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Executive Summary

The 1980s were characterized by broad increases in the 
severity of sanctions imposed on criminal offenders in most States. 
From 1980 to 1990, the number of sentenced prisoners held in State 
prisons increased at an average annual rate of 9 percent. In most 
years prior to 1985, drug offenders accounted for fewer than 10 
percent of all prison admissions, and could therefore hardly have 
been a major factor in the growth of prison population. In 1985 
and 1986, however, drug offenders accounted for 13 percent and 16 
percent, respectively, of prison commitments, suggesting that their 
role in driving population growth was beginning to change.

Measures of drug consumption in the late 1980s suggest that 
the number of actual incidents of drug sales and possession did not 
increase much and may have decreased. Increases in the number of 
drug arrests are therefore much more likely to reflect increased 
enforcement intensity than actual increases in the number of 
incidents.

From 1985 to 1989, drug arrests (including possession, sale, 
manufacture, importation and distribution) in the 26 States 
included in this analysis increased at an average annual rate of 12 
percent, while arrests for index offenses (including murder, 
forcible rape, robbery, aggravated assault, burglary, larceny- 
theft, motor vehicle theft, and arson) increased less than half as 
fast (4 percent per year). From 1989 to 1990, arrests for drug 
abuse violations decreased by 12 percent, while arrests for index 
offenses continued to increase at about the same rate as previously 
(3.7 percent). Thus, one reason for increasing use of the prisons 
for those convicted of drug law violations has been this growth in 
arrests.

In 1985, the ratio of drug prison commitments to drug arrests 
ranged from approximately 1 percent to 8 percent. By 1990, every 
State for which data were available had increased the ratio of 
commitments to arrests, and half of the States showed prison 
commitment rates in excess of 9.8 percent. Several States had also 
increased commitment ratios for other offenses but seldom by as 
much as for drug crimes. Between 1985 and 1990, commitments for 
drug offenses increased 10 times more than commitments for nondrug 
offenses (332 percent versus 44 percent). Half of the total 
increase in new commitments was made up of drug offenders, and 45 
percent of the total increase can be attributed to the increased 
sanctions for drug offenses. Thus, a second reason for increasing 
use of the prisons for drug law violators is that when arrested and 
convicted, drug law violators were increasingly likely to be 
sentenced to prison.

In 1985, drug offenders served prison terms with averages 
ranging from 9 months to 48 months. By 1990, 11 of the 17 States 
for which data were available had decreased the average time served 
in prison by drug offenders, sometimes by more than 20 percent. 
Eleven of the 17 States also showed decreases in time served by



nondrug offenders. Decreases in the average time served reflect a 
combination of effects. First, it is reasonable to expect that 
even before the major emphasis on drug law enforcement, the most 
serious drug offenders were being sentenced to prison. Other 
things being equal, increased incarceration rates could be achieved 
only by imposing prison sentences on less serious offenders 
previously serving probation terms. One would expect these less 
serious offenders to receive shorter prison terms than more serious 
offenders who were incarcerated previously. Second, in some state 
prison systems accelerated release may be applied as a population 
control measure in response to crowding problems created by 
increased commitments.

Although the States studied here have been affected to varying 
degrees by the increased sanctions for drug offenses, none have 
been untouched. Over the period from 1985 to 1990, every State 
included in this analysis has shown increases in both the number of 
drug offenders sentenced to prison and of drug offenders actively 
serving prison terms. These increases exceed the corresponding 
rates of increase for nondrug offenses for all States. There is 
considerable evidence that increases in commitments have been 
partially offset by decreases in time served, and some evidence 
that some States have decreased their incarceration of violent and 
property offenders to make room available to house more drug 
prisoners.

Altogether, the 26 States included in this analysis increased 
their count of drug prisoners from 25,000 in 1985 to 94,000 in 
1990, while prisoners serving time for all other offenses increased 
from 253,000 to 323,000. If trends in arrest, commitment, and time 
served rates for nondrug offenses had been applied to drug 
offenders, the increase in the number of drug prisoners would have 
been only about 9,800. Thus over 59,500 of the total 69,300 
increase in drug prisoners could not be attributed to general 
arrest or Incarceration rate Increases. In these States the number 
of all prisoners (drug and nondrug) rose by approximately 139,000 
during the five-year period. Forty-three percent of this Increase 
Is explained by direct and Indirect effects of the Increased 
sanctions for drug offenses.^

Statistic* froa tha United States Courts indicate that Incrsaasd prison conaltaents and tlsa sarvsd 
for drug offenses ars contributing substantially to incraasa* in ths number of Inaataa housed by the U.S. lureau 
of Prisons. Drug offenders alone provided an incraasa of 5.960 annual arrivals (68 percent of tha total 
increase froa 1985 to 1990) at the Federal Bureau of Prisons. Tha length of prison sentences imposed on Federal 
drug offenders Increased froa an average of 58 aontha in 1985 to 81 aonths in 1990. During the saaa period 
the average sentence for nondrug offenses decreased froa 46 aonths to 37 aonths.

It Is still too early to obssrvs changsa in the tiaa actually served In prison, but data on prison 
inaatas indicate that 83 percent of drug offenders admitted in 1989 mra still in prison 12 aonths after entry 
compared to 76 percent of thosa admitted In 1985. Two-thlrda (66 percent) of drug prisoners admitted in I9se 
were still Incarcerated 24 aonths after coaaltaent. coaparad to 60 percent of those coaaltted In 1985. Sa tne 
new sentencing policies take full affect, tha number of Federal drug prisoners will incraasa subatantial:y



Introduction

For nearly 50 years after the introduction of the National 
Prisoner Statistics series in 1925, prison populations increased no 
faster than the general growth of the population of the United 
States. With the exceptions of the Depression and the Second World 
War, prisons housed about one inmate for every thousand in the 
general population until approximately 1970.

Throughout the 1960s, the size of the prison population of the 
United States was either stable or declining. Then, in 1972- 
73, that population began to rise sharply. In five years it 
increased by almost 50 percent.... In many jurisdictions, 
corrections resembled a rush-hour highway; the system runs 
normally at or above its capacity, so any abnormal load 
creates unmanageable difficulties.^

Subsequent experience has shown prison crowding, rather than 
being an abnormal condition, appears to have become the chronic 
condition of most prison systems. The trend of increasing 
population has now persisted for more than two decades. In recent 
years, research attention has turned toward identifying the 
underlying causes which have driven this sustained growth, both 
because it is an interesting sociological question and for the more 
practical reason that correctional planning and budgeting depend on 
reasonably accurate short and intermediate projections of future 
prison populations.

Various hypotheses have been reviewed in the literature^ 
without producing a conclusive consensus on the sources of prison 
population growth. While these need not be completely recited 
here, the most widely discussed hypotheses include:

• increases in the number or seriousness of crimes,

• higher priority given to "getting tough on crime" in 
general public opinion or in the attitudes and actions 
of political leaders,

• Increases in the crime-prone (or arrest-prone or prison- 
bound) demographic segments of society,

• unemployment, and

^ Michael Sherman and Gordon Hawkins, Imprisonment in America: 
Choosing the Future, (Chicago: University of Chicago Press, 1981),
7.

^ For example, Franklin E. Zimring and Gordon Hawkins, The 
Scale of Imprisonment, (Chicago: University of Chicago Press, 
1991).



• drugs.

These theories are not mutually exclusive. Many logically 
consistent combinations can be imagined. Increased crime--or the 
perception thereof—might motivate public support for more 
incarceration. Additional crimes might be committed to finance 
drug consumption or as part of the business strategy of drug 
wholesalers. Although researchers disagree on the theory or 
combination of theories with which to explain the growing use of 
imprisonment in the past twenty years, most would probably agree 
that no single cause provides a complete account of past trends, 
and most would include demography and more severe sentences as two 
of the principle factors.

Early in 1991, Patrick Langan, of the Bureau of Justice 
Statistics, published an analysis of factors influencing changes in 
State prison commitments between 1974 and 1986.^ He concluded that

No clear evidence was found that prosecutors were increasingly 
using mandatory prison sentencing laws, that judges were 
imposing longer prison sentences than previously, or that 
parole boards were making prisoners serve longer before their 
first release. Changes since 1973 in population demographics 
and in police-recorded crime and arrest rates were found to 
have only a modest impact on prison population growth. The 
war on drugs was found to have only a small impact despite 
Increased drug arrest and imprisonment rates. One change 
found to have a major impact was the Increased chance of a 
prison sentence after arrest for nearly every type of crime.

This paper analyzes more recent data bearing on one specific 
finding of the Langan paper: the effect on prison populations of 
changes in the level of sanctions imposed on drug offenders. Few 
crimes have shown more dramatic increases in sanction severity over 
the past few years than drug offenses. In this paper recent data 
from several States is examined in an attempt to quantify the 
effects of Increased drug enforcement on prison commitments and 
populations.

In years prior to 1985, drug offenders accounted for 
fewer thiii 10 percent of all prison admissions,® and could 
therefor%]bardly have been a major factor in the growth of prison 
populatlMlI'^ which by then had been an established trend for more 
than a decade. In 1985 and 1986, however, drug offenders accounted 
for 13 percent and 16 percent, respectively, of prison commitments.

* Patrick Langan, "America's Soaring Prison Population, 
Science, 251 (29 March 1991): 1572.

® Ibid., 1571.



suggesting that their role in driving population growth was 
beginning to change.

Individual State departments of corrections have specifically 
identified Increased sanctions for drug offenses as a major 
contributor to recent increases in their populations.

The key factor in the increase in court admissions [in 
Illinois] is, without doubt, the war on drugs and the 
subsequent increase in the number of drug offenders being sent 
to prison. Approximately 47% of last year's [FY 1991] 
population growth is attributable solely to more drug 
offenders coming to prison.®

[In Florida,] increases in crime, especially drug arrests, are 
closely associated with the rise in new prison commitments.. .. 
Admissions to prison for new drug offenses have risen an 
astonishing 1,611% over the past ten years.’

The number of [California's] felon new admissions for drug 
offenses increased by 433.9% from 2,428 in 1984 to 12,962 in 
1989. As a percentage of all felon new admissions, drug 
offenders increased from 13.9% in 1984 to 37.9% in 1989. Drug 
offenders accounted for most of the overall increase in new 
admissions from 1984 to 1989.®

... The number of drug offender PV-WNTs [parole violators with 
new terms] has increased tenfold, from 379 in 1984 to 3,884 in 
1989.’

The dramatic increase seen in [Pennsylvania] court commitments 
in 1989 is most likely the result of new (1988 & 1989) 
mandatory sentences and increased enforcement measures aimed 
at drug offenders.^®

® Illinois Department of Corrections, Adult Projections 
Update: May, 1991, 8.

’ Florida Department of Corrections, Annual Report: 1988/1989, 
24-25.

“ California Department of Corrections, California Prisoners 
& Paroleea, 1989, 14.

’ Ibid., 21.

Commonwealth of Pennsylvania Department of Corrections, 
Annual Statistical Report 1988 & 1989, 1.



An analysis of projections of future populations prepared by 
12 States using a common projection model found that under 
existing policies, the States will increase their prison 
populations by over 68 percent by 1994 [compared to 1989], an
average annual growth rate of about 13 percent per year___
The primary reason for the dramatic increase in prison 
populations is the War on Drugs, which is not only increasing 
the number of prison admissions but is also increasing the 
rate of parole violations. The already disproportionate rate 
of Blacks and Hispanics being sent to prison will increase 
considerably, principally due to the War on Drugs.

The most recent nationally comprehensive data on prisoners 
extend only through 1986. Levels of drug enforcement have changed 
significantly since then, and analyses of the national historical 
data leave open the question of the impact of changes in the last 
five years. Although national data do not shed light on recent 
trends, many States have published reports which are sufficiently 
detailed to allow individual estimates of changes in their 
correctional systems through 1989 or 1990. The States gathering 
these statistics' follow differing classification and counting 
practices, so that data from one State may not be comparable with 
data from others. Generally, however, calculations within each 
State are internally consistent, so that case study analysis of 
individual States is possible. The estimates presented here 
summarize the results of 26 such State level analyses.

The Data

Data were collected on arrests, prison commitments, and prison 
populations. To the extent possible, the data cover each year from 
1980 to 1990. A special tabulation of the number of drug arrests 
in each State (1980-1989) was provided by the Uniform Crime Reports 
section of the Federal Bureau of Investigation. The police 
departments covered by these data correspond exactly to those 
reporting arrests published in the annual Uniform Crime Reports 
(UCR). The reporting jurisdictions include approximately 85 
percent of the total population of the United States. (Coverage 
varied from State to State and year to year.) Each reported number 
of arrests was adjusted to estimate the total number of arrests 
which would have been observed had all jurisdictions reported. 
Arrest data for 1990 were computed by Abt Associates from 
individual agency reports provided by the UCR program. The 
estlmatlcm method used for 1990 incorporates data from Incomplete 
reports, which are not used in the FBI’s publications. The total 
number of drug arrests in the U.S. estimated by this method is 5

James Austin and Arron McVey, "The 1989 NCCD Prison 
Population Forecast: The Impact of the War on Drugs," NCCD Focus 
(December 1989): 1.



percent higher than the corresponding estimate published by the 
FBI.

For analysis of arrest data, offenses were grouped Into two 
categories: drug offenses (which includes possession, sale, 
manufacture, importation, and distribution) and index offenses. 
Index offenses include most of the serious offenses for which 
prison sentences are imposed. Index offenses include: murder (0.7 
percent of the 3,006,000 index arrests estimated in the United 
States in 1989), forcible rape (1.3 percent), robbery (5.5 
percent), aggravated assault (15.3 percent), burglary (15.6 
percent), larceny-theft (53.4 percent), motor vehicle theft (7.6 
percent), and arson (0.6 percent). Taken together, drug and index 
offenses account for approximately 80 percent of admissions to 
State prisons. Other arrests were not considered because the 
imprisonment rate for other offenses is much lower than that for 
drug and index offenses.

At the time files were closed for analysis, 26 States had 
provided data on prison commitments in both 1985 and 1990. We 
asked State respondents to restrict commitment data to newly 
sentenced inmates received from court, as opposed to returning 
parole violators and persons entering prison under other 
circumstances, but in six States where these data were not 
available, we accepted total commitments.

Numbers of prisoners were also provided by 26 States (not 
necessarily the same as those providing commitment data). In 
general, populations refer to inmates present on the last day of 
the State's fiscal year, although in some instances average daily 
populations or counts on some other date in the year were provided. 
Commitment data refer to the 12 months preceding the date on which 
populations were measured. The data generally describe adult 
prisoners held in State custody and therefore exclude inmates of 
county Jails, even if temporarily housed there awaiting space at a 
State facility. Computed estimates of total prisoners in each 
State are internally consistent from year to year, but because of 
these differences in accounting practices, commitment and inmate 
data cannot be directly compared among States.

The Mod^'

Thiff^ analysis follows an approach generally similar to 
Langan's, with modifications imposed by the more limited data 
available on recent drug offenders. Langan modeled prison 
commitments as the product of

Population (grouped in three races and two age groups)

X Crime rate (grouped in nine offense categories)

X Probability that a crime results in arrest



X Imprisonment rate.

To test the effect of specific changes, he applied 1974 rates for 
each factor to 1986 data. Drug offenses, crime rates and arrest 
probabilities are unknown, since drug sales and possession are 
generally not reported to the police. Thus Langan's model for 
these offenses is simplified to three factors: population, arrest 
rate, and imprisonment rate.

In the analysis presented here, demographic effects are 
excluded, first because Langan found them to be relatively 
uninfluential, and second because over the five years which have 
elapsed since Langan's data were collected, the composition of the 
population has not changed greatly. We have, however, added two 
components not analyzed by Langan. First, Langan's data refer to 
the combined prison populations of all 50 States. Since our data 
came from individual State reports, rather than national surveys, 
we could not replicate this aggregation. In examining the data 
from individual States, it became apparent that different States 
followed different policies with regard to sanctions for drug 
offenses; many showed greatly increased volumes of offenders and 
substantially higher use of incarceration, while others showed 
little effect at all. An aggregate analysis would dilute the 
magnitude of population changes in the States whose drug sanction 
policies changed most, although it would probably come to similar 
qualitative conclusions.

Second, this paper considers both prison commitments and 
prison populations. Prison population and the number of prisoners 
committed are directly related via the average time prisoners 
serve. The form of the relationship depends on the dynamics of 
commitment. If commitments are a linear function of time (t), the 
relationship is approximated by a simple product:

(1) prisoners^ 

where: prisoners^

commitments

tl«9 served

(t-i, ti

commitments x time served

the number of prisoners at time t.

the total number of new commitments from 
court over the year from t-1 to t, and

the average number of years expected to 
be served by an arriving prisoner.

