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The Southeast Michigan Council of Governments (SEM-
COG), like any other agency involved in general and trans-
portation planning, makes extensive, continuous use of
decennial census data products. Standard products meet most
of SEMCOG's data needs. !7hen they do not, special tabula-
tions have been purchased from the Census Bureau. In con-
nection with SEMCOG's latest forecast, special tabulations of
1980 and 1990 census data were obtained, each including a

tabulation ofhousing units and households by traffrc analysis
zone (TAZ) of residence and a tabulation of workersby TAZ
of work. The worker data included a cross-tabulation by in-
dustrial class and occupational class. In response to puzzling
industrial class mixes at the TAZ level found earlier in the
Census Transportation Planning Package (CTPP), the special

tabulations separated geocoded workers from allocated
workers. (The Census Bureau uses worker allocation to as-

sign tract and block numbers to workers whose workplace
addresses cannot be geocoded to tract and block.) Subsequent
mapping of geocoded workers by TAZ evidenced high qual-
ity, but allocated workers showed questionable distributions.
SEMCOG decided to develop its own reallocation method
that accepted Census Bureau county assignment, geocoded or
allocated, and place geocoding. The method was applied to
workers needing allocation, using as a base the workers
geocoded to tract and block by detailed industrial class and
occupational class. A comparison of TAZ employment by de-
tailed industrial class demonstrates that workers reallocated
by SEMCOG replicate the Census Bureau geocoded pâttern
much better than do workers allocated by the Census Bureau.

A new, comprehensive allocation method is proposed for the
2000 census. The new method would combine features of the
current Census Bureau allocation and SEMCOG reallocation
methods, and add the demarcation of commuting origin and
destination areas.

Flrh. overall purpose of this paper is to discuss

I worker allocation, the method used by the Census
I Bureau to assign tract and block numbers to

workers whose workpiace addresses cannot be geocoded
to tract and block, and to present the reallocation
method developed by the Southeast Michigan Council
of Governments (SEMCOG) to deal with locational
inaccuracies found in the allocated census numbers.

D¡cprrlrrrer Cnxsus Pnooucrs eNp
SEMCOG's Drrr Nrnos

SEMCOG, like any other agency involved in general and
transportation planning, makes extensive, continuous
use of decennial census products. These include printed
reports, summary tape files (STFs), other computer files,
maps, and various other products. Decennial census
data are indispensable. Without such data, many plan-
ning applications that are now commonplace would
become impossible.

There is no other data source with the combination
of data dimensions provided by the decennial census: a
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wide variety of data items about population and hous-
ing, spatially organized in a system of geographic areas

that range from the nation as a whole down to indi-
vidual city blocks, occurring as a data time series
represented by the name "decennial."

Standard decennial census products meet most of
SEMCOG's needs for demographic data, and meet them
very well. However, in preparing data inputs for a re-
cently completed Regional Development Forecast (RDF),

two areas were encountered in which the standard prod-
ucts were inadequate: data availability and data quality.

Regarding availability certain data combinâtions were
needed that had not been produced by small-area
geography corresponding to traffrc analysis zones
(TAZs). For example, such data were needed as input to
SEMCOG's demographic forecasting process in order to
group the households in each TAZinto income quartiles,

each quartile subdivided into portions with children and
portions without children.In addition, for the input re-
quired by SEMCOG's method of assigning land use

classes to decennial census small-area employment data,
cross-tabulations of worker data and industrial class by
occupational class and by TAZ of work were needed.

In the past, SEMCOG had overcome such problems
ol data availability by using one of the cost-reimbursable
"special services" provided by the Census Bureau, that
is, a special tabulation of data collected in the decennial
census. Because of the interest in data from both the
1,980 and 1990 censuses, SEMCOG needed two tabula-
tions for each year, one of housing unit and household
characteristics by place of residence, the other of worker
characteristics by place of work.

