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Estimating the World
Trade Center Tower
Population on September
11, 2001: A Capture–
Recapture Approach

Joe Murphy, MA

I applied the capture–recapture

method to estimate the World Trade

Center tower population at the time

of the September 11, 2001, terrorist

attacks. Available lists helped identify

8965 survivors and 2152 confirmed

casualties. The capture–recapture

model suggested that an additional

4435 survivors were present, putting

the total count of all present at 15552

(95% confidence interval=15216,

15897). An accurate estimate repre-

sents the potential number at risk

for trauma as a result of direct expo-

sure to the events of the day. (Am J

Public Health. 2009;99:65–67. doi:

10.2105/AJPH.2007.124768)

On September 11, 2001, 2 airplanes crashed
into the World Trade Center towers in New
York City as part of a terrorist attack. In addi-
tion to the loss of life, survivors were ex-
posed to hazardous dust and debris from the
collapse of the buildings, and many people
endured psychological trauma.1–4 No one has
definitively determined the number of persons
present in the 2 towers at 8:46 AM on that day
when the first airplane crashed into the North
Tower, and no one may ever be able to do so.
Several estimates have been made previously,5–7

but none made use of capture–recapture
methods, which are useful in estimating popula-
tion size when enumeration by more-direct
methods is not feasible.8–10

My objective was to apply the capture–
recapture method to 3 list sources of individ-
uals determined to be present inside the World
Trade Center towers on September 11 to esti-
mate the number present when the first airplane
struck. This number represents a population at
risk for long-term health effects as a result of
direct exposure to the events of the day.

METHODS

The World Trade Center Health Registry
(WTCHR) is a database used for following up
with individuals exposed to the disaster of
September 11 to evaluate the short- and long-
term physical and mental health effects. Ex-
posed groups, including rescue and recovery
workers, residents, students and school staff,
building occupants, and passersby, were lo-
cated and interviewed. Potentially eligible in-
dividuals were identified through a multitude
of list sources and could also register through
the project Web site or toll-free telephone
number. In all, 71437 interviews were com-
pleted, including 8965 with individuals present
in the World Trade Center towers at 8:46 AM

on September 11.
Those present in the towers—a group with

high potential for physical and psychological
trauma as a result of exposure to the events
of the day—were identified from 3 different
list sources for the WTCHR. The first list
included 3622 individuals who volunteered
by Web site or telephone to complete the
WTCHR survey (the self-identified list), and
were confirmed to be present in the buildings
on September 11. The second list included data
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supplied by businesses (the business list), with
office space in the World Trade Center towers
identifying employees who were present on the
morning of September 11. Interviews con-
ducted with 1282 individuals from this list
confirmed that they were present in the build-
ings on September 11. The third list, obtained
from the Port Authority of New York and
New Jersey (the Port Authority list), included
individuals with security access to the towers as
of September 11; from this list, 5247 were
confirmed to have been present. I identified
individuals included on multiple lists by com-
paring names, addresses, telephone numbers,
dates of birth, and social security numbers with
an algorithm developed by Choicemaker
Technologies (New York, NY).11

Capture–recapture methods that used log-
linear modeling estimated the number of

individuals not on any list. The log-linear ap-
proach models the logarithm of the expected
value of each observed list source. Seven samples
were observed: z100, z010, z001, z110, z101, z011, and
z111, where, for instance, z011 is the number of in-
dividuals in samples 2 and 3 but not in sample1.
The missing sample, z000, refers to those not on
any list. The most general log-linear model for
the 3-sample case is as follows:

ð1Þ log EðzijkÞ ¼ u þ u1I ði ¼ 1Þ
þ u2I ðj ¼ 1Þ þ u3I ðk ¼ 1Þ
þ u12I ði ¼ j ¼ 1Þ
þ u13I ði ¼ k ¼ 1Þ
þ u23I ðj ¼ k ¼ 1Þ
þ u123I ði ¼ j ¼ k ¼ 1Þ;

where log E(zijk)= logarithm of the expected
value of each observable category, and I(A) is
an indicator function for event A.8

Models were fit with R version 2.6.0 (avail-
able at http://www.r-project.org.index.html).
which uses the generalized linear model (glm)
function to provide population estimates and fit
statistics.12 The models were run with all com-
binations of interactions between the list sources
except for the 3-list interaction term, which was
assumed to be 0 (u123=0).8 The model with the
smallest Akaike’s information criterion was se-
lected as best.13,14 The estimated number of
people not on any list was added to the number
on any list and the casualty count to obtain the
overall population estimates for the World Trade
Center towers at 8:46 AM on September 11.