Solving this equation for time served yields

time served = prisoners/commitments.



Although equation (1) is exact when prison commitments 
increase linearly over time, our data indicate that prison 
commitment* and populations have been increasing significantly 
faster than linearly. A more accurate estimate of time served, 
which takes into account the effect of increasing commitments,^^ 
is provided by:

time = -In (1 - qr/(1 + r))
In (1 + r)

where: time = average time served,
r = annual rate of change in commitments, and 
q = prisoners^/commitmentsjt.^^].

Prison commitments in this model are expressed as the number of 
arrests times the commitment rate:

(2) Commitments

where: Commitments

tt-i. ti

[t-i. ti

arrests [t-i. t)

commitment rate [t-i. t]

arrestS[t-i, tj * commitment ratej^.i

number of new prison commitments in 
the year t-1 to t,

number of arrests in the year t-1 to 
t, and

= number of new commitments per
arrest during the year.

This again is an approximation, since the persons arrested in one 
year are not necessarily sentenced in that year, the crimes 
reported at the time of arrest need not correspond to those for 
which offenders are sentenced, and some offenders are sentenced for 
crimes not covered by arrest data.

Combining equations (1) and (2) yields

(3) prisoners » arrests x commitment rate x time served.

Some States were unable to provide sufficient data to estimate time 
served but provided data on total numbers of prisoners. In these 
States a Simplified version of equation (3) was used:

(4) pri - arrests x incarceration rate

where the incarceration rate is the ratio of prison population 
(rather than commitments) to arrest.“

See appendix for derivation.

The following States were modeled using equation (3): 
Delaware, Florida, Hawaii, Kansas, Massachusetts, Michigan, 
Minnesota, Montana, North Carolina, New York, South Carolina, and



The Impact of the increased sanctions for drug offenses is 
estimated by comparing the actual number of prisoners in 1990 with 
the number which would be predicted by this model using 
hypothetical values of arrest, commitment, and time served for drug 
offenders. The hypothetical values are based on the assumption 
that each parameter for drug offenders would change from its 1985 
level by the same proportion as did the corresponding factor for 
nondrug offenders.

This assumption combines trends which are not specific to drug 
offenses, such as demographic change and generally higher arrest or 
imprisonment rates, in a single factor. Over the five years from 
1985 to 1990, changes in the composition of the population would 
have had only a slight effect on imprisonment; demographic factors 
can plausibly be advanced to explain trends over decades, but they 
change too slowly to be a major contributor to the more rapid 
changes which have characterized drug sanctions.

For the types of offenses commonly reported to the police (UCR 
index offenses), arrest rates are customarily based on either the 
number of crimes committed or the number of offenses known to the 
police. Over the period from 1985 to 1990, the number of these 
offenses increased at an average annual rate of 3 percent, while 
arrests for the same offenses approximately followed, increasing at 
3.5 percent annually.^* For drug offenses it is impossible to 
compare arrests with crime incidents, since these offenses are 
seldom reported. Indirect measures of drug consumption suggest 
that the number of actual incidents of drug sales and possession 
during the period covered by this analysis did not increase much 
and may have decreased:

Between 1985 and 1988, use of all drugs in the past year 
decreased among those aged 12-17, except for hallucinogens and 
heroin, which remained relatively stable.

... Between 1985 and 1988, the use of most drugs in the past 
year decreased among those aged 18-25.

Washington. Six additional systems were modeled by equation (4): 
Arkansas, Alabama, Connecticut, the District of Columbia, Maryland, 
and South Dakota.

Federal Bureau of Investigation, Crime in the United States 
1990, (Washington; Government Printing Office, 1991), 50, 180.



... Between 1985 and 1988, the percentage of those aged 26 and 
older using drugs in the past year decreased for all drugs, 
although not all the decreases were statistically significant.^^

Increases in the number of drug arrests are therefore much more 
likely to reflect increased enforcement intensity than actual 
increases in the number of incidents.

Arrests

From 1985 to 1989, estimated drug arrests in the United States 
increased at an average annual rate of 12 percent, while arrests 
for index offenses increased one-third as fast (4 percent per 
year). From 1989 to 1990, estimated arrests for drug abuse 
violations decreased by 12 percent, but arrests for index offenses 
continued to increase at about the same rate as previously (3.7 
percent).^® Changes from 1985 to 1989 in the number of drug 
arrests were unevenly divided among the States (figure 1). The 
number actually decreased in 11 States, and 10 more had compound 
annual increases of 10 percent or less (table 1).

Prison commitments

In 1985, the ratio of drug prison commitments to drug arrests 
(table 2) ranged from under one percent (Kentucky and Minnesota) to 
8 percent (Mississippi). By 1990, every State for which data were 
available had increased the ratio of commitments to arrests, and 
half of the States showed prison commitment rates in excess of 9,8 
percent. Several States had also increased commitment ratios for 
other offenses, but seldom by as much as for drug crimes.^’

In the 26 States for which drug commitment data were available 
in 1985 and 1990, commitments for drug offenses quadrupled in five 
years (table 3). During the same period, commitments for nondrug 
offenses increased by a total of 44 percent. Commitments for all 
offenses rose by 118,000 prisoners. Half of this total increase in 
new commitments (62,000) was made up of drug offenders, and 45 
percent of the total Increase (54,000) can be attributed to the 
increased sanctions for drug offenses; that is, if drug arrests and

National Institute on Drug Abuse, National Household Survey 
on Drug Abuse: Main Findings 1988. (Washington: Government 
Printing Office, 1990), 15, 16.

FBI, Crime in the United States 1990, 182.

Prison commitment rates for crimes other than drug offenses 
decreased in Delaware, Georgia, Hawaii, Illinois, Indiana, and 
North Carolina.



commitment rates had only kept pace with the corresponding 
statistics for nondrug offenses, prisons in these States would have 
received 45 percent fewer total new commitments.

■



Time served In prison

In 1985, drug offenders served prison terms with averages 
(table 4) ranging from 9 months (Georgia) to 48 months (Nebraska). 
By 1990, 11 of the 17 States for which data were available had 
decreased the average time served in prison by drug offenders, 
sometimes by more than 20 percent. Eleven of the 17 States also 
showed decreases in time served by nondrug offenders.

Some of these systems were operating under externally imposed 
population caps, which had the effect of requiring that one release 
accompany each admission. In these systems, net prison population 
changes were effectively insulated from increased commitment rates 
by a corresponding decrease in time served. Increased sanctions 
for drug offenders in these States can only result in increased 
backlogs of sentenced offenders held in local jails awaiting prison 
space^® or early releases of prisoners convicted of violent or 
property crimes.^®

Decreases in the average time served reflect a combination of 
effects which cannot be clearly distinguished on the basis of these 
data. First, it is reasonable to expect that even before the major 
emphasis on drug law enforcement, the most serious drug offenders 
were being sentenced to prison. Other things being equal, 
increased incarceration rates could be achieved only by imposing 
prison sentences on less serious offenders previously serving 
probation terms. One would expect these less serious offenders to 
receive shorter prison terms than the average of the more serious 
offenders who were incarcerated previously. Second, in some 
systems accelerated release may be applied as a population control 
measure in response to crowding problems created by increased 
commitments. Third, these measures of time served in prison do not 
include time served in local jails either awaiting trial or after 
sentencing pending transfer to State facilities. Both of these may 
have increased due to increased caseloads.

18 N I of December 1989] in Louisiana there are approximately 
4,000 [State] Inmates housed in local jails.... In Tennessee over 
2,800 inmates, and in Virginia over 2,000 inmates are so housed." 
Austin and McVey, "1989 Prison Population Forecast," 4.

"Florida ... has dramatically increased its use of 
'administrative gain time' and 'provisional release credits.' 
These actions have shortened prison terms to the extent that over 
3,000 inmates are now being released early each month." Ibid. 
(emphasis in original).



Prisoners

Altogether, the 26 States providing consistent data on 
prisoners for this analysis increased their count of drug prisoners 
from 25,000 to 94,000, while prisoners serving time for all other 
offenses increased from 253,000 to 323,000 (table 5). If trends in 
arrest, commitment, and time served rates for nondrug offenses had 
been applied to drug offenders, the increase in the number of drug 
prisoners would have been only about 9800. Thus 59,500 of the 
total 69,300 increase in drug prisoners could not be attributed to 
general arrest or incarceration rate increases. In these States 
the number of all prisoners (drug and nondrug) rose by approxi­
mately 139,000 during the five-year period. Forty-three percent of 
this increase is explained by direct and indirect effects of the 
increased sanctions for drug offenses.

In four States (Nebraska, North Carolina, Washington, and West 
Virginia) the absolute number of prisoners serving time for violent 
and property offenses decreased. In these States the number of 
drug prisoners increased by substantially more than the decreases 
in the number of violent and property offenders. If these 
transfers are interpreted as displacement, these States provide 
instances where increased drug sanctions not only increased total 
prison populations but also decreased the States' ability to use 
prison as a punishment for other offenses. In these States, 
applying the changes in nondrug sanction rates could overstate the 
effect of drug offenders on total prison population, since some of 
the effect of increased drug prison commitments may have been to 
decrease another part of the total prison population.

Apart from these four States, there is little evidence that 
drug prisoners were being substituted for other types of offenders; 
the States with largest percentage increases in drug prisoners 
tended also to have greater than average percentage Increases in 
the number of nondrug prisoners. The greatest impacts of increased 
drug sanctions appear to have been felt in Connecticut, the 
District of Columbia, Georgia, Massachusetts, New York, and Texas, 
where over half of the total increases in prison population were 
due to increases in the number of drug prisoners beyond that which 
would have been predicted based on trends in arrest, sentencing and 
time served for other offenses.
Federal SItrlaoners

Federal offenses differ substantially from those under State 
jurisdiction. Most of the violent and property offenses which 
result in State prison sentences come under Federal jurisdiction 
only in exceptional circumstances, such as when they are committed 
on Federal lands or are directed against victims for whom a Federal 
interest exists. For example, robbery generally is not covered by 
Federal law, but robbery of FDIC-insured banks is a violation of 
the U.S. Code. Thus, the preceding analysis which was appropriate 
for State drug arrests cannot be applied directly to DBA arrests.



However, statistics from the United States Courts indicate 
that increased prison commitments and time served for drug offenses 
are contributing substantially to increases in the number of 
inmates housed by the U.S. Bureau of Prisons. The number of 
convictions in the Federal courts for drug offenses rose from 
10,289 in 1985 to over 16,000 in 1990.^° (During the same period, 
the number of nondrug convictions increased by approximately one 
percent per year.) Incarceration rates for convicted drug 
offenders increased from 77 percent to 86 percent, while the rates 
for other kinds of offenses increased from 42 percent to 48 
percent. The net result was that drug offenders alone provided an 
increase of 5,980 annual arrivals (68 percent of the total increase 
from 1985 to 1990) at the Federal Bureau of Prisons.

The length of prison sentences imposed on Federal drug 
offenders increased from an average of 58 months in 1985 to 81 
months in 1990. During the same period, the average sentence for 
nondrug offenses decreased from 46 months to 37 months. These 
changes in sentences reflect the effect of sentencing guidelines, 
which applied to most of the offenders sentenced in 1990. Under 
the laws applicable in 1985, offenders sentenced to more than one 
year were usually eligible for parole after serving one-third of 
their sentences. Parole is abolished by the sentencing guidelines, 
and offenders are expected to serve their entire terms, except for 
a possible 15 percent reduction, which may be earned for good 
behavior. Thus, the 40 percent increase in nominal Imposed 
sentences for drug offenders can be expected to translate into a 
substantially greater increase in time actually served.

It is still too early to observe changes in the time actually 
served in prison, but data on prison inmates indicate that 83 
percent of drug offenders admitted in 1989 were still in prison 12 
months after entry, compared to 76 percent of those admitted in 
1985.^^ Two-thirds (66 percent) of drug prisoners admitted in 1989 
were still incarcerated 24 months after commitment, compared to 60 
percent of those committed in 1985. As the new sentencing policies 
take full effect, the number of Federal drug prisoners will 
Increase substantially.

Bureau of Justice Statistics, Federal Criminal Case 
Processing, 1980-89, with Preliminary Data for 1990, (Washington: 
Government Printing Office, 1991), 9.

Unpublished analysis by Abt Associates Inc.



Conclusions

Although the States studied here have been affected to varying 
degrees ty the increased sanctions for drug offenses, none have 
been untouched. Over the period from 1985 to 1990, every State 
with sufficient data to support analysis has shown increases in 
both the number of drug offenders sentenced to prison and of drug 
offenders actively serving prison terms. These increases exceed 
the corresponding rates of increase for nondrug offenses for all 
States. There is considerable evidence that increases in 
commitments have been partially offset by decreases in time served, 
and some evidence that some States have decreased their 
incarceration of violent and property offenders to make 
available to house more drug prisoners. room



APPENDIX

Estimation of time served in prison

When prison intake increases exponentially, equation 1 
underestimates the time served. As an initial case, assume that 
all prisoners serve identical prison terms of s years

Let = prison population at time t, and
= new commitments from court during the year t-1 to t.

Then Pt-i + C, - C„.

t t-s
Equivalently, = E - E

1 1

E C,
t-s+1

If commitments are increasing exponentially, = Cq (1 + r)*, 
where r is the growth rate per period, and

t
P, = Co E (1 + r)' 

t-s+1
(1 + r)‘*i - (1 + r) t-«*l

Ct
[Co / r] [(1 + r)'*' - (1 +

Co (1 + r)'
(1 + r) - (1 + r)

" -«• r) [1 - (1 + r)-3

Solving equation for s yields
8 - -In (1 - rP,/C,/(l + r))

In (1 + r)

