctw,) + Ii}. 

The second modification was entirely technical. Since K is at least as large as the largest Cit!, K was 
estimated via the parameter 'to where K ." max(C,Ij) +exp(y}, In light of these modifications, lhe final 
model was: 

£(Si4)'" (exp(u'j +Vijt +wi)l(l:(exP[ug + v\jt + wi,l1)r)Tdmax(Cilj) + exp(y} - CitiilV (3) 

V(S;,j) - 0' 

fn these expressions, Siu represents the kilograms seized from :hc lth rcgion,jth conveyance and ttn 
year, with mean E(S,j;) and vanance V(S,t!)< Note iha! parnmctcrJ s'..1Ch.as Uij actually represent the 
S~lm of27 purnmetcr·dummy variable tenus of the fonn uijI'j, where lij '" I for the ':ith region­
conveyance and J'l "'" 0 otherwise. As,prevlous!y noted, esl!ma~es of [J,qare una.ffected by the 
inclusion ofT.. bur for each year an estimate ofT! was obtained to produce estimates ofT;:j of the 

20 Judge et at. 1985. pp 770·77 
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I 

form Ti(j = T( x Pili" In this study. the estimate ofT! wns obtained as The sum of(1) estimates of pure 
~ocaine consumed in the U.S" (2) pure cocaine sClled inside the U.S .. and (3) pure cocaine seized at, 
the U.s. border. 

j 
Model (3) was successfuljy til via the method of least squares WIth the Gausg...Newton algorithm 
lusing SAS's NUN procedure. The Hnalysis of residual (the difference between observed and 
predieted seizures) supported the adequacy of the model specification in various ways {Table C4). 
·First, the variance of the residuals W115 unrelated to the mean level of seizu:-es. \vhich vindicates the 
hssumptton of constant variance, Second. residuals were small relative to seizure amOU!1ts. which
•implies the model closely fit the observed seizure data, Third, there was no obvious region­
lonveyance pattern in 'he resldeals, which suggests ,h" Ihe model Ii, 'he dara uniformly well. 

)Tatile C4 
Residuals By Region and Converance {n:etric tons): Average Over Years 1991-1998 

Border Noncom. Commercial Noncom. Commercial Noncom. Commercial . 
ReQion Vehicle Vehicle Air Air Marine Marine 

Florida 0,11 0.02 0.02 0.02 

Gulf Coast -0,03 -V.04 0.02 0,0' 

Northeast -0.03 0.02 -O.OJ 0.00 

PRNI 0.15 0.00 0.12 0,30 

SW6 -0.10 -0.02 O.Ol 0.01 0.45 0.02 

Rest of U.S. -0.04 -0.19 C.03 0.02 -0.03 -0,01 


• InJlcates "o! apP,.,,,vle 

'Limitations of the Model. 

'AS a nonlinear economic model~ the Border Allocation Model represents a new approach to' . 
'estimating cocaine availability at the U.S, border, and its estimates are strikingly different from Ihose 
~that might be obtained from simpler models, such as those assuming proportionality between seizures 
tand flows. Nevertheless. the Border Allocation Model has important limitations, b.oth as a model aod 
in tenus Qfthe data on which it is based. The following are some of these limitatIOns:l
t, 	 We have assumed that production costs for cocaine. V, and total transportarion costs. K, have 


been constant over the period 1991 through 1998. That is. we have assumed VI =V and KI =K, 

fOf all t. More accurate data is needed.
I

f2. 	 The method used to reconcile southwest border and Canadian transportation costs with 
transportlHion costs m other regions is tenuous, In ~rticular. the estimate used for the Colombia­

, to~Mexico leg needs improvement, and an invariant 50% payment-:n~kind is undoubtedly an

1• over-simplification, ' 
3. 	 It was noted that definitions ofseizure are inconsistent, particularly at the southwest and Florida 


borders, This inconsistency should be addressed,

1 
I 
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4, 	 The t;:!':onomic component of the model could be made :norc- realistic. For example, the cost of a 

seizure may be more involved than simply the repJaccmcn: co:-:t orJost cargo. A:1>O, the model 
may be insufficiently dynamic in that it implicitly assumes j market that ;nstantly equilibriates. 
However. we should note that the model is already complicated from a statistical vle\vpoint (e.g. 

difficulties in convergence occurred with certain optimization methods). and economic 
enhancements are likely to CaUse further complications. 