Questions of data quality related to place-of-work
data in the Census Transportation Planning Package
(CTPP). SEMCOG's TAZs had been demarcated wher-
ever possible to isolate individual major facilities and
establishments, including large shopping centers, hospi-
tals, colleges and universities, major government build-
ings, corporation headquarters, and large industrial
plants. It was anticipated that most, if not all, of the
CTPP's place-of-work employment counts for such
TAZs would be either of a single industrial class (for ex-
ample, transportation, communications, and utilities in
the TAZ that contained only the telephone company's
headquarters office building) or of a characteristic com-
bination of related industrial classes (e.g., a shopping
centerTAZ that would have mostly retail trade employ-
ment, but also small numbers of workers in such in-
dustrial classes as services, and finance, insurance, and
real estate).

However, many such TAZs were found in which, al-
though the expected industrial class made up the ma-
jority of workers, there was a substantial minority of
workers in a variety of other industrial classes. These

unexpected workers were a puzzle that could not be

solved using only the CTPP data. In addition, it could
not be'determined to what extent the industrial class

mix of workers given in the CTPP represented the ac-

tual situation or reflected geocoding errors or short-
comings in the allocation procedure for nongeocodable
workers.

Thrótrgh discussions with the Census Bureau staff, it
was çreed that a special tabulation of workers' char-
acteristics by place of work could be structured in a

manner that would sepârate geocoded workers from
allocated workers. Ulfimatel¡ agreement was reached
that the Census Bureau would produce special tabula-
tions of 1980 and 1990 census data, one by place of
work and one by place of residence.

RsRnocATroN: METHoD AND Rnsurrs

Census Worker Special Tabulation

SEMCOG'S L990 census worker special tabulation is
like the CTPP in that it

o ]ù7as derived from the same "parent file" as the
CTPP-the Sample Edited Detail File,

¡ Includes the key employment-related variables of
the CTPR

¡ Includes household characteristics, and
¡ Includes TAZ of work.

However, the special tabulation is different in that it

o Is more detailed (e.g.,75 industrial classes and
40 occupational classes compared with 18 and 1'4,

respectivel¡ in the CTPP), and
o Includes flags indicating whether or not the

workers were geocoded to tract as well as to place.

Necessity of Allocation

In 1,990 the Census Bureau geocoded workers to trâct
and block provided that the workplace addresses re-
ported were sufficiently complete and that either the
Topologically Integrated Geographic Encoding and Ref-
erencing (TIGER) File could identify the address or the
Workplace File included the specific worksite. In 1980
the procedure for the Urban Transportation Planning
Package (UTPP) was similar, although some of the de-

tails were different. However, some tract and block
geocoding errors still occur. Such errors in the UTPP and
CTPP are difficult to recognize and correct because
geocoded workers and allocated workers are mixed.

Because the special tabulation included a flag that in-
dicated whether or not the workers had been geocoded
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to tract (in most cases such workers had also been geo-
coded to block), SEMCOG could not produce computer-
generated maps of tract-geocoded employment by any
of the 75 industrial classes of the special tabulation.
Upon examination, the overall quality of tract and block
geocoding appeared to be quite good. There were rela-
tively few recognizable major errors, and these were
corrected, resulting in an improved base for subsequent
reallocation.

In the Census Bureau procedure for creating small-
area employment data, workers who could not be geo-
coded to tract and block were instead assigned to tract
and block by an allocation procedure (1, 2). In 1990 a
considerable percentage of workers needed to be allo-
cated. In the four most urban counties of Southeast
Michigan, an average of over 30 percent of all workers
needed to be allocated to tract and block. In Detroit
Cit¡ nearly two-thirds of the tracts had more than 40
percent of their workers allocated by the Census Bureau.
Some sort of allocation procedure is absolutely neces-
sary so that workers with ungeocodable addresses can
be assigned to an appropriate small area. Flowever, the
Census Bureau allocation procedure was believed to se-

riously reduce the overall acctJracy of small-a¡ea place-
of-work employment data. Therefore, it was decided to
develop a reallocation procedure. That procedure ac-
cepted the Census Bureau's state and county assign-
ments, as well as their geocoding to place, and then used
the special tabulation's detailed breakdowns of indus-
trial class and occupational class to match workers need-
ing to be reallocated toTAZ with workers who had been
geocoded to tract and block and thereby toTAZ by the
Census Bureau.