where: s = average time served and
r =■ annual rate of change in commitments



TABLE 1
DRUG AND OTHER ARRESTS. 1985 and 1990

Di~tia OffensAa Model Not nther Offemtee
1985 1990 5c for 1990 Fffmrt

1 <9^0

Alabama 7.684 13,398 74.4» 8.686 4.712 30.171 34.105 13.0»
Alaska 1,756 758 -56.8* 1.081 -323 10,329 6.359 -30.4»
Arizona 12.833 14,471 12.8« 16.563 -2.092 48.281 62.311 29.
Arkansas 6.084 6,061 -4» 6,910 -849 19.884 22,581 13.6%
California 179.723 251.605 40. OX 240.410 11.195 340.113 454.961 33.at
Colorado 7.667 7,556 -1.4* 7,839 -283 47,868 48.941 2. 2tConnecticut 13,267 21,374 61.1* 16,395 4.979 44.170 54.585 23.6t
Delaware 1,334 2.222 66.6% 1,651 571 6.464 8,000 23.at
District Of Columbia 9,146 9,998 9.3* 10,132 -134 10,374 11.492 10.at
Florida 42,753 67,983 59.0* 57.547 10.436 158,247 213,010 34.6t
Georgia 19,221 33,326 73.4* 28.005 5.321 59,135 86.162 45. 7t
Hawaii 5.167 3,597 -30.4* 6.609 -3,012 9,847 12.596 27.9t
Idaho 1.520 1.858 22.3* 1,837 21 9.850 11,907 20.9t
Illinois 35.881 80.456 124.2* 56,133 24.323 60,553 94.731 56.4t
Indiana 7,576 10.325 36.3* 9,935 390 38.903 51,015 31.lt
Iowa 2,761 3.311 19.9* 3,505 -194 20.471 25.989 27.Ot
Kansas 3.605 6.334 75.7* 2.677 3.657 20.992 15.588 -25.7X
Kentucky 11.593 13.598 17.3* 11,447 2.151 30.706 30.318 -1 . 3t
Louisiana 10,500 17.049 62.4* 11.480 5.569 53.293 58.266 9.3t
Maine 1,759 2.329 32.4* 1.840 489 9,934 10.393 4.6t
Maryland 20.147 28.686 42.4* 22.953 5,733 53.969 61.487 13.9t
Massachusetts 16.005 22.403 40.0* 20.865 1.538 38.712 50.467 30.4t
Michigan 16.814 28.330 68.5* 19,841 8.489 77.530 91,489 18. Ot
Minnesota 5.551 7.005 26.2* 6.019 986 33.959 36.823 a.4t
Mississippi 8.042 11.116 38.2* 8,517 2,599 32.530 34.450 5.9t
Missouri 11.466 17,462 52.3* 13.479 3,983 65.803 77.358 17. 6»
Montana 1.086 1.626 49.7* 919 707 8.145 6.894 -15 4t
Nebraska 2.371 4.064 71.4* 2.583 1.481 13,452 14.657 9 Ot
Nevada 5,840 7,838 34.2* 6.720 1.118 14.902 17,146 15. It
New Hampshire 2.248 4.146 84.4* 2.149 1.997 6.822 6,520 -4 4t
Mew Jersey 36,920 47.225 27.9* 40.711 6,514 77.330 85.270 10.3t
New Mesico 5.914 6.405 8.3* 6.451 -46 20.595 22.465 9 It
New York 103,544 124.591 20.3* 124.375 216 184.679 221.833 20 It
North Carolina 17.389 26.504 52.4* 24.295 2.209 61.096 85.361 39 . "t
North Dakota 952 939 -1.4* 1.160 -221 5.126 6.243 21.8t
Ohio 22.755 30.436 33.8* 26.620 3.816 85.541 100,067 17 . Ot
Oklahoma 9.084 8,947 -1.5* 9.383 -436 28.620 29,561 3 3t
Oregon 6.394 9.914 55.1* 6,739 3.175 33.671 35.491 5 4t
Pennsylvania 19.578 27.193 38.9* 15.567 11.626 94,296 74.981 -20 5t
Rhode Island 3.017 2.939 -2.6* 3.725 -786 8.013 9.895 2 3 5t
South Carolina 11.319 15,766 39.3* 14.684 1.082 26.350 34,185 29 ^t
South Dakota ^ 1.504 1.042 -30.7* 1.321 -279 6,999 6. 147 -12 2t
Tennessee 10.768 23,457 117.8* 12.741 10,716 49.371 58.419 18 3t
Texas 61.550 62.634 1.8* 71.073 -8.439 180.369 208.277 15 *t
Utsh 5.729 4.026 -29.7* 6.631 -2.605 25.163 29.125 15 7^
Vermont 741 883 19.2* 737 146 2.462 2.451 - 4t
Virginia 12.431 18.312 47.3* 17.074 1.238 45.495 62.487 3 7 3 t
Washington 8.911 17.419 95.5* 9.138 8.281 60.592 62,131 2 5t
West Virginia 1.647 2.706 64.3* 1.581 1.125 11.873 11.392 - 4 Dt
Wisconsin 9.857 9.401 -4.6* 10.700 -1.299 58.226 63,201 9 5t
Wyoming 957 708 -26.0* 1.049 -341 3.393 3.719 9 6*

822,359 1.141.732 38.as 1.010.481 131.251 2.444.668 2.923.300 19 M

Source: Uniform Crime Reports. Except 1990 drug arreete recomputed 1by Abt Associates.



TABLE 2
PRISM C0(*ITMEKT3 A3 A FRACTION OF ARRESTS FOR DRUG AND OTHER OFFENSES. 1985 and 1990

DriiQ OffB 
1985 1990 1985

Model 
for 1990 Net Effect

Alabama
Arliona
Arkansas
California
Delaware
Florida
Georgia
Hawaii
Idaho
Illinois
Indiana
Iowa
Kansas
Kentucky
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
New Hampshire
New York
North Carolina
Ohio
Oklahoma
Pennsylvania
South Carolina
Tennessee
Tesas
Vermont
Virginia
Washington
Wisconsin

11.8»

✓ 3.8* 13.5* 7.3S 9.6S 5. OS 8.5S
10.6« 11.9S

/ 2.0* 5.5* 5. OS 5.6S 2.3S 3.2S
^4.8» 11.2» 10.6S 7.5S 3.4S 7.7S

23.8» 7.8S 13.4S 8.IS 15.7S
w5.1« 10.6X 10.IS 8.2S 4.IS 6.5S
^1.1* 3.2» 4.3S 3.8S l.OS 2.2S
k5.1» 13.8X 8.7S 10.6S 6.2S 7.6S
y2.2X 5.1X 15.3S 13.5S 1.9S 3.2S
W6.7X 9.6» 13. OS 10.IS 5.2S 4.4S

7.5» 4.7S

✓ 5.5» 10.8» 8. OS 13.8S 9.4S 1.3S
.9* 1.4X 3.2S 4. OS I.IS .3S

2.2« 5.3S
3.0* 9.3S

1/ .ax 3.6» 3.8S 4.5S .9S 2.7S

t/e.ox 10.1* 8.2S 9.2S 9. OS I.IS
^2.9X 7.6» 6.8S 9.6S 4. IS 3.5S
W2.9X 5.0* 3. IS 3.5S 3.3S 1.7S
V1.7X 9.9X 4.8S 6. IS 2.2S 7.7S
lyl.iX 2.8S 4.3S 8.4S 2.8S .IS

^2. IX 8.7X 5.5S 5.6S 2.2S 6.5S
1/5.6S 9.7X 16.3S 12.2S 4.2S 5.5S
v/5.4* 16.4* 10.2S 12.4S 6.6S 9.ax
v^.OX 17.6* 12.7S 15.2S 6. OS 11.6S

1.8S 4.2S
•'7.4* 14.6* 22.5S 25.7S 8.4S 6.IS

10. OS 7.IS
1/3.9« 14.4S 8.4S 9.4S 4.4S 10. OS

8.3S
t/2.8S 15.OS 7.6S 11.OS 4. IS 10.9S
1/1.2S 6.7S 2.5S 2.8S 1.4S 5.3S
1/1.9« 6.4S 4.5S 4.9S 2.IS 4.4S

9.9* s.n 9.3S

■t. _

' UnwmlgMil^Rmmragaa

Source: Rbt Associates Inc., 1991.



PRISON COMMITMENTS FOR DRUG
TABLE 3

AND OTHER OFFENSES, 1985 and 1990

Drug Offenaea other Qffenaea Model
State 1985 1990 1985 1990 for 1990 Nmr Fffmnt

Arizona 484 1.952 3,517 6.006 827 1,125
Arkanaaa 640 2.696
California 3,609 13.741 16.895 25.502 5,448 8.293
Delaware 64 246 682 602 56 192
Florida 2.013 16.169 12.380 28.595 4,650 11,519
Georgia 976 3.529 5.946 7.049 1,157 2.372
Hawaii 57 115 426 477 64 51
Idaho 78 257 857 1.258 114 143
Illinoia 787 4,094 9,271 12.815 1.088 3.006
Indiana 505 987 5,048 5.135 514 473
Iowa 248 1.213
Kanaaa 197 681 1.686 2.159 252 429
Kentucky 103 194 974 1.207 128 66
Maaaachuaetta 359 2.050
Michigan 503 7.186
Minneaote 42 249 1.278 1,651 54 195
MiaelaaippI 640 1.127 2.656 3,179 766 361
Mlaaouri 329 1.328 4.452 7,410 548 780
Montana 32 81 253 238 30 51
Nebraaka 41 402 641 896 57 345
New Haapehire 32 118 295 547 59 59
New York 2.218 10.785 10.202 12.313 2.677 8.108
North Carolina 982 2.582 9,955 10.383 1,024 1,558
Ohio 1.240 5.000 8.760 12.409 1.757 3.243
Oklahoma 453 1.572 3.624 4.498 562 1.010
Pennaylvania 346 3.960
South Carolina 834 2.294 5.916 8.801 1.241 1.053

2.355 4.160
Texaa 2.417 9.048 15.117 19.600 3.134 5.914
Vemont 73
Virginia 351 2.755 3.442 6.892 703 2.052
Waahington 109 1.165 1.486 1,719 126 1,039
Wlaconain 188 606 2,647 3,125 222 384

Jr.

■■■............ 18,781 81.079 138.406 184.466 27.257 53.823A.'

Source: Abt Aaeoclatea Inc.. 1991.



SStmTlD TIME SERVED IN PRISON
TABLE

(YEARS) FOR
4
DRUG AND OTHER OFFENSES. 1985 and 1990

Drua lea Model Other Offenaea

uaa 1990 % Change for T990 Net Effeot 1985 1990 % Oh An n*

Arkanaaa 1.35 2.07
California ,1.60 „2.10 31.0* 1.75 .34 2.78 3.05 9.6*
Delaware » 1.80 „1.79 -.3* 2.54 -.74 2.22 3.12 41.1*
Florida wl.31 „ .57 -56.2* .65 -.08 2.32 1.16 -50.1*
Georgia .74 ✓ .67 -9.3* .70 -.03 1.84 1.74 -5.1*
Hawaii >'2.08 ✓1.29 -38.1* 2.12 -.83 3.08 3.15 2.1*
Illlnola 1.01
Iowa 1.41 2.94
Kanaaa >'1.37 ✓ 1.10 -19.6* 1.23 -.12 2.64 2.36 -10.6*
Maaaachuaetta .88 2.26
Michigan 1.64 2.35
Minneaota ✓ 1.64 ✓ 1.14 -30.6* 1.53 -.39 1.90 1.77 -6.9*
Mlaalaalppl ^,1.09 ✓>1.31 19.6* 1.10 .21 2.22 2.23 .5*
Mlaaourl ✓1.92 ✓1.38 -27.9* 1.60 -.22 2.23 1.86 -16.5*
Montana ,,1.98 ✓ 2.11 6.8* 2.61 -.50 3.86 5.10 32.0*
Nebraaka ✓3.96 ✓ 4.97 25.4* 1.66 3.32 2.72 1.14 -58.2*
Mew York w2.66 ✓>1.97 -25.9* 2.69 -.72 3.04 3.08 1.2*
North Carolina ✓1.34 W'1.12 -16.6* 1.25 -.13 1.61 1.49 -7.2*
Oklahoma ✓ .81 ✓ 1.38 69.0* .80 .57 2.32 2.29 -1.4*
Pennaylvania 1.77 3.45
South Carolina ✓'l.lO ✓1.42 29.3* 1.08 .34 1.64 1.61 -1.6*

.84 2.70
Texas ✓1.16 ✓1.02 -12.1* 1.03 -.01 2.37 2.10 -11.5*
Vermont ^ •lixL .62
Washington >>1.97 ►'1.11 -43.7* 1.68 -.58 4.40 3.76 -14 4*

OOWIaRB X- 1.38 1.30 -4.6* 1.31 -.01 2.39 2.33 -4.3*

Sourca; Abt Aasoclataa Inc.. 1991.



TABLE 5
PRISONERS INCARCERATED FOR DRUG AND OTHER OFFENSES. 1985 «nd 1990

State 1985 1990 change
Other Qffena

198S liifl

Combined 
Model 

for 1990
Net

Effect

Alabama
Alaska
California
Connecticut
Delaware
District Of Columbia
Florida
Georgia
Hawaii
Kansas
Massachusetts
Maryland
Minnesota
Mississippi
Missouri
Montana
Nebraska
New York
North Carolina
Oklahoma
jouth Carolina
South Dakota
Texas
Vermont
Washington
West Virginia

901
105

5,355
550
104

1,672
2,400

744
110
259
316
575

62
695
560

58
124

4.655
1.278

377
907

48
2,744

7
175
83

2.26
187

25,136
2.661

402
4.304

10,074
2,462

145
743

1.502
2.159

277
1.447
1.746

155
1.400

18.459
2.860
2.068
3.126

115
9.194

45
1.259

94

151.5*
78.1*

369.4*
383.8*
286.5*
157.4*
306.2*
230.9*
31.8*

186.9*
375.3*
275.5*
346.8*
108.2*
211.8*
167.2*

1029.0*
296.5*
123.8*
448.5*
244.7*
139.6*
235.1*
542.9*
619.4*
13.3*

10.040
2.019

43.769
5,148
1.534
4.798

25,830
10,771

1.203
4.279
4.624

11.906
2,377
5.758
9,332

995
1.647

29.852
15.900
8.188
9,443

921
34.576

613
6.222
1.581

13.134
2,240

71,629
6.859
1.932
5.303

32.659
12.142
1.466
4,934
6,051

13.883
2.867
6,927

13.200
1.245
1.013

36.436
15.476
10.023
13.838
1,223

39.963
955

6.218
1.471

30.8*
10.9*
63.7*
33.2*
25.9*
10.5*
26.4*
12.7*
14.3*
15.3*
30.9*
16.6*
20.6*
20.3*
41.4*
25.1*

-38.5*
22.1*
-3.2*
22.4*
46.5*
32.8*
15.6*
55.8*
-.1*

-7.0*

1.179
116

9.552
733
143

1.848
3.032

811
135
310
414
670

83
841
877

79
95

7.210
1,277

451
1,341

64
3.213

11
212
77

1.087 
71

15,584
1.928

259
2.456
7,042
1.651

10
433

1.088 
1,489

194
606
869

76
1.305

11.249
1.583
1,617
1.785

51
5.981

34
1.047

17

28.075
24.944

97.926
94.286 278.08

293.896
253.486

350.426
323.087 27.58 34.772* 59.514*

Source: Abt Aasoclataa Inc.. 1991.

* Detail may not add to- dua to rounding.
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EXECUTIVE SL’MMARY

Tliis proposal, prepared at the request ot the Office tor National Drug Control Policy, 

discusses procedures for estimating the number of "hard-core" drug users in selected cities. 

These estimates are used in conjunction with more readily available social indicators--such as 

the numbers of drug related arrests and deaths due to narcotism—to develop synthetic estimates 

(SEl of hard-core drug user in geographic areas where no direct estimates exist.

The estimates require a mathematical model. The parameters for that model would be 

estimated using multivariate statistical analysis of field surveys and institutional contact data. 

The former would be denved from probability samples (specifically, the National Household 

Suiv'ey on Drug Abuse) as well as opportunistic samples (interviewing heavy users where they 

can be found). The latter would be collected from administrative records on arrests, hospitaliza­

tions. and drug treatment admissions.
The mathematical model has derivative benefits with far reaching imphcations for drug 

policy research. It will provide an empirical profile of drug use, and drug-related arrest, 

hospitalization, and treatment. It will identify when events of each type typically occur in the 

careers of heavy users, as well as how long they last. The empirical model will provide the 

basis for a simulation of drug use and institutional contact. With this model the impact of a 

potential change in national policy could be assessed in advance of its implementation. For 

example we might attempt to determine how drug use and help-seeking behavior vary as a 

function of drug treatment availability. Analyses such as these could be instrumental in 

projecting demand for criminal justice, health, and drug treatment services.
Our plan has four phases. Dunng Phase I. we wiU develop a model of drug use and 

institutional contact activity based on extant data. That preliminary model will serve as a 

prototype for a revised model to be based on new data. We wUl also use this preliminary model 

to make estimates of the number of hard-core drug users in the United States. During Phase II. 

we will develop survey instruments and data collection procedures in collaboration with the 

relevant agencies in at least one city. These instruments and procedures will be specifically 

designed to capture the population of heavy users who are under-represented in existing surveys. 

Phases III and IV will involve a pilot project to collect data in at least one city and to establish 

a national network of repomng sites, respectively. We would expect to receive funding from



the Office of National Drug Control Policy (ONDCP) for the first and second phases. The third 

and fourth phases would require additional support from either the National Institute on Drug 

•Abuse (NIDA) or Substance Abuse and Mental Health Services Agency (SAMHSA).



INTRODUCTION

Major policy initiatives have been pursued by the Federal government in an effon to 

reduce the number of drug users in the United States. These have involved ambitious programs 

focusing on both supply and demand reduction. While these efforts are believed to have been 

effective, it is difficult to measure their success empirically due to an absence of reliable 

information on the size of the drug using population. Although large-scale surveys have 

received broad application in the area of public health research and are known to provide 

accurate prevalence and incidence measures for a wide range of behavioral phenomena, a 

consensus has formed that self-repon information collected via both in-person and telephone 

interviews consistently underestimates the number of "hard-core" drug users. This phenomenon 

is reflected at both the State and national level.'

These limitations are to be expected. Many "street addicts" are simply not reachable 

using conventional sampling methods because they don’t have telephones or permanent homes; 

thus, accessibility to this population is an issue. Further, drug use remains a highly stigmatized 

behavior, and the criminal justice sanctions associated with both possession and sale of 

controlled substances can be severe. Reticence often becomes the rule when respondents answer 

questions about drug use; thus the veracity of self-report information is suspect.