5. 	 We mlve noted that because the typicaL noncommercial drug smuggling flight stops short of the 
C.S, border, our model does not accurately reflect the contribution of noncommercial air. Morc 
gencmlly, ocr model :nay benefit by incorporating more realistic descriptions of the Colombia-IO· 
U.S. tfllnsp0!1atlon routes, 
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Appendix D: Technical Details of U.S. Domestic 
Allocation Model 
I, 
The premise of the Domestic Allocation Model is consistent with a cl;l;ssic, operations research 
transportation proble~: given quantities of cocaine entering the uomesl:c market at six border 
~egions, and given quantities demanded in each of ten U.s. divisions, ~! is assumed traffickers 
dete~ine the allocation that satisfLes demand in all divls(ons whde minimizing total transportation 

~·osts. Standard linear programming techniques are used. 

. ~ 

The general transportation prohlem is concerned with distributing a commodity from a group of . 
~upply centers (sources), to a group of receiving centers (destmatiuns). in such a way as to minimize 
total distribution cost In general, suppose that the ith source 0""1,2, .. ,., m) has a supply of S; units 
tb distribute to n destinations and the jth destitul.tion (i=!, 2•. '" , II) has a demand of Dj units to be 
r~cei"ed from the m sources. If Xij is the number of units to be distributed from SQurce i to
•
~estjnation j. tben S; = rXij, and OJ = LXij. 

I 
SubjC(;t to these demand and supply constraints, we assume suppliers choose X" in order to minimize , 
the total distribution cost, Z =rEf(Cij, X,,), where eil is tbe dIstribution cost per unit. For simplichy. 
J.e further assume that the distribution cost are proportional to the number ofunjts distributed, so that 
~Cij, X,) ... C'iXtj. The Domestic Allocation Mode! now becomes a standard linear programming 
problem. which we solved using the LP call in SAS IML: 

!inimize Z = i ~ CaXvI "i-I i'/ 

S\Ubject to :IX' = SI. for i=t. 2....• m 

z: X,; =D, forj=l, 2" .., n 

! 
i"i 

Xii?' O. for all i andj 

r~ generic terms, the observed variables S, D. and C represent supply. demand and costs of 
d'istribution. In our particular setting, S,. is the amount ofcocaine that passes through the ith U.s. 
b'order region without being seized. This is obtained from the Border AHoc:)tion Model described 
Jrlier as the estimated totul flow into thc ith region (summed over all eonveyances) minus the total 
afuoun( seized. minus Federnl non~border seizuxs. The demand at thejth census division, Dj , is 
e;timated as the fraction of tbe number of treatment clients11 in the <:ensus rlivisiun divided by the 
tAtal amount of cocaine consumed in the U.S.22 The costs of distribution. Cif, is the (:ost of shipping 

I
"I, Substance Abuse lind Menta! Health Services Administtatio:n, 1997, Uniform FadHty Data Set (UFDS): 
'. Data for 1995 and 1980-1995. Rockville, MD: Office of Applied Statistics. 

21jRhOOes. W" Layne, M .. Johnsto:o, P., Hozik, 1.1995, What Amerka's Users Spend on Illegal Drugs, 1988­
1998, November 1999, Abt Associates Inc. Report prepared for ONDep, 
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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 model provides a plausible tirst-order method for allocating coca me from border regions to 
consumption areas, a fundamental tlaw is its assumption that there are no barriers to trade. As 
cocaine is illegal. 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 neorestlcheapest city, but must go to a place where they have a buyer. Finally, we have not 
occounted for slale and locol 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: Transition Tables For 1997 
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Ap'pendix G: Transition Tables For 1998 
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