RESULTS

A total of 8965 persons identified for the
WTCHR indicated being in one of the towers
on the morning of September 11. Among this
group, 3622 volunteered for the interview via
Web site or telephone (the self-identified list),
5247 were included on the Port Authority list,
and 1282 were included on the business list.
Table 1 presents the number included in each
combination of lists, and the results of the
capture–recapture model are shown in Table
2. The model with SI·BL and BL·PA inter-
actions had the lowest Akaike’s information
criterion and was selected as best. Adding the
2152 occupant casualties15 to the 8965 in-
cluded on a list source and the 4435 estimated
individuals not included on any of the list sources
resulted in an estimate of the World Trade
Center tower population on the morning of
September 11 of 15552 (95% confidence inter-
val [CI]=15216, 15897).

DISCUSSION

Debate exists concerning the applicability of
capture–recapture to epidemiology; indeed,
capture–recapture estimates should be inter-
preted with great caution.16 Although these
methods are not directly comparable to those
used in previous studies to measure the World
Trade Center tower population on September11,
capture–recapture provided results similar to
those from previous analyses. For instance, the
Port Authority of New York and New Jersey
(A. Reiss, Port Authority of New York and New
Jersey, written communication, March 2005)
counted 14417 card accesses to the towers on

TABLE 1—World Trade Center Health Registry Tower Occupants on September 11, 2001, by

List Source

List No. (%)

1 source 6295 (70.2)

Self-identified individuals list (SI) only 1702 (19.0)

Businesses list (BL) only 270 (3.0)

Port Authority list (PA) only 4323 (48.2)

2 sources 2496 (27.8)

SI and BL 88 (1.0)

SI and PA 1658 (18.5)

BL and PA 750 (8.4)

3 sources (SI, BL, and PA) 174 (1.9)

Total 8965 (100.0)

TABLE 2—Capture–Recapture Model Estimates of the World Trade Center Tower Population

on September 11, 2001

Model

Akaike’s Information

Criterion, No.

Estimate of Survivors,

No. (95% CI)

Estimate of Survivors

and Casualties, No.

Independent (no interactions) 324.5 12 646 (12 417, 12 914) 14 798

SI · BL interaction 273.5 12 412 (12 167, 12 655) 14 564

SI · PA interaction 220.0 11 010 (10 743, 11 315) 13 162

BL · PA interaction 103.1 13 699 (13 350, 14 049) 15 851

SI · BL, SI · PA interactions 98.8 10 517 (10 301, 10 763) 12 669

SI · BL, BL · PA interactions 75.1 13 400 (13 064, 13 745) 15 552

SI · PA, BL · PA interactions 104.6 14 161 (13 066, 15 642) 16 313

Note. CI = confidence interval; SI = self-identified list source; BL = business list source; PA = Port Authority list source.
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Tuesday, May 8, 2001, between 12:00 AM and
8:47 AM, the closest date to September 11 for
which data were available. USA Today matched
floor plans, architectural drawings, and photo-
graphs to the accounts of many survivors and
estimated that between 12000 and 16000
people were in the towers at the time of the first
crash.5 The National Institute of Standards and
Technology contacted a stratified random sam-
ple of individuals from a list of persons with
building access as of September11and estimated
that 17400 (95% CI=16260, 18620) were
present.6

The 3 necessary assumptions of the capture–
recapture methodology are perfect matching,
independence of lists, and homogeneity.9 Per-
fect matching assumes that individuals on dif-
ferent lists can be matched without error. Despite
considerable effort devoted to proper matching
in this study, some true matches or nonmatches
may have been missed. Independence of lists
assumes that the probability of an individual
appearing on 1 list does not depend on inclusion
on another list. List dependence is controlled for
when 3 or more lists are used and interactions
between are included in the model, as was done
in this study. Homogeneity assumes that the
probability of inclusion on a list does not vary
among individuals. Possible heterogeneity in the
capture probabilities was explored with the
Rcapture plot descriptive function,12 which sug-
gested that heterogeneity was not a problem for
this analysis. However, individuals may have
varied in their capture probabilities in an un-
measured way.

Although the capture–recapture method
has limitations and may not provide a defin-
itive estimate of the World Trade Center
tower population on September 11, this study
confirmed that it was a useful method in
this context that provided estimates similar
to those obtained in other studies. j
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