In response to these apparent weaknesses in survey methods, a number of researchers 

have attempted to use data from other sources in deriving estimates of the number of hard-core 

drug users. This has involved the application of mathematical models that are believed to be 

reasonable approximations of the processes by which people who use drugs make contact with 

various elements of the criminal justice, health, and drug treatment systems. These models are 

predicated on the belief that observed "mstitutional contacts" can tell us something about 

unobserved drug use activity. If this is indeed the case, we can avoid many of the shortcomings 

associated with the use of survey-based estimates. Local estimates could be made of the number

' Telephone surveys conducted in New York, for example, routinely produce estimates for the 
number of recent heroin users that are one-quaner the size of the State’s outpatient methadone 
maintenance population. Similarly, general population surveys conducted by the National Institute on 
Drug ,'\buse (NIDA) using in-person interviews have reported declines in drug use even as other 
indicators more attuned to changes in the size of the hard-core population of drug users held steady or 
suggested a countervailing trend.



of hard-core dru^ users, based upon a combinanon of administrative record and survev 

information. These could sene as the 'anchor points" to be used in the development of synthetic 

esnmates for various levels of geographic aggregation, including the Nation as a whole.

Two conditions must obtain for these estimates to be valid; it must be possible to model 

the behaxior under studv-hard-core drug use—with a reasonable degree of accuracv; and 

sufficient data must exist at the local level to support such estimates. We examine these 

conditions in detail in the sections that foUow.

CONVENTIONAL APPLICATIONS

Researchers have applied two general classes of techniques in the analysis of 

administrative record data for the purpose of estimating the size of the hard-core drug using 

population. These include capture-recapture and truncated Poisson models. Although some 

material has been written concerning the use of each technique (Frank et al.. 1978; Sheridan, 

Levine, and Ney, 1983; Woodward, Bonett, and Brecht. 1985; Brecht and Wickens. 1992; Hser 

etal.. 1992; Rhodes, 1993; Simeone. Nottingham, and Holland. 1993), little systematic research 

examines the underlying assumptions of these models and the extent to which they are consistent 

with the phenomena under study.

In suppon of this proposal, we completed a comprehensive evaluation of the applicability 

of capmre-recapture and truncated Poisson models to the drug use estimation problem. Our 

detailed findings are provided in Appendix I of this document. When reading this material it 

is important to bear in mind that our analysis focused upon conventional applications of capture- 

recapture and truncated Poisson models, meaning applications in which administrative records 

constitute the sole source of information used in the estimation procedure. Such information, 

which can be collected only after an individual is arrested, hospitalized, or is admitted to 

treatment, must include a unique case identifier and dates of arrival and departure.

Our assessment of administrative record-based applications is quite negative. But it is 

necessary that we review them in detail since it is this critique that provides guidance to the 

development of an alternative, and methodologically sound, strategy for adapting existing 

mathematical models to the drug use estimation problem.



For the purpose of exposition, we have limited the following discussion to an evaluation 

of administrative record based capmre-recapmre analyses, and we will take as our example the 

process by which people are admitted to and released from drug treatment. Capture-recapture 

models are often applied to the drug use estimation problem in this manner, and the material that 

will be presented in subsequent sections is largely an extension of these techmques. Our 

conclusions, however, can be generalized to other methods and to other types of institutional 

contact.

Capture-Recapture Models
Biologists originally developed capture-recapture models to estimate the size of animal 

populations. In the model’s most basic form, it is assumed that the system under study is 

closed, which is to say that no births, deaths, in-migrations, or out-migrations occur. If 

populations are relatively stable in size and we are not interested in examining population 

dynamics over time, then this assumption is generally tenable. When such techmques are 

applied to a population of animals under study, lake trout for example, individual members are 

typically netted, marked, and released during a first sample. Some time is then allowed to 

elapse so that the marked fish are able to disperse randomly within the unmarked population, 

and the representation of these marked individuals is then examined in a second netting. Thus:

N ^ M n
m

where N is the estimated size of the population. M is the number of marked members in the 

population, n is the number of individuals in the net, and m is the number of marked individuals 

in the net. Much work has been done by way of developing more sophisticated closed system 

capture-recapture models, but the essence of the technique remains unchanged (see, for example. 

Bishop, Feinberg, and HoUand. 1975; Bonett. Woodward, and Bentler, 1986). A number of 

critical assumptions are inherent in even this most simple model: that marks are indelible: that 

encounter probabilities are homogeneous; that the delay in captivity is both brief and 

inconsequential in terms of affecting subsequent encounter probabilities: and. perhaps most



significantly, that the ratio of marked to total members m the net is identical to the ratio of 

marked to total members m the non-captive population.

When applied to the problem at hand, this approach has typically involved identifying 

individuals admitted to and released from treatment during a given period of time as "marked." 

and as described above, allowing some period of time to elapse before determining the number 

of "recaptured" individuals in a second identically defined sample (Frank et al.. 1978; 

Woodward, Bonnett. and Brecht, 1985).

A number of variations on this simple theme exist which were designed to examine the 

dynamic behavior of populations over time. Jolly (1965) and Seber (1965, 1973) developed one 

of the most broadly cited of these "open-system" models. The JoUy-Seber model involves 

repeated sampling of the population at successive time intervals. During each capmre period, 

unmarked individuals are "tagged" and released, along with other previously marked individuals. 

Within this context, additional parameters are estimated for rates of birth and death and for in- 

migration and out-migration. Otherwise, the assumptions underlying this open system model 

are essentially the same as those associated with the closed system model discussed earlier. 

Although it has often been presented as a potentially useful technique, the only published 

application of this method to the problem under examination here involved the use of simulated 

data on drug use and institutional contact (Woodward. Bonnett, and Brecht, 1985; Brecht and 

Wickens, 1992).

In some ways the application of administrative record-based capture-recapture models to 

the problem of drug use estimation has great intuitive appeal, but the enterprise presents a 

number of unique challenges, which ultimately prove to be insurmountable.

The first of these is that it is difficult to form an operational definition of the population 

being estimated when capmre-recapture techniques are applied in this manner. This is due to 

a violation of the mark indelibility assumption that is inherent in both the closed and open system 

capture-recapmre models. It comes down to this; A lake trout that is captured, marked, and 

released remains a lake trout until the day it dies. An addict, on the other hand, does not remain 

in a constant state of drug use following treatment and discharge. He or she may resume use 

immediately, may stop permanently, or may resume use following some period of abstention. 

Nor do individuals remain in a constant state of drug use prior to capture, for that matter. Drug 

use is. in fact, episodic, and technically "marked" individuals have zero probability of entering



treaiment. or being recaptured, so long as they refrain from drug use. This problem cannot be 

regarded in terms of out-migration as described in the by traditional open system model, since 

individuals who are treated, released, and temporarily abstain may effectively migrate back into 

the hard-core population but not conform to the traditional understanding of an in-migrant—a new 

member of the population. Thus, individual’s migration into and out of the identity of hard-core 

user makes defining M (the number of "marked" individuals) in Equation [1] very difficult. A 

second problem has to do with the extent to which a legitimate analogy can be drawn between 

animal capmre and release and specific kinds of institutional contact. Capture-recapture models 

assume that the duration of delay in the captive state is relatively brief. Obviously some 

disjuncture occurs when we attempt to equate captivity with any form of institutional contact, 

such as drug treatment, that introduces a substantial delay into the process. Individuals must 

be admitted and released during one sample interval and admitted and released again during a 

second sample interval in order to be "marked" and "recaptured", respectively. This would not 

constitute a violation of model assumptions, were it not for the fact that people differ in their 

propensity to seek and complete treatment. This means that the most active "treatment-seekers 

wiU be over-represented in the "net" when capture-recapture methods are implemented in the 

manner described above, and any estimate of N wiU be negatively biased as a consequence.

A third problem results from a fundamental distinction that must be made between help­

seeking behavior, which is volitional, and capture, which requires only passivity on the part of 

an animal under study. This distinction has profound consequences in terms of limiting the 

applicability of record based capture-recapture methods to the task at hand. The issue here is that 

certain forms of institutional contact, such as admission to drug treatment, require purposeful 

action on the part of individuals. This means that, in the absence of the difficulties described 

above, it is only possible to estimate the size of the "treatment-prone" population—not the size 

of the drug using population in its entirety—when capture-recapture models are applied in the 

conventional way. Advocates of administrative record based capture-recapture models often 

refer to this as treatment "susceptibility". More critical reviewers have simply characterized the 

estunates as ill-defmed.
A fourth and fmal problem arises from the fact that it is impossible to examine changes 

in the size of the drug using population when capture-recapture models ate applied in this 

manner. Once again, this is particularly true when treatment admission and release data are used



in the estimation procedure. The difficulty here is that it often takes years before a drug user 

chooses to seek treatment tor his addiction, and substantial delays are also likely to exist between 

first use of a particular drug and initial contact with various components of the criminal justice 

and health care systems. Thus, models that make use only of information collected at the point 

of institutional contact are of very limited utility when examining the dynamics of drug use.

ALTERNATIVE APPLICATIONS

The preceding section identified a number of problems in the use of an administrative 

record based capture recapture model, and in this section we reformulate the capture-recapture 

model to more accurately reflect drug use behavior over time. As we shall see. it is not that 

capture-recapture models are intrinsically inconsistent with the process under study, but rather 

that they may not be applied usmg administrative records alone.

A Basic Reformulation

We return now to examme the essential characteristics of Equation [1], the closed system 

capture-recapture model. There are two basic components of the model: a quantity of M 

(marked individuals in the population), which is known, and a ratio of marked to total 

individuals in the sample, m/n. which is also known. It is not possible to estimate N from these 

terms using only administrative records for the reasons described in the preceding section. 

However, it is possible to formulate an analog to the capture-recapmre model with terms that 

can be estimated using a combination of administrative record and survey data.

For the moment, let us proceed under the assumption that we are able to estimate, using 

survey data, the ratio of the number of drug users who are active and who seek treatment during 

some period, to the total number of drug users who are active during this same period. We 

denote the population parameter for this ratio as Q and our estimate as Q. Similarly, let us 

assume that we are able to collect information, from administrative records, on the number of 

individuals who are admined during the period referenced in the survey. If we denote this 

quantity as M. then:



N =

Equation [2] is simply a representation of the closed system capture-recapture model. 

The estimated ratio of "marked" to "total" elements. Q, is derived from survey rather than from 

administrative record data. The admission data are used exclusively to provide scale. Although 

we will not elaborate on the point at this juncture, it is clear that if information on M were 

collected for a successive number of intervals, and if Q were estimated for these same intervals, 

a corresponding reformulation of the open system capmre-recapmre model would be possible. 

We note at this point that each of the four problems identified in the preceding section is solved 

when this estimation approach is adopted.
Specifically, survey data can be used to estimate the parameters of a model of drug use 

behavior. That model can tell us the percentage of users who never enter treatment, overcoming 

the problem that such users cannot be identified in treatment contact data alone. That model can 

also tell us the rate at which treated users relapse and again seek treatment, overcoming the 

problem that treated users differ from untreated ones. Furthermore, the model can tell us about 

periods of remission, overcoming the problem that treated users are inactive sometimes for 

shon, and sometimes for long, periods of time. We elaborate on this model later.

Defining the Population
Of course, this solution begs the question: what is a representative sample of hard-core 

drug users?" Our analysis now requires an operational definition for hard-core drug users, as 

well as a method for knowing something of the composition of this group.

Several alternatives exist for operationalizing this definition, but we limit our discussion 

here to two which reflect the most common tendencies in drug use research. These include the 

measurement of level of use and the measurement of dysfunction. The level of drug use is often 

characterized by recency and frequency. It is customary to create categories such as "regular 

use" and "heavy use" based on informed Judgements about what comprises especially 

problematic use. If it is drug using behavior per se that is the object of study, then this mode



of measurement is adequate. If. on the other hand, it is drug usmg behavior that is believed to 

be related to some specific pathology which is the object of study, then alternative measurement 

strategies are more appropnate. One of these involves the use of DIS (Diagnostic Interview 

Schedule) operationalizations of DSM-III-R criteria. For the present, we note only that either 

approach may be suitable given the task at hand.

The problem of "representativeness" poses more daunting challenges. .\s defined here, 

q is simply the ratio of individuals who report a given form of contact, m, to the total number 

of individuals, n (the sample). Thus:

mq = —
n

As a practical matter, q is difficult to estimate using survey data. Because probability-based 

surveys fail to reach many hard-core drug users, we must supplement probability-based samples 

with opportunistic samples. Of course, this raises a new problem. We are uncertain that 

opportunistic samples are truly representative of users whose drug use careers we want to model. 

Furthermore, we must confront the reality that many hard-core drug users will deny their use, 

and thus, that useful interviews can only be conducted with current users who are willing to 

admit them use. This means that those hard-core drug users who are temporarily abstaining must 

be excluded from the sample, and this omission introduces a host of biases. We discuss how 

we will deal with those biases in the following section.

Estimation of Q from Survey Data

In order to deal with the problems mentioned above, we introduce the concept of a drug 

use career. A drug use career comprises various types of events, each of specific duration. 

These events may include active drug use. treatment, arrest, hospitalization, and abstinence. For 

our purposes, we will speak from a sunplified model that includes only episodes of fmst "heavy" 

drug use and subsequent penods of treatment, recovery, and relapse.*

As mentioned earlier, heavy ' use of drugs can be defined in different ways. The specific definition 
need not concern us here.



A career thus begins the first time a person uses drugs at or above some operational 

threshold. Thereafter, heavy drug use runs in spells of relapse and recovery. Let the function 

U,(t) = 1 if the i'^ person uses drugs heavily at time t. Let U,(t) = 0 when he or she does not. 

•A 2raph of U,(t) would show U.(t) at zero before the initiation of a drug use career, at 1 for 

some tune after initiation, and at 1 or 0 intermittently throughout that career.

For simplicity we assume that drug treatment always precedes periods of recovery and 

that periods of relapse always precede drug treatment.^ We represent the probability of entering 

drug treatment as Tr,(t) at time t. Thus, the i'^ user initiates his drug use at time T,,^ and ends 

it temporarily at time T,f. He starts heavy drug use again at time T,2*’ and ends it temporarily 

at time T,.', and so on. Treatment occurs at times T,f, T^', and so forth. Now define U(t) as:

U{t) =

i

I
i = l

and defme Tr(t) as:

I

E E Tr,M
TrU,-t,) = 1 = 1 T=t,

I

U(t) is the probability that an individual will be using heavily at time t. and Tr(t.-t,) is 

the probability that an individual will enter treatment between time t, and t^.^ In fact, we would

' In reality, drug users frequently stop using drugs heavily without entering treatment. .Also, some 
users enter and remain in treatment without stopping the use of drugs. It is unnecessary to complicate 
the exposition with these considerations. We also note that other events (arrests, episodes of emergency 
room treatments, and so on) are pan of the drug use career. It is convenient but not essential that we 
restrict the discussion to drug abuse treatment.

We have assumed that the probability of more than one treatment admission between t, and t. is
zero.



want to model lift) and Tr(t,-t,) as mathematical representations of the career observ'ed in the 

data. -Appendix IV provides details.

If we knew Tr(t) for a representative sample of drug users, we could estimate Q:

(? =
m

Q is just the estimated probability that the average user's career would include an episode of 

treatment between time t, and t.. By assumption this is also the span of time for which we have 

a treatment admission sample. With Q and M. we can estimate N, the total number of users 

with active drug use careers. Then the total number of people who are current users (in other 

words, those not in recovery] can be estimated as:

total active users = N-U(t)

The concept of a drug use career has several advantages. Some of these will be 

discussed in some detail in a subsequent section. Here, however, we turn to the question of 

whether we can actually descnbe the characteristics of a drug use career given the data at our 

disposal.

It would be a relatively simple maner to estimate the parameters of drug use careers for 

users in an ordinary probability sample. We would begin by adopting a tentative mathematical 

model that represented the occurrence and duration of episodes of heavy drug use, treatment, 

recovery, and relapse. Findings presented by Simeone, Noningham, and Holland (1993) might 

provide guidance in this effort. We have observed, for example, that in New York State the 

time between fu^t use of heroin and first admission to treatment follows a lognormal 

distribution. Subsequent treatment admissions follow what appears to be a contagious Poisson 

process, in which the elapsed time between release and readmission diminishes as a function of 

the number of prior admission episodes. Taken together the lognormal and contagious Poisson 

distnbutions provide a model of the probability that a drug user will enter treatment during a 

given interval of time. We would next apply a statistical methodology appropriate for analyzing 

data on repeated events and might find that the convoluted lognormal-contagious Poisson model

12



did not fit the data as well as we expected. Consequently, we would explore other mathematical 

representations of the process and continue the process of "fitting" until a suitable model was 

found. However, this illustration assumes that we have a probability sample. In fact, the 

sample planned for this study can not have a probability basis. Rather, we will Interview heavy 

users where they congregate. (Appendix HI provides a discussion.) Can the sample planned 

for this smdy be applied as easily? We have to contend with two serious problems: 

over-representing the most accessible user and dealing with under-reporting.

Over-representation of the most accessible users

Our sample may over-represent one type of user and. consequently, under-represent 

another type. For example, it may be easier to find and interview older males than it is to find 

and interview younger female users. Our measure of Q, based on the drug use careers of these 

predominately older, male users, may misrepresent the careers of other users.

The first step when dealing with this problem is to Scunple users from multiple sources. 

The sample must include all types of users. Appendix HI discusses our strategy for 

accomplishing this goal. A second step requires us to slightly modify the form of Equation [2]. 

Although it is not possible to know much about the size or composition of the population of 

hard-core drug users on an a priori basis, it is possible to identify subpopulations whose 

members have relatively homogeneous probabilities of entering treatment. If sex and age 

(younger than 21 years of age versus 21 years of age and older), for example, were two relevant 

factors, then we would denote these estimated probabilities as Qj^, j,k = 1,2. For our purposes 

it is necessary only that:

and therefore, that:



where M.^ is the number of admissions occurring during a given interval for members of a 

panicular subpopulation, and N, ^ is the estimated size of the subpopulation. The total number 

of hard-core drug users is given by summing over all categories in the matrix. Thus, assuming 

that j and k are subscripts corresponding to sex and age, respectively:

;=1 *=1

It is important to note at this pomt that sex and age are being used here purely for the 

purpose of exposition and that any number of factors might be used to partition the sample. 

What is essential is that a sample be constructed that allows reasonable estimates for the 

elements of Q, ,, to be made, and thus the notion of "representativeness" pertains only to these 

elements. Once we have established a representative sample, we must contend with the accuracy 

of the self-reponed information hard-core drug users provide.

Under-reporting by drug users

A large percentage of drug users deny their use. Ideally we would surv'ey both those 

who currently use drugs heavily and those who are in recovery. We would ask them to report, 

retrospectively, sufficient information to provide an empirical profile of their careers. 

Unfortunately this approach does not work when a large percentage of users deny their current 

drug use. We also surmise that current abstainers will be harder to locate than current users, 

because abstainers may abandon drug using associates and locales. Either way, the empirical 

profile will provide a biased representation of drug use careers.
Our approach is to survey those individuals who admit to current use of drugs. This 

approach overcomes some problems while it introduces others. We can partially overcome the



problem of denial of drug use by interpreting an admission of current use as indication that a 

survey respondent will be truthful when reponing his or her retrospective drug use history. We 

will then apply a calendar technique to improve the accuracy of these responses. Appendix HI 

discusses the calendar approach.
However, this approach introduces a new problem into the analysis. By sampling only 

current users we obviously under-represent periods of abstinence. This problem is known as 

truncation. We can overcome this problem, by adjusting the statistical model to accommodate 

the truncation. Basically, the approach is to frame a mathematical model of behavior, and then 

determine how the sample statistics must be adjusted account for this truncation. We do not 

present the mathematics of that adjustment here, but we sketch an approach in Appendix IV.

Our plans dictate that we ask survey respondents to report retrospectively about the 

timmg of periods of drug use, drug treatment, arrests, and use of emergency rooms. Knowledge 

of the timing of these events is essential to developing the profile of the drug use career. In 

turn, we can estimate Q from this profile, and eventually, the number of hard-core users.

.A Simple Extension
To this point we have explained how prevalence estimates can be derived from a 

combination of survey data and institutional records. Although prevalence estimates are 

important, they may not be the most important aspect of this smdy. More important are the 

implications that knowledge of the dynamics of the drug use career has for the development and 

implementation of public pobcy.
The function U,(t) represents only one aspect of a drug use career; whether someone is 

or is not using drugs at time t. Similarly, the function Tr,(t) represents just one other aspect of 

a drug use career: whether or not a drug user enters treatment at time t. Other functions are 

requmed to fully represent the drug use career. For instance, drug users are sometimes 

employed and sometimes unemployed; they actively commit nondrug crimes at certain times and 

are law abiding at other times: they are incarcerated at some times and at liberty during other 

penods. These and other aspects of the drug use career would be included in our comprehensive 

model.
.A comprehensive model is a neat way of conceptualizing and answering some questions 

that are fundamental for drug abuse policy research. The most obvious issue is determining the



number of active heavy users at a given time. However, other questions are equally useful to 

drug control policy: How frequently do heavy drug users come into contact with the public 

health system? If emergency rooms and medical clinics are frequently visited by heavy users, 

these may be points of intervention for prevention programs. How frequently do heavy users 

come into contact with the criminal justice system? If this contact is as frequent as it appears 

to be. then prevention programs delivered through the criminal justice system may prove most 

effective. (The criminal justice response need not be punitive; programs such as TASC often 

serve as a powerful incentive for hard-core users to seek treatment.) Thus, the model describes 

the interaction between drug users and the various systems that provide social control and 

services.

Treatment effectiveness is integral to our model. Following treatment, drug use and 

criminal activity decline, and employment increases, at least for some users and for some length 

of lime. These changes have cost-benefit implications. Thus, our model provides a framework 

for evaluation of treatment effectiveness.

Our model could be used to understand the effectiveness of other supply-based 

interventions as well. How responsive are drug users to the price of drugs and alcohol? How 

responsive are drug users to the use of intensive local enforcement (street sweeps and other law 

enforcement interventions? How responsive are they to prevention programs?

Summary and Conclusion

We have developed a method that successfully modifies capture-recapture models to 

estimate changes in the hard-core drug using population. It requires survey information to 

estimate the probability that members of various drug using subpopulations will have contact 

with relevant institutions during a given interval. By using survey rather than administrative 

record data, we avoid bias resulting from the volitional nature of capture. The approach also 

has a distinct advantage over conventional applications in its ability to detect changes in the size 

of the dmg using population. Since the probability of entering into treatment is not calculated 

using administrative records, the delays that exist between incidence and institutional contact do 

not serve to preclude the exammation of dynamic behavior. Funher. the model can provide an 

invaluable framework for understanding what we do and do not know about the drug use careers 

of heavy drug users. Our method appears to provide a suitable method for satisfying the first



condition of our studv’s viability: we can model the drug use career with data that are likely 

to become available.

SY'NTHETIC ESTIMATION

The preceding sections describe a model which may be used to derive estimates of the 

size of the hard-core drug using population. We have recommended an approach based on the 

premise that we can establish local data bases which contain both survey and institutional contact 

data. We can then use these data bases to produce local estimates that will become the "anchor 

points" in a more general exercise in synthetic estimation of drug use at the national level.

Estimation Considerations
Synthetic estimation is a fairly straightforward technique which has received broad 

application, particularly in the field of mental health. It is based on the premise that if the 

relationship between relevant indicator variables and the anchor points chosen can be measured 

with a reasonable degree of accuracy, then the size of the population may be inferred in areas 

where reliable local indicators alone are available. In practice, anchor point information 

constitutes the dependent vanable in a regression equation where the independent variables are 

a set of more readilv available indicators (see Rhodes, 1993 for a detailed discussion and 

.Appendix II of this proposal for a review of recent examples). Ideally, these indicators are 

selected on the basis of some theoretical justification, although it is also possible to identify 

suitable variables largely on the basis of their predictive utility.
Let us assume, for example, that we have derived estimates of N using the reformulated 

closed system capture-recapture model that was discussed in the preceding section, and that N, 

constitutes the estimated number of hard-core drug users in each of 20 cities. If we believe that 

N, is a linear function of some independent variable, perhaps the number of emergency room 

mentions involving drugs, here denoted as x, then;

= Po ^ Pi^, ^
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where iSq is an intercept term, is a slope, or "weight" and e, indicates simply that the 

relationship between N, and is measured with error. Therefore, we may defme the total 

population of hard-core drug users in the 20 cities, here denoted as T. exclusively in terms of 

3^. 3,. and the observed values for x,. Thus:

?• = E(Po * Pa)
1 = 1

[131

where e, is assumed to be normally distributed with a mean of 0.

If we can be relatively certam that these coefficients remain constant from place to place, 

then we can also estimate the size of the hard-core drug using population in areas where no 

information on Q is available. This is so because N is defined as a function of x. By extension, 

it would be possible to estimate the number of hard core drug users in, for example, the largest 

100 cities in the United States, using only 20 capture-recapture based estimates of N and 100 

observations of x. Obviously, the accuracy of our estimates would be increased by incorporating 

additional explanatory variables into Equation [12], Suitable candidates variables might include 

the numbers of drug-related arrests, emergency room mentions of heroin and cocaine, deaths due 

to narcotism, and gonorrhea and syphilis cases.

Summary and Conclusion

The preceding sections have elaborated upon a reformulated capture-recapture model, that 

draws upon administrative records and survey information in developing local estimates of the 

size of the hard-core drug using population. In this section, we have demonstrate that these 

anchor points may be expressed as a function of various social indicators in a process of 

synthetic estimation.



DATA REQUIREMENTS

There are two sets of information requirements that must be considered at this juncture: 

those related to the construction of anchor points, and those related to the process of synthetic 

estimation. These are discussed in detail below.

.Anchor Points
Information collected through the use of a general population survey alone would lead 

to biased estimates of Q. This is in pan because some individuals cannot be reached using 

conventional survey methods (the problem of accessibility) and in part because some individuals 

who are surveyed do not admit to drug use (the problem of veracity).

It is possible to get bener estimates of Q by supplementing information collected during 

the course of a general population survey with information collected using more unconventional 

means. This would require inteiv'iewing large samples of individuals found in known "copping 

areas", of shelter inhabitants, of "couch people", and so forth. A discussion of various issues 

involved in collecting such data is provided in Appendix HI.

The maimer in which we have defmed Q, and the strategy that we describe above for 

supplementing general population survey data with information derived from other samples, 

directly address the problem of accessibility. We must now address the problem of veracity. 

Our argument here is that it would be possible to at least partially verify survey responses if 

unique case identifiers-both for interviewees and for individuals who have contact with the 

relevant institutions-were maintained in a consistent manner. Comparison of survey and 

administrative record data would allow us to identify under-reporting of drug use and 

institutional contact and to improve estimates of N accordingly.^ However, as a practical 

matter, it may be quite difficult to gain access to administrative records for this purpose. 

Treatment providers are understandably reluctant to identify their clients.

'In the best of circumstances, we can imagine establishing an integrated data base, maintained perhaps 
at the city level, that incorporates a unique case identifier which remains consistent across each 
component of the health, criminal justice, and drug treatment systems. If this were the case, we could 
simultaneouslv assess the accuracy of information provided by respondents as well as the reliability of 
our estimates of N. We note at this point that while a data base of this kind would be very desirable. 
It IS not essential to completion of the proposed work.



.Aji alternative, and perhaps more realistic, method for dealing with the problem of 

veracity may be to interview only individuals who admit to current drug use. We reason that 

a person who is willing to be candid concerning his or her current use of an Illicit substance is 

likely to be honest regarding other elements of his or her drug use career. This solution 

introduces a problem: this model under-represents periods of abstinence. Fortunately, we can 

correct for this bias using a mathematical model described in Appendix IV,

Synthetic Elstimation

Synthetic estimation can be seen as a problem in regression analysis. The dependent 

variable is the estimate of the number of heavy drug users in sites for which survey and ad­

ministrative data make estunation possible using the techniques already discussed in this 

proposal. The independent variables are indicators of drug use activity. These might include 

emergency room mentions of drug use. medical examiner reports, arrests for drug possession 

crimes, and so on. The regressions would be estimated using data from sites for which the 

dependent variable is known. The regression would then be used to predict the prevalence of 

drug use in sites where only the independent variables are known.

The accuracy of these predictions depends on several factors, not all of which are known 

at this time. If the relationship between the dependent and independent variables is very strong, 

then accurate predictions could be derived from a regression that is calibrated from just a few 

observations. For example, if the ratio of heavy cocaine users to emergency room mentions is 

consistently between 15 and 17. then predictions based on Just a few anchor points would be 

adequate. If. in contrast, the ratio was between 10 and 30. we might require many more anchor 

points to be confident in predictions based on emergency room mentions of cocaine use.

The problem with having a large number of anchor points is that the cost of developing 

estimates increases roughly linearly with the number of anchor points. Having more than, say, 

10 or 20 anchor points may be prohibitively expensive.

This observation suggests that while we may continue to think of our data collection 

efforts as being conducted in selected cities, we should derive the estimates for any given city 

from data collected at a lower geographic level-the neighborhood, or known heavy drug use 

areas. This would substantially increase the number of anchor points available for analysis.



This approach only requires that location information be collected for survey respondents and 

that indicator data be available at this same level geographic location.

.A.S a practical matter, it is possible to collect information on social indicators at the zip 

code, or even the census tract, level in some cases. There are some idiosyncracies of reporting 

here that would have to be dealt with, and it is possible that they would vary to some extent 

from city to city. However, we can probably expect that drug related arrest data would be 

maintamed only at the police precuict level and that health indicators might be subject to 

aggregation only at the city health planning district area. The drug users themselves may pose 

a more difficult problem. Since many hard-core users are transient, it may be difficult to 

associate them with a given residence or even location, at least so far as self-report address 

information is concerned. Suffice it to say that during the process of interviewing, some more 

novel method may have to be employed in order to derive proxies for geographic area data 

where necessary. These are issues that must be examined within the context of developing a 

detailed implementation plan. Phase II of our proposal.

Summary and Conclusion
The preceding discussion reviews some of the basic information requirements associated 

with the construction of anchor points and the process of synthetic estimation, respectively. Our 

analysis leads us to conclude that the data requirements associated with adopting the proposed 

model are entirely reasonable, satisfying the second condition of our study’s viability: we are 

able to collect sufficient data at the local level to support our study.

PHASES OF THE STUDY

The material presented thus far has provided a basic theoretical model for estimating the 

size of the hard-core drug using population in selected areas of the country and has identified 

the general data requirements associated with using this model in a process of synthetic 

estimation. In implementing this study, we envision four developmental phases.



Phase I

During the project’s first phase. Abt staff members will use extant data to develop the 

mathematical model that will be used for funher estimation. We think that preliminary 

parameter estimates can be derived from the National Aids Demonstration Research Project 

(NADR) and the National Household Surv'ey on Drug Abuse. We have extensive experience 

with both sources. Other sources (such as the Drug Abuse Forecasting Project) might provide 

some confirmation.
During this phase of the project we would also develop some preliminary estimates of 

the size of the heavy user population. Two surveys — DSRS and NDATUS -- could then be 

used to derive some estimates of the number of users who were in treatment in at a given time. 

(We also have extensive experience with these two data files.) Then, using the modified 

capture-recapture methodology outlined in this proposal, we could develop national estimates of 

the number of heavy drug users.

We would not have great faith in the resulting estimates. The NADR date were not 

collected with this exercise in mind, and they are hardly well designed for the contemplated 

analysis. The DSRS and NDATUS. similarly, have serious deficiencies when applied to this 

task. Nevertheless, using these and possibly other data files will be extremely instructive as we 

refine a methodology for estimating the parameters of the drug use career.

Preliminary estimation would also allow us to test the sensitivity of our mathematical 

model to the assumptions that underlie its derivation. Using this model we would develop a 

simulated system of drug use. treatment, arrests, and health care. We would simulate results 

under different model configurations to determine the model’s sensitivity to assumptions made.

This simulation exercise would serve another purpose. It is difficult in the abstract to 

determine what information should be collected from users during interviews. Preliminary work 

on the simulation model should provide important insight into what we absolutely have to know 

(and thus, subject areas that should get the most attention in our interviews), and areas that are 

less crucial. Thus, this work should help guide the development of a survey instrument.



Phase n
Simultaneous with Phase I. we will produce a detailed blueprint for implementing a 

demonstration project in a specific site, perhaps Boston or New York City. This blueprint 

would focus principally upon issues related to data requirements, as described in the preceding 

section, and would result in the design of survey instruments, as well as the specification of data 

collection procedures. We also expect to field test the instruments during this phase. In 

addition, we would explore the feasibility of using a unique case identifier in this research and 

the extent to which the health, cnmmal justice, and drug treatment agencies in various cities are 

receptive to this approach. Our plan would thus be shaped, to some extent, by a number of 

concerns related to feasibility. As part of this process, we would establish appropriate 

agreements with organizations in one city to participate in the demonstration.

Phases HI and FV
In the third phase of the project we would implement and evaluate a demonstration 

project; in the fourth phase, we would establish a national network of sites for collecting 

institutional contact information as well as survey data for members of hard to reach 

populations. These efforts would be coordinated with existing federally supported survey 

activities. Because the third and fourth phases of the project are likely to be multi-year 

initiatives, we believe that it would be appropriate to attempt to secure funding from NIDA or 

SAMHSA for them after successfully completing Phases I and n.

Personnel
Dr. Ronald Slmeone wiU manage this task. In this capacity he will be responsible for 

project administration and for the estimation of drug use prevalence. Dr. William Rhodes wUl 

collaborate with Dr. Simeone on all phases of the project and will be responsible for developing 

mathematical models of drug use careers. Dr. Dana Hunt will also collaborate with Drs. 

Simeone and Rhodes and wiU have responsibility for designing and supeivising all data coUection 

activities.
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APPENDIX I

AN EVALUATION OF ADMISSION-BASED CAPTURE-RECAPTURE 
AND TRUNCATED POISSON MODELS



CO>rVENTION AL .APPLICATIONS OF EXISTING MODELS

Two general classes of techniques have been used to analyze treatment admission data 

to estunate the size of the hard-core drug using population: capture-recapture and truncated 

Poisson models. .Although some documentation of the use of each technique exists (Frank et al., 

1978: Shendan. Levine, and Ney. 1983; Woodward. Bonett, and Brecht. 1985; Brecht and 

Wickens. 1992; Hser et al.. 1992; Rhodes. 1993; Simeone, Nottingham, and HoUand, 1993), 

little systematic research has been conducted that examines the underlying assumptions of these 

models and the extent to which these assumptions are consistent with the phenomena studied.

In this appendix, we review several variations of capture-recapture and truncated Poisson 

models and discuss their potential for application to the estimation of hard-core drug use. Dr. 

Simeone has conducted preliminary research using these techmques in a computer model that 

simulated individual drug,using and help seeking behaviors.’ We used the results of this study 

to inform the conclusions and proposals that follow, and while we may present them in a 

deductive fashion, in fact, many insights are the product of mampulation and experimentation.

When reading this,section, it is important to bear in mind that our analysis focuses upon 

the evaluation of conventional applications of capture-recapture and truncated Poisson models. 

By conventional, we mean that admission data constitute the sole source of information used in 

the estimation procedure. This information, which can be collected only after an individual 

presents for treatment, typically includes dates of arrival and departure and dates of first use for 

various substances. Our assessment of such admission-based applications is quite negative, but 

it is important that we review them in detail since it is this critique that provides guidance in the 

development of an alternative, and methodologically sound, strategy for adapting capture- 

recapture and truncated Poisson models to the drug use estimation problem.

‘ See Simeone, Nottingham, and Holland (1993). The authors developed a FORTRAN based 
individual level simulation routine, which is essentially an operationalization of the system depicted in 
Figure 1. The program accommodates the use of variable parameters for rates of entering drug treatment 
and durations of stay in drug treatment, and generates individual records showing the timing of various 
events. It is thus possible to derive estimates of the number of drug users within this simulated system 
bv applying various capture-recapture and truncated Poisson models to the data base which is produced. 
The authors delay functions used a gamma distribution generator developed by Phillips (1971) and 
provided m Shaiuion (1975).
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Capture-Recapture Models

Capture-recapture models were developed in the biological sciences for the purpose of 

estimatmg the size of animal populations. In their most basic form, an assumption is made that 

the system under study is closed, which is to say that no binhs. deaths, in-migrations, or out­

migrations occur. If populations are relatively stable in size and we are uninterested in 

e.xamining population dynamics over tune, then this assumption is generally tenable. When such 

techniques are applied to a population of animals under study, lake trout in this example, 

individual members are typically netted, marked, and released during a first sampling. Some 

time is then allowed to elapse so that the marked fish are able to disperse randomly within the 

unmarked population, and the representation of these marked individuals is then examined in a 

second netting. Thus:

n
m

where N is the estimated size of the population, M is the number of marked members in the 

population, n is the number of individuals in the net, and m is the number of marked individuals 

in the net. Much work has been done by way of developing more sophisticated closed system 

capture-recapture models, but the essence of the technique remains unchanged (see for example 

Bishop, Feinberg, and Holland. 1975; Bonen. Woodward, and Bender. 1986). A number of 

critical assumptions are inherent in even this most simple model; that marks are indelible; that 

encounter probabilities are homogeneous; that the delay in captivity is both brief and 

inconsequential in terms of affecting subsequent encounter probabilities; and perhaps most 

significantly, that the ratio of marked to unmarked members in the net is identical to the ratio 

of marked to unmarked members m the non-captive population.

As Woodward, Bonnett, and Brecht (1985) have observ'ed, the consequences of violating 

these assumptions have been well examined (Carothers. 1973; Gilben, 1973) and are known to 

include negative bias in the case of population heterogeneity. Within this context, variability 

in encounter probability can be accommodated by homogeneous grouping but only to the extent 

that such variability is not attributable to capmre per se.
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When applied to the problem at hand, this approach normally involves identifying 

individuals admitted to and released from treatment during a given period of time as "marked," 

and as described above, allowing some period of time to elapse before determining the number 

of "recaptured" individuals in a second identically defmed sample (Frank et al., 1978: 

Woodward. Bonnett. and Brecht. 1985).
A number of variations on this simple theme exist which are intended specifically for the 

purpose of examining the dynamic behavior of populations over time. One of the most broadly 

cited of these open system models is that developed by Jolly (1965) and Seber (1965, 1973).

The Jolly-Seber model involves repeated sampling of the population at successive time 

intervals. During each capture period, unmarked individuals are "tagged" and released, along 

with other previously marked individuals. Within this context. N is calculated as in equation 

[1], but subscripted to reflect a sampling dimension, such that:

N, = M,

and:

A/.. = + m

where z, is the number of individuals that are marked and released before sample i and are not 

recapmred in sample i but which are recaptured in a subsequent sample and where r; is the 

number of marked members released from sample i that are subsequently recapmred. Two 

additional parameters define death (or out-migration) and birth (or in-migration) rates:
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4, = 1 w

- n)

and;

P -

The assumptions underlying this open system model are essentially the same as those 

associated with the closed system model discussed earlier. A thorough treatment of this material 

is provided by Jolly (1965), and additional information on the estimators in equations [2] through 

[5] has been provided by Seber (1965). There appear to be no published accounts describing 

the application of this method to the problem under examination here, although it has been 

presented as a potentially useful technique (Woodward, Bonnett, and Brecht, 1985: Brecht and 

Wickens, 1992).-

In some ways the application of admission based capmre-recapture models to the problem 

of drug use estimation has great intuitive appeal. But the enteiprise presents a number of unique 

challenges.

The first of these is that it is difficult to form an operational definition of the population 

being estimated when capture-recapture techniques are applied in this manner. This is due to 

a violation of the mark indelibility assumption that is inherent in both the closed and open system 

capture-recapture models. It comes down to this: A lake trout that is captured, marked, and 

released, remains a lake trout until the day it dies. An addict, on the other hand, does not 

remain in a constant state of drug use following treatment and discharge. He or she may resume 

use immediately, may stop permanently, or may resume use following some period of 

abstention. Nor do individuals remain in a constant state of drug use prior to capture, for that

'The Jolly-Seber model was examined within the context described in the preceding note using a 
routine provided in Davies (1971).



matter. Drue use is. in fact, episodic, and technically members have no probability of entering 

treatment, or being recaptured, so long as they refrain from drug use. This problem cannot be 

reearded in terms of death, or out-migration, as described within the context of the open system 

model, since individuals who are treated, released, and temporarily abstain may be effectively 

reborn, or reenter the system, in a "ready-marked" state should they resume use. Thus, if 

admission based capture-recapture analyses are to be applied to this estimation problem, the 

phenomenon oPdrug-using behavior must be conceptualized in a manner consistent with the 

underlying assumptions of the model.
Another basic problem denves from the extent to which a legitimate analogy can be 

drawn between animal capture and release and treatment admission and discharge. There are 

a number of underlying assumptions associated with the capture-recapture model that must be 

considered at this point. One is that the duration of delay in the captive state is relatively brief: 

in fact, the madel assumes that the process of capture, marking, and release is virtually 

instantaneous. Obviously some disjuncture occurs when we attempt to equate captivity with 

treatment, although adminedly a substantial number of individuals remain in care for 

comparatively bahef penods of time. Another is that captivity is essentially a random event, but 

there is a fundamental distinction that must be made between help seeking behavior, which is 

volitional, and capture, which requires only passivity on the part of an animal under study. As 

we shall see. this distinction has profound consequences in terms of limiting the applicability of 

admission basedicapture-recapture methods to the task at hand.

For the purpose of exposition, we will examine a system of drug using behavior and 

treatment activity where drug using behavior is defmed in a manner as consistent as possible 

with these assumptions. Within this context we will then explore specific problems associated 

with the use of admission based capture-recapture models.
In keeping with the capture-recapture metaphor, we present a "two pond' model of drug 

use and treatment activity in Figure 1. To address the first operationalization problem described 

above, we propose the use of an "epoch" construct. An epoch is assumed to begin with an 

individual's first use of a given drug and to end with the last. As such, it subsumes periods of 

heavy drug use. relatively infrequent use. and temporary abstinence. In essence, it establishes 

the temporal boundaries of a drug using career. All individuals in the "drug users pond are 

defined as having active drug using career. Since the size of the treatment population is known.



it is the size of the population in the "drug users" pond that is the object of study. This 

conceptual device provides some level of dimensional integrity in terms of allowmg us to 

understand precisely what population it is that we will attempt to estimate. It obviates directly 

the problems associated with the episodic nature of drug use and with the fact that individuals 

may lose their marks simply because they have stopped using drugs but may reemerge as marked 

when they resume use.

We note at this point that an alternative conceptualization is possible where individuals 

in the "drug users" pond are defined as in a state of drug use. This system would treat cessation 

of drug use as death, if permanent, and out-migration, if temporary. This scheme would also 

entail allowing in-migration of marked members in cases where such individuals resume use 

following a period of temporary cessation. Since describing this system is somewhat more 

difficult and since the conciusions that can be drawn in terms of identifying the problems that 

arise when admission based capture-recapture models are applied using either operationalization 

are identical, we speak from the more simple epochal system presented in Figure 1.

Figure 1

‘■DRUG USERS" ’TREATMENT"

•Rl-Df



Figure 1 depicts a process wherein cohons of individuals move through various states 

with known rates of transition and durations of delay. For simplicity, we will assume that the 

sizes of cohorts and all rates of movement and durations of delay are constant over time. Within 

this context, a group of individuals. Nl. become initiates to drug use and enter the "drug users" 

pond. Of these. NlRl. a proponion bounded by 0 and 1, evenmally seek treatment. These 

individuals experience a delay, subsuming periods of drug use as well as abstinence, which we 

define as Dl, prior to entering treatment. Other individuals. Nl(l-Rl) within this context, 

refrain from seeking treatment for the entire duration of their epochs. These individuals remain 

in the "drug users" pond for a duration we define as D2. Individuals who eventually seek 

treatment following initiation of drug use remain in care for some period, depicted in Figure 1 

as D3. and are then released as N2. Some of these, defined here as N2(l-R2), resume and 

eventually conclude their epochs without ever again seeking treatment. Such individuals remain 

in the "drug users" pond for a distnbution of time defined here as D4, which is assumed to have 

a lower limit of 0. This acknowledges the possibility of a permanent cessation of drug use 

following treatment. Others. N2R2 in this case, evenmally reenter treatment following a 

duration of D5.
If we imagine cohorts of individuals moving through the system described in Figure 1 

in this maimer, again making the simplifying assumption that ail rates and delays remain constant 

over time and are not contingent upon the characteristics of prior states, we can envision the 

system "pumping up" so that population equilibria are evenmally reached for the various groups 

defined in the "drug users" pond as well as in the "treatment" pond. We symbolically depict 

these equilibria for the remamder of this section simply as the number of individuals in an 

incidence (Nl), or release (N2) cohort, times a corresponding rate and delay. Following this 

definition NIRIDI, for example, is the steady-state population level for the number of never- 

served individuals in the population in an epochal stams who will evenmally present for 

treatment. The question now becomes whether a net can be cast in some maimer that allows us 

to mark and release members so as to infer the number of individuals in the "dmg users" pond. 

A number of problems become unmediately apparent.
The first of these is that when capmre-recapmre models are applied in this manner, 

nothing may be known about individuals who initiate and conclude dmg use epochs without ever 

having sought treatment. In fact, using the notation developed above. Nl, Rl. and R2 all



remain unknown. This is visually apparent in Figure 1. and the condition obtains regardless of 

how or where we place our net. Thus, admission based capture-recapture models do not make 

use of any information that would allow the size of N1(1-R1)D2 or N2n-R2)D4 to be inferred. 

This observation highlights a basic and fundamental problem in the application of admission 

based capture-recapture models to the task of drug use estimation. When a sample of fish are 

captured, marked, and released at time 1. and another sample are captured and examined at time 

2, then the ratio of marked to unmarked individuals in this second sample may be assumed to 

be representative of that which exists in the general population, subject to the condition of 

random dispersion. This is the essence of the methodology, which is lost when the entities 

under study must, deliberately and with premeditation, seek out the net.

While this observation suggests that admission based capture-recapture models are not 

appropriate for estimating the size of the total drug using population, the possibility remains that 

they may be of use in estunating the size of the treatment-bound population, more specifically, 

NIRIDI and N2R2D5. This is feasible since, at equilibrium, the number of never-served 

individuals entering treatment during a given period may be taken as the per interval input to 

Dl. and the number of previously served individuals is similarly the per interval input to D5. 

We denote these quantities henceforth as nl and n2, respectively.

Within this more limited realm of possibility, another problem becomes apparent which 

seems generally to mitigate the applicability of admission-based open system capture-recapture 

models to the problem at hand. This derives specifically from delays that exist in the system. 

Open system models were developed in the biological sciences for studying population dynamics, 

including changes in the sizes of populations as well as changes in birth, death, and migration 

rates over time. With the introduction of Dl and D5, this capability disappears. This is due 

to the fact that variation in NlRl and N2R2 can be observed only following delays of Dl and 

D5. respectively. Further, changes in the ratio of marked to unmarked members in the net may 

be due to variation in Dl and D5 per se, and not to variation in NlRl and N2R2. This problem 

results directly from the distinction discussed above between volitional help seeking and 

captivity, which is unrelated to volition. The condition persists regardless of net location and 

the actual mechanism of marking and recapmre that is employed. We thus discontinue the 

consideration of admission based open system capmre-recapture models, as a class.



Limiting our focus now to the capability of an admission based closed system model in 

estimating the size of a treatment seeking population, we consider the issue of net location. Two 

methods of netting are presented in Figure 1. The first of these, depicted as (a), is a 

representation of the technique applied by both Frank et al. (1978) and Woodward. Bonnet, and 

Brecht (1985). It essentially involves treating all individuals admined and released during a 

certain period of time, usually six months, as marked, and then examining the representation of 

such individuals in a second cohort, defined in an identical manner but admitted and released 

during a subsequent period of time, normally following a lapse of six months. This approach 

to net operationalization has a number of interesting consequences, not the least of which is the 

fact that given the delay in treatment (D3) and the delay for marked members who will 

eventually return (D5). only individuals with extremely short stays in each status will be 

represented in the net. To the extent that such individuals are more likely to seek treatment 

repeatedly than those who have longer stays, the ratio of marked to unmarked members will be 

inflated, and any population estimates will be negatively biased as a consequence.

Another basic problem here is that when capture and recapture are defmed in this 

manner, a compromise must always be struck between the duration of time that separates release 

and recapture and the diminution of marked elements in the population that may be assumed to 

occur during this period due to the permanent cessation of drug use. The fact of the matter is 

that the system is not closed, and ultimately some assumptions about R2 and D5 must be made 

when estimates are derived in this manner. Frank et al. (1978) recognized this and made use 

of an arbitrary .33 "inactivation" factor in their analysis.
An alternative approach, which appears in the zoological literature but has not been 

applied to the drug use estimation problem to date, involves a procedure referred to as injection. 

An admission based application of this process is represented in Figure 1 by nets (b) and (c). 

Here, a cohort of individuals is marked and released at net (b), and collected over time in net 

(c). The technique, if applied in this maimer, would eliminate the problems posed by D3, and 

could be used to provide direct estimates of R2 and D5. But it would require a relatively long 

follow-up period before the dynamics of the recovery process could be sufficiently understood 

so as to allow the scope of the population in the "drug users" pond to be estimated.

Examining now the feasibility of admission based injection marking and recovery for the 

purpose of estimatmg the size of a treatment seeking population, we offer a fmal observation



which should probably be viewed, given the preceding discussion, as a coup de grace. .As noted 

in the introduction to this section, a fundamental premise of all capture-recapture models is that 

the ratio of marked to unmarked elements in the net is representative of the numbers of marked 

and unmarked individuals in the population. As a practical matter, this can only be true if the 

distribution of delay between initiation of use and admission to treatment (Dl) is identical to the 

distnbution of delay between release and readmission (D5) for marked individuals who return 

to the net.

To demonstrate this point let us consider a simplified case where 10 individuals per 

month initiate use and eventually enter treatment following a delay of exactly 10 months and 

where five individuals are released each month and return following a duration also of exactly 

10 months. The corresponding equilibria, or steady-state levels, for these populations would be 

100 and 50. respectively, and the ratio of unmarked to marked members in the "drug users" 

pend would be 2:1. Individuals would be represented in net (c) in exactly this same proportion, 

which is determined solely by nl and n2. If the delay for marked individuals had been five 

months rather than 10 months, however, then the corresponding population levels would be 100 

and 25. a ratio of 4:1. and this would be at substantial variance with the 2:1 ratio that would 

ultimately appear in net (c). In fact, this differential between Dl and D5 is real and verifiable. 

Based on an analysis of data derived from admissions to methadone maintenance programs in 

New York State during calendar year 1989. Simeone. Nottingham, and Holland (1993) repon 

findings indicating that the Dl distnbution is lognormal with a mean of 103.3 months, and that 

the D5 distribution is negative exponential with a mean of 17.5 months.

Truncated Poisson Models

The Poisson distribution has a long and venerable history in the field of statistics. It has 

been used generally to describe a process wherein elements of a panicular population may 

experience some discrete event, such as having an auto accident, buying a particular article of 

clothing, or as in this case, seeking treatment for drug addiction. The probability of such an 

event is usually denoted as a. and. in the simplest case, the model assumes that once an event 

occurs the probability of a second event remains a. The number of events experienced by an 

entity during a given observation interval is characterized in terms of state changes.



When viewed within the context of the problem at hand, applying the Poisson model 

involves examining treatment admission tnformation for individuals over a given sample interval, 

say one year. During the year some individuals will have only one treatment episode, others 

will have two. and so forth. As noted above, transition among these states is governed by a and 

is assumed to be unidirectional.
When the inter.’al of measurement is normalized as 1, as is usually the case, the form 

of the Poisson distnbution. where p, is the proportion of individuals in a given state, is simply:

Pi =
i!

In actuality, the number of people who use drugs during an observation interval and who 

do not present for treatment is unknown. But if an assumption is made that drug use and 

treatment follows a Poisson process, then admission information may be treated as limited, or, 

to be more specific, left truncated, and the size of the zero state can be estimated using a variety 

of techniques. Ttes is the approach adopted by Sheridan, Levine, and Ney (1983), in which they 

developed a truncated form for the Poisson distribution—simply equation [6] divided by p, for 

the zero state.
Like the admission based capture-recapture models reviewed in the preceding section, the 

admission based truncated Poisson model has a certain intuitive appeal. It is predicated on the 

simple assumption that observed admission activity may be regarded as a truncated sample of 

eventual admission activity for individuals at risk during the study interval. As such, the 

Poisson model is intended to provide a prevalence estimate relative to this period.

A number of problems arise, however, when we more closely examine the application 

of an admission based Poisson model to the task at hand. Since the techniques share the same 

mathematical underpinnings, it is not surprising that many of these are similar to the concerns 

raised in the preceding section on admission based capture-recapmre analyses, and the "two 

pond” model presented there will continue to serve as a reference for our discussion.

The first issue is in some ways reminiscent of the problem of mark indelibility that we 

discussed earlier, although here we are concerned not with whether entities maintain their marks
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but more specifically with the extent to which they remain at risk throughout the duration of an 

epoch of drug use. As noted above, epochs are defined in a manner which includes all time 

spent in the "drug users' and the "treatment" ponds. Even within this limited domain they 

subsume penods of heavy use. relatively infrequent use, and temporary abstinence. The issue 

that must be examined within this context is whether it is appropriate to apply the Poisson model 

to a phenomenon with an underlying dynamic that is believed to effect changes in a over the 

course of time and. more specifically, during the course of an observation interval.

.As a practical matter, a varies over the course of the observation interval for ail 

applications of the Poisson process that we have examined. This condition obtains when we 

consider both physical and social phenomena; two references described by Coleman (1964) 

support this point. In the first well-known application of the Poisson process. Bortkewitsch 

examined the number of deaths due to horse kicks for ten corps in the Prussian Army over a 

period of 20 years, aggregating the data within one-year observation intervals. It is commonly 

believed that the assumptions underlying the Poisson process were not violated in this 

application, and yet it is clear that a was zero when the hones were left unattended each 

evening. A similar application mvolved bomb hits in small (0.25 square kilometer) areas of 

London during World War II (see Feller, 1957). The model was found to be applicable here^^^ 

as well, yet a was clearly zero when German planes were grounded by heavy weather.

Constancy of a is thus a matter of degree, or more accurately, a function of the level of 

resolution with which it is exammed, just as the smoothest surface will exhibit crevices when 

viewed with an electron microscope. The task at hand in our case involves determining whether 

the probability of seeking treatment is relatively constant when viewed within the narrow context 

of an observation interval. Generally, we can safely assume that this probability is constant if 

the observation interval allows us to capture a representative sample of the periodicity of drug 

use. There is unfortunately little empirical data that can be brought to bear in this regard, but 

extant ethnographic studies suggest that the assumptions of the Poisson process are not 

necessarily violated by applying the model in this manner.

A second, and related, issue involves the presumed insensitivity of a to the actual occur­

rence of an event, in this case, treatment. As noted above, a basic assumption of the simple 

Poisson model is that every transition between states is governed by a. and that the process 

contmues to be governed by a following the occurrence of an event. Within the present context.



D1 and D5 may be interpreted as delay distributions associated with state changes resulting from 

a Poisson distributed arrival process/ Thus, the vanability that is known to exist between D1 

and D5 suggests that a is in fact sensitive to treatment. In fact, additional analyses conducted 

by Simeone. Nonmgham. and Holland (1993) suggest that amval may be governed by two 

distinct processes, one for first admissions and another for ail subsequent admissions. In 

addition, findings reponed by researchers working at the New York State Division of Substance 

•Abuse Services suggest that following the first admission the rate of transition from one state 

to the next accelerates as a function ol the number of prior admission events. This constitutes 

a basic violation of the simple Poisson process, but it is a phenomenon which can be 

accommodated through the use of what Coleman (1964) describes as a contagious Poisson 

model.
The contagious Poisson model is identical to the Polya distribution (see Feller, 1943) and 

is based upon the assumption that state changes affect subsequent probabilities of transition. The 

appbcation of the contagious Poisson model would thus be appropriate if we believed that the 

probability of a drug user seeking treatment during an observation interval is a linear function 

of the number of preceding admission events occurring before the observation interval. In fact, 

this process seems to be consistent with the available information on the dynamics of admission 

behavior. It is a big step for an individual to acknowledge that he or she has a drug problem 

and needs professional care, but having come to this realization once, the process of seeking help 

becomes easier in the event that relapse occurs following discharge.
The contagious Poisson model incorporates a second parameter. /3 to reflect the 

vanability in transition probability associated with prior state changes. The proportion of 

individuals in state p, is given by:

Pi =
a(a - P) ... (a + [i - 1] P)e'“'(l - e

’Poisson arrival processes involving exponential delays are among the most smdied queuing models 
in operations research (see Moder and Elmaghraby, 1978).



Its truncated form is simply equation [7] divided by for the zero state/

As presented above, an admission based model, appropriately constructed so as to include 

two distinct arrival processes, one simple and the other contagious, could conceivably provide 

a viable mechanism for estimatmg the size of an treatment seeking population during a given 

period of time. But to the extent that information is collected at admission (at net (c), referring 

again to Figure 1), a series of delays has been introduced into the admission-readmission 

process. Epochs are thus puncmated by episodes of treatment, and this has two consequences, 

one of which is fatal.

The first effect of treatment episodes on our estimate is that time in treatment is 

variable and zero-sum with respect to time at risk during the sample interval. As a practical 

matter it may be possible to accommodate this problem in the same manner as was described 

in the main text for dealing with population heterogeneity. This would involve a reformulation 

of the model to allow for variable time at risk during the observation interval or. equivalently, 

the derivation of estimates of a and /3 for members of each of several time-at-risk subpopulat­

ions.

The second effect of treatment episodes on our estimate is that the introduction of ele­

ments of D3, time in treatment, into the sample interval effectively serves to confound 

information on D1 and D5 with information on D3. This means that to legitimately infer the 

size of the zero state in a marmer which excludes people in treatment, we must adopt a data 

coding convention in which an event only "counts" when both admission and release occur 

during the sample interval. Ultimately, this produces not only truncation of the zero state but 

also right censoring of individuals who are admitted during the year but never released. Because 

time in treatment is often substantially longer than the observation interval, this censoring would 

be extensive. This fact, in and of itself, precludes application of admission based truncated 

Poisson models to the task at hand.^

* Simeone. Nottingham, and Holland (1993) actually applied this model during the course of their 
research, and information on the derivation of maximum likelihood estimates for a and 0 as well as E-M 
based convergence routines are available from the authors.

^e preceding two sections have discussed issues in the application of admission based capture- 
recapture and truncated Poisson models to the drug use estimation problem. For the most pan. these 
difficulties arise because we are anempting to apply existing techniques using only information collected 
at admission to. and release from, treatment. The question thus becomes whether the heuristic devise



presented in Figure 1 allows us to formulate an admission based model of any kind that is. from the 
outset, consistent with the process of drug use and help seeking behavior depicted there. The answer is 
a qualified yes. since the estimation of the parameters of such a model is likely to be problematic, given 
the nature of data that are currently available.

If we again consider the most elementary situation, one in which the system depicted in Figure 1 is at 
equilibrium, and thus where all rates of input and durations of delay are constant over time, then the size 
of the treatment susceptible population is by definition nlDl +n2D5. using the notation developed above. 
More generally, however, and translating to conventional notation:

nlDl - n2D5 = + n2j;(l-p2J
1=1 1=1

where pi, and p2, correspond to discrete delay distributions, expressed as proportions of individuals in 
a given cohort who are admitted to treatment at each of n (or m) possible intervals, and where pl,^ and 
p2^., are the respective cumulative propomons.

In the real world, of course, the situation is not this simple. All of the material presented thus far has 
focused upon estimating the parameters of a system at equilibrium. This approach, while useful in 
facilitating discussion, involves significant oversimplification. When the system depicted in Figure 1 is 
placed within a real historical context, we find that the existence of the 'drug users' pond temporally 
precedes the existence of the 'treatment" pond, at least so far as the ’treatment " pond is operationally 
defined based upon the existence of a data base on client admissions. This means, reverting to our 
original notation, that each D1 distribution associated with an NlRl incidence cohort is in some unknown 
way attenuated solely as a function of the creation of the "treatment" pond.

Even if this were not the case, it is possible that the duration of delay between first use and first 
admission would change in a cohort-specific manner which is not captured here. In fact, given the 
multiplicity of exogenous factors that are likely to affect help seeking behavior, there is no particular 
reason to believe that this is not the case. Information available on D5, but not presented here, suggests 
that variation exists in this distribution of delay as well. Joint variation in cohort size and corresponding 
delay distributions would have profound effects on estimates of NIRIDI and N2R2D5. These 
observations argue against the use of equation [8] as a means of estimating the size of the treatment 
susceptible population. It remains, at a minimum, a useful mechanism for examining the size of the 
treatment bound population under varying sets of assumptions regarding plausible rates of admission and 
durations of delay.

A more realistic model, one that would be quite isomorphic with the process under study, would 
involve locating the system in time, and subscripting equation [8] in a manner which provides a unique 
D1 distribution for each NlRl cohort and, similarly, a unique D5 distribution for each N2R2 cohon. 
This involves formulating two equations;

PI, = PI,,+NlJilrnl:

and;

P2=P2,,+N2fi2,-n2, [10]

where PI, and P2, are populations of treatment bound new admissions and readmissions, respectively, at 
the end of period t. Thus:



Summary and Conclusion

The preceding sections have examined the application of admission based capture- 

recapture and truncated Poisson models to the drug use estimation problem. Our conclusion is 

that when the collection of information on admission and discharge occurs as a result of the 

process of admission and discharge, it is not possible to develop unbiased estimates for the 

parameters of either the capture-recapture or truncated Poisson models. Thus we recommend 

that alternative methods of estimating these parameters be developed.

t-i

nl^ - '£[Nl^pip-j')-Dl^(t-j~l))] [11]
/ = !

and;

t-i

n2, = Y, [N2jR2jiD5^(t-j-)-D5p-j-m 
;=i

[12]

where t is the month of admission, j indicates intervals relative to t. and all delays are cumulative 
distribution functions evaluated at t-j or t-j-1, as appropriate.

In fact, were we to calculate this and provide an additional equation for the size of the in-care 
population, here denoted as P3„ such that:

P3,^P3,_,+nl/i2,-N2, [13]

then we would have all the components of a basic model that could serve as a mechanism for demand 
estimation under various sets of assumptions. Unfortunately, equations [9] through [13] leave us with 
a mathematical formulation which corresponds reasonably well with the process under study but which 
requires information not likely to be available, even over relatively limited ranges of time. We should 
emphasize at this point that any estimates derived in this manner would be conditional to an unknown 
degree upon treatment capacity per se, and that this would be true of any estimation technique which 
made use of admission data in this manner.
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SV'NTHETIC ESTIMATION: SELECTED EXAMPLES

In this appendix we summarize tour recent applications of the synthetic estimation (SE) 

technique used to denve estimates of cocame and heroin use. In doing so we illustrate that SE 

often relies on other techniques to obtam anchor points. Other reviews of SE applications are 

provided by Cooley and Liner (1990) and Spencer (1989). .A selected bibliography is provided 

here that identifies both resource and reference material relevant to the development of SE 

models.

Rhodes (forthcoming)

In a study for the National Institute of Justice and the Office of National Drug Control 

Policy. Rhodes used cities that reponed to the Drug Abuse Reporting System to estimate weekly 

cocaine and heroin use among users who are involved with the criminal justice system. Because 

many users are not involved with the criminal Justice system. Rhodes complemented his 

estimates with other sources, including the National Household Survey on Drug .Abuse and the 

High School Senior Surv'ey. Thus, he derived anchor points for DUE cities.

He then used synthetic estunation techniques to derive estimates for non-DUF cities. For 

this purpose, he relied prmcipally on arrests for drug-law violations and emergency room 

mentions for cocaine and heroin. He concluded that there were roughly 2 million weekly users 

of cocaine, and about one-third that number of weekly users of heroin, during the laner part of 

the decade.

Hamill and Cooley (1990)

The authors developed national estimates of the number of heroin users and of the 

number of heroin addicts based on an assumption that the number of heroin users is proportional 

to the number of emergency room (ER) mentions of heroin as a reason for seeking emergency 

medical treatment. ER mentions came from a probability sample of Drug Abuse Warning 

Network (DAWN) reporting facilities. The anchor points were modifications of prevalence 

estimates reported by Newmeyer (1988) for San Francisco and by Frank et al. (1978) for New 

York City. Hamill and Cooley estimated between 640.000 and 1.065.000 heroin addicts for



1987. the last year for which they provided estimates. If the ratio of ER mentions to heroin 

addicts held for 1990. during which there were 33.884 mentions of heroin, there must have been 

roughly 681.000 heroin addicts dunng 1990.

Wish (1990)
The author used synthetic estimation to place a lower limit on the number of weekly 

cocaine users. For data. Wish used the percentage of arrestees who tested positive for cocaine 

in the 20 cilies that reported to the Drag Use Forecasting (DUF) program. Assuming that this 

percentage ^ould apply in the other 41 large cities that had populations above 250.000, he 

multiplied lihe percentage of arrestees who tested positive in the DUF cities by the total number 

of arrestees'in the 61 largest cities to derive an estimate of the total number of arrestees who 

would have-tested positive for cocaine had all arrestees in the large cities been tested. This 

estimate wts multiplied by 0.75 to account for multiple arrests (assuming an average of 1.33 

arrests per arrestee); further, ail those who tested positive were assumed to be weekly users of 

cocaine. Thus. Wish estimated 1.0 to 1.3 million weekly cocaine users were arrested in the 61 

largest cities in the United States.
Although Wish’s estimate is sensitive to his assumptions and to the accuracy of the DUF 

data, his estimate led many observers to the conclusion that weekly cocaine users must be far 

in excess of the 0.6 to 1.2 million estimated for the entire U.S. population based on the National 

Household Survey on Drug .Abuse. Wish demonstrated that estimates do not have to be perfect 

to be useful.

The Senate Judiciary Committee
The Committee estimated the number of weekly cocaine users in 1988 (U.S. Senate, 

1990a) and 1989 (U.S. Senate. 1990b). The Committee estimated weekly cocaine use among 

individuals entering treatment, among the homeless, among arrestees, and among the household 

population. The Comminee s estimates were derived by adding the number of heavy users in 

these four groups and subtracting the estimated overlap.
Heavy users in treatment were estimated to be the number of people admitted to publicly 

funded treatment centers for whom cocaine was the primary or secondary drug of abuse. These 

estimates were adjusted to account for multiple treatment admissions for the same person during



the reference year and to account for the prevalence of heavy use among this group (95 percent 

were assumed to be weekly users). No adjustments were made to account for admissions to 

private treatment facilities because data were lacking.

Drug use among the homeless was estimated by multiplying estimates of the number of 

people who were homeless by estimates of the percentage of homeless people who use cocaine 

weekly. The Comminee reported that both estimates were highly Judgmental but that few of the 

Nation s weekly cocame users could be considered homeless regardless of the assumptions made 

about the homeless.

Extending Wish’s analysis (discussed earlier), the Comminee estimated the number of 

weekly cocaine users among the arrested population in large cities by multiplying the percentage 

testing positive for cocaine in the DUE sites by the number of arrests in the Nation’s largest 61 

cities. Then the Comminee used conservative assumptions about the percentage of arrestees who 

would have tested positive at other locations--small cities, suburbs, and rural areas--to derive an 

estimate of the total number of arrestees who would have tested positive across the country. The 

Comminee assumed that 80 percent (rather than Wish’s 100 percent) of those who tested positive 

were weekly users. After making assumptions about the overlap among these three groups and 

between these groups and a residual core of heavy users who report to the NHSDA, the 

Comminee concluded there were an estimated 2.2 million heavy users in 1988 and 2.4 million 

m 1989.

Summary and Conclusion

Ail of these SE approaches share a common method. First, ail assume a linear 

relationship between an indicator variable and the number of drug users. In the studies by 

Hamill and Cooley and by Wish only a single relationship was used to derive estimates. (For 

HamiU and Cooley, the indicator variable was ER mentions for heroin; for Wish, it was arrests.) 

In the studies by the Senate Judiciary Committee multiple relationships were estimated and 

combined to produce estimates. Second, all studies used anchor points that were derived using 

a vanety of techniques. The validity of these measures is subject to question. Third, none of 

the studies used probability theory to derive confidence intervals, but each study attempted to 

identify factors that influenced the accuracy of the reported results.



The proposed analysis plan descnbed in the Data Requirements section of this proposal 

allows these charactenstic limitations of SE methodology, as it has been applied in the area of 

drug use estimation, to be addressed. This is accomplished by developing accurate local 

estimates usmg the reformulated capture-recapture model and by effectively creating large 

numbers of anchor points based on relatively small geographic areas. This will allow the 

relationships between indicators and anchor points to be modeled with a substantially higher level 

of precision and the accuracy of the estimates to be improved to a corresponding degree.
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FIELD SLAVEY TECHNIQUES FOR "STREET" POPLXATIONS

As was briefly discussed in the body of this paper, the most active users of illegal 

substances are not likely to appear in traditional survey sources for several reasons. They are 

often homeless or in transient living situations which by definition place them outside the 

definitional boundaries of the NHSDA. They are also often involved in crime and are 

incarcerated for some periods of time. Finally, they are involved in an illegal activity, drug use. 

and are not always forthcommg about their participation in this activity when surveyed.

Traditionally, many drug researchers have looked to drug treatment populations to 

describe hard-core drug users, and. in fact, a large number of hard-core users rotate in and out 

of treatment at some point in their drug use careers. The rate of this movement could be 

determined through a detailed examination of treatment records. However, as data from the 

recent NADR projects have shown, a surprising number of hard-core drug users never enter 

treatment. Almost 40 percent of this population (50,000 hard-core drug users sampled by the 

NADR project) had never been in treatment before and were not currently in treatment.

What is a "hard-core" user? A definition of hard-core drug use can be derived from a 

framework of absolute frequency of use. for example, any use beyond a certain frequency or 

amount is likely to be problematic and thus defined as "hard-core," or from one of dysfunction, 

for example. DSM-HI-R criteria, self-admission of difficulty or treatment seeking behavior. We 

are choosing a frequency/amount of use definition for several reasons. First, administration of 

the DIS to a large sample of users in order to make the DSM-HI-R diagnosis of dysfunction 

related to substance abuse is unrealistic. Second, admission of dysfunction either through 

treatment seeking behavior or self-admission is not a reliable measure of serious drug abuse. 

Many serious users do not admit difficulties until they have bottomed out or are ready for 

treatment even though difficulties are present, so that self-realization of difficulty is more a 

measure of treatment readiness that a description of status. Finally, the frequency with which 

someone uses a drug is an important policy variable. Put simply, high frequency users consume 

more drugs and represent the driving force behind the drug market. They are also more Ukely 

to be involved in crime to support larger drug purchases and to need treatment services at some 

point in time than a casual or infrequent user.



Therefore, the questions for this exercise are where can hard-core users be located, how 

do we find them, and what data can they provide that will help us develop the parameters for 

the complete model? In the sections which follow we will discuss some approaches to these 

questions.

Where are hard-core drug users located, and how can we find them?

The total population of heavy users will contain persons at varying stages in what is often 

termed a "career" in drug use. This career corresponds to both different ages of users as well 

as different stages of drug use: initiation, addiction, recovery, relapse, etc. For some users, the 

career is relatively brief; for others it lasts a lifetime. A sampling strategy needs to reflect 

persons at all points in their drug use career, with the possible exception of early stage use. or 

initiation. Unless the policy questions are confined only to drugs like heroin or cocaine, it also 

must be designed to sample from different types or populations of users and at different stages 

in their careers.

Institutional contacts are the easiest and least costly first sources. Treatment providers 

are an obvious source, one which was discussed earlier in the paper. However, heavy users may 

not access treatment. They do, however, use other public services through which they can be 

sampled. For example, heavy users often experience medical difficulties associated with drug 

use and. because of limited funds, use community health centers and emergency rooms for both 

emergency and nonemergency medical care. Developing a sample of drug users from urban 

emergency rooms is a logical first step and has been used successfully in other research (Shader 

et al., 1982).

In addition, community health centers can be important sources of sampling. In our 

research for NIDA designing and evaluating an demonstration project designed to reach pregnant 

substance abusers in Boston and Los Angeles indicated that a large number of women would not 

seek prenatal care through a regular hospital facility until delivery but did utilize neighborhood 

or community based care facilities. Similarly, clinics which specialize in health services related 

to drug use would merit special consideration for inclusion in the sample. These sites include 

clinics which provide testing and treatment for sexually transmitted diseases including testing for 

HIV infection, family planmng services, and pediatric treatment.



Finally, programs which serve the homeless or indigent are also likely candidates for this 

sample; Women. Infants and Children (WIC) programs, shelters, public welfare agencies, 

programs for runaways, and crisis hotlines.
Because of the ranee of persons using these various institutions, the most commonly used 

illicit drugs (heroin, cocame. sedatives, and hallucinogens) and all intermediate and late stages 

of use should be represented through this sampling strategy. For example, limiting sampling 

to emergency rooms might produce an over-representation of drugs which produce overdose or 

poisoning effects and/or users in late stages of heavy use who are experiencing difficulties. By 

adding in community health services as well as other public service programs, a better 

distribution of users and career stages will result.

Even canvassing these sources, we would miss some hard-core users. Users who did not 

avail themselves of public services (because they can afford private health care services or 

because they do not receive health care) would be under-represented. These are also the persons 

most likely to be under-represented in survey data sources. To include this group in the sample 

strategy, we will seek data from noninstitutional contacts.
The noninstitutional or "street-based" sample is unique. It is likely to be composed of the 

most acute drug users. Relying solely on this sample would bias the characterization of the total 

pool of active users in this direction, as it is likely to suffer from a narrow set of characteristics. 

However, used in conjunction with the institutional contacts suggested above, it should provide 

an exhaustive sample of active users.
Researchers in the field have long recognized the need to seek out hard-core drug users 

in noninstitutional settings, and drug users have been studied extensively using ethnographic field 

techniques (Preble and Casey, 1969; Hughes et al., 1971; Waldorf, 1977; Hanson et al., 1985 

Adler. 1985). Since most users buy their own supply of drugs and distribution of that supply 

is generally concentrated in particular user "hangouts." This technique can include simple 

census interviewing of all persons in an area, snowball sampling networks of users (Biemacki 

and Waldorf. 1981), setting up storefront research operations, and recruiting users for research 

through outreach workers and even advertising.
These field techniques have been a mainstay of the drug research field for decades (see 

Hunt. 1989 or Atkins and Beschner. 1980 for a discussion of ethnographic techniques used to 

examine drug using and criminal behavior). The term "ethnography" refers to an analysis of



behaviors using the definitions or the world-view of the persons under study. It uses methods 

of intensive field observation and inteiA'iews to gather data in the natural setting of those 

behaviors from a nonrandomly selected, or purposive or snowball, sample. Ethnography is 

panicularly useful in preliminary research into new phenomena or when the appropriate 

measures are unknown and the individuals or groups to be studied and/or their behaviors are 

hidden. The techniques are not appropriate for drawing causal inferences but are most useful 

in e.xamining patterns of behavior.

VVhat data are needed for development of the model, and how can we obtain them?

Data collected in interviews in the field are self-report and heir to all of the problems 

inherent in measurement of criminal careers from self-report data. Since official records are 

also prey to a host of reliability and validity issues in this area, and since they are not available 

for those not accessing treatment, we are left with the task of increasing the accuracy of the 

measurements gained through self-report. This can be accomplished in several ways. First, it 

is critical to decrease the threat to the respondent through establishing rapport, through ensuring 

anonymous and confidential interviewing, and through employing only trusted workers 

indigenous to the culture under study to locate and interview subjects. Second, problems of 

recall can be diminished through the use of a "memory strucmre" such as the timeline or 

calendar interview format discussed below. Third, internal consistency of responses can be 

checked through the overlay of period responses (for example, comparing times at liberty with 

crime commission). In addition, we will ask respondents to submit to drug testing to test the 

reliability of their responses about recent dmg use.

One way to improve the accuracy of self-report information on dmg use and other illegal 

activities is by employing a central feamre of many ethnographic smdies-the life history or life 

events interview. This interview reviews with the user their dmg use and often criminal activity 

starting with the beginning of their dmg use careers.

The interview in a timeline format was pioneered in the work of Nurco and colleagues 

who used it to improve recall of extended time periods by narcotics users (Nurco. Shaefer and 

Hanlon. 1985). The work of McGlothlin and colleagues (McGlothlin. Anglin and Wilson, 1977) 

which used retrospective data collection techniques to recall events in extended time periods 

between interviews, has been expanded by Anglin and colleagues into the Dmg Abuse Research



Center's Event History Interview, an intensive interview used to recall such things as crimes 

committed, drug use. periods of incarceration, and periods in treatment.

In these format, tune units (months or multiple month periods) are displayed for each 

respondent on a grid. The interviewer, using standardized questions, or probes, locates major 

life events on the grid to orient the subject to specific time periods. He or she then asks the 

respondent to recall an activity (such as treatment) for each time unit. This techmque has also 

been used successfully to increase recall accuracy in other interview settings (Freedman et al., 

1988).
Using the timeline instrument, we are able to gather information from the sample of users 

not captured in treatment populations to determine their probability of "capmre” into that 

population and hence an estimate of the total number of active drug users. The kinds of data 

needed in this effort—duration and intensity of periods of drug use (by drug), abstinence, and 

treatment—are famdiar to expenenced drug researchers and both commonly and successfully 

asked of hard-core users in field studies. Because of the informal setting (unlike the settings 

respondents to the NHSDA—who are interviewed in their homes—or respondents to DUF—who 

are interviewed in'a compromised situation, in a lockup or booking facility) and the guarantee 

of confidentiality, data collected in this manner are likely to be more reflective of the actual 

behaviors of hard-to-reach hard-core drug users. The extremely heavy drug use reported 

throughout the NADR projects in such interview settings is testimony to the effectiveness of this 

technique. It is important to bear in mind that while some relatively generous margin of error 

is expected in interviews based on problems of recall or fear of disclosure or exaggeration, 

absolute precision in the dates provided is not necessary for the data to be useful. Since we are 

collecting career data on a number of types of hard-core drug users (crack users, heroin users, 

etc.) in this method, we are able to use those data in conjunction with treatment data to 

determine the size of subsets of the hard-core user population.
The data needed to complete the model are fairly straightforward. 'We need to 

understand the patterns of admission and readmission to treatment by types of drug users over 

their drug use careers. We are also interested in the overlap between other institutional 

populations (for example, drug users in prison) and the overlap between our samples. We can 

obtain this information through simply asking respondents in each sample about such issues as 

their utilization of services, incarceration, hospitalization, and living arrangements over a



specified time penod. Finally, since we may fmd entry rates different for different types of 

users, we would also ask questions about patterns of drug and alcohol use and basic demographic 

information.
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MATHEMATICAL MODELS FOR ESTIMATING DRUG USE CAREERS



MATHEMATICAL MODELS FOR ESTIMATING DRUG USE CAREERS

Our sample is composed of people who admit to current drug use. We asserted in the 

text that this sample is sufficient to derive the parameters of the drug use career. In this 

appendix, we support that assertion.
As before we assume that the i* user initiates drug use at time T,,^ and ends it 

temporarily at time T,/. He or she starts heavy drug use again at time T^i^ and ends it 

temporarily at time T;,', and so on. Treatment occurs at times T,,', T^,', etc. Hereafter, we drop 

the subscript i. We also defme T” as the time when the interview is conducted.

A mathematical model is necessary to estimate the parameters of interest. We start with 

a simple model. The first episode of drug use extends from the initiation of drug use to the first 

treatment episode. We assume this spell has an exponential distribution with parameter X. We 

assume also that any subsequent periods of heavy drug use have a duration that follows an 

exponential distribution with parameter X. One of our goals is to estimate X.

We assume that the time from treatment to relapse has an exponential distribution with 

parameter 7 and that the parameter 7 is constant across the population. We are also interested 

in estimating 7.
We can estimate these parameters since the observable events have well-defmed 

probability structures. First, the probability that a randomly selected user has never been in 

treatment is:

P[never treated, currently using]= e

Second, the probability that a randomly selected user has been in treatment once and has 

relapsed is:

P[treated once, currently using]= [1-e J’^

Of course, the probability that a randomly selected user has been in treatment once and has not 

relapsed by time T° is:



P[rreated once, not currently laying] = l-e

Such an occurrence is unobser\'ed because the sample is limited to current users.

We could write similar expressions for users who have been in treatment twice, in 

treatment three times, and so on. The point is that we have defmed a probability structure for 

observable outcomes. Using maximum likelihood methods, we can estimate the parameters of 

interest to us. namely X and 7. Using these parameters we can estimate Q, as used in formula 

[6].

This simple model can also be elaborated;

• Adopting the exponential distribution is unnecessary. We can substitute other 

assumptions (such as assuming the time untU the first treatment episode is 

distributed as lognormal).

• X and 7 do not have to be constant across spells; their values could depend on 

past realizations of the process.

• X and 7 can be assumed to vary with characteristics of subpopulations of drug 

users. For example, we might write X = where X is a row vector of 

exogenous variables (gender, when drug use career began, and so on) and 13 is 

a column vector of parameters.

• We could introduce unmeasured heterogeneity into the model, for example, by 

rewriting X = e'^'^"', where £ has a known distribution.

• We could introduce other events into the model. For instance, periods of time 

in jail and prison are likely for heavy drug users.

We could introduce these elaborations into formula [1]. The essential point is that we can 

estimate all the parameters of interest from a sample of admined heavy users.
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