SEMCOG Reallocation Method

The reallocation method used by SEMCOG is illustrated
in Figure 1. The procedure begins by grouping the work-
ers to be reallocated by their workplace destination area,
which is the county to which the Census Bureau assigned
the worker (through either geocoding or allocation), sub-
divided into places for those workers who were so
geocoded by the Census Bureau.

Next, to identify all tract-geocoded workers in the
destination area who match the worker being reallo-

al , \_v-_____
I Prlndpâl lC f- Yee Re¡lduâl OC l- Ye¡--T-- -]---

rlz \l
rl F Ye¡

lGener¡l lc l-- Y* ----ff=.ol 99_J_ m,T

Yoâ

No

No

Group wod<em b bs albcebd by nrDrtphce

desün¡üon .rEe wllñln CTPP coverege arêa:

l. cdlnv esdgmd by Ccruus Burcau

2. placa (lfgeocoded by Cen8u¡ Bur€eu)

Itldcñ worker nædlng b bc ¡¡¡llocabd
b fect gÊocodêd u,ortefr ln wofipbcê
de¡lin¡lion ase, u¡im üte follot¡ing øibda:

For each, lisl zone numbot

From bbl number of rîåtcñes,

drooEô onr zonc and arcþn

From lorv¡cô produc{ion lobc,
chooso onô zons and aeslgn

l¡ he lC of thewofief
b bc allocatcd ln the
goodrpodndion racbí

FIGURE 1 SEMCOG reallocation method.



36 DECENNIAL CENSUS DATA FOR TRANSPORTATION PLANNING: CASE STUDIES

cated, a decision tree consisting of a series of questions

about industrial class followed by a series of questions

about occupational class is run for each worker. These

questions are based upon a four-tier system of industrial
classes and a three-tier system of occupational classes,

both systems going from less general to more general.

The system of industrial classes (ICs) consists of the

following:

L. Specific IC: These are the 75 classes used in the

1,980 and 1990 special tabulations obtained from the

Census Bureau. The Specific ICs were designed to recog-

nize ICs that made up at least 1 percent of Southeast

Michigan's employment plus some smaller industries
having distinctive land use characteristics.

2. Princþal IC: These are the L8 ICs used in the1990
CTPP. Specific ICs combine to form Principal ICs.

3. General IC: These âre the 1L ICs used in Census

Bureau printed reports to summarize employment by
industry. The principal ICs combine to form General ICs.

4. Finall¡ if no match can be made by General IC,
one is made using a distinction between goods-producing
and services-producing classes.

The system of occupational classes (OCs) consists of
the following:

1. Key OC: These are Specific OCs that form at least

10 percent of the region's employment within a Specific

IC. (The 1990 special tabulation included 40 Specific

OCs, whereas the 1980 tabulation had 39 because of the

absence of military occupations.) It turns out that in
L990 every Specific IC has at least one Key OC and that
the range extends up to six. Key OCs are used to iden-

tify those Specific OCs that occur relatively frequently in
a Specific IC, and therefore can be expected in many
zones, where they will provide potential matches. Con-
versel¡ OCs that are uncommon to a Specific IC will
tend to occur in relatively few zones. If the reallocation
procedure did not use Key OCs, workers of a given

Specific IC and a given uncommon Specific OC needing

to be allocated would be matched only to those few
tract-geocoded workers.

2. Residual OC: To prevent such a biased allocation'
Specific OCs that do not qualify as Key OCs within a

given Specific IC are grouped into Residual OCs. A
Residual OC consists of the Specific OCs of the special

tabulations that occur within a given OC of the CTPP

(that is, the OC equivalent of a Principal IC) less any

relevant Key OCs of the given Specific IC.
3. General OC: These are the six OCs used in Census

Bureau printed reports to summarize employment by
occupation. The Key OCs plus the Residual OCs form
General OCs.

The procedure begins with Specific IC and if necessary

moves down the IC sequence until matches are found. It
then moves over to the appropriate box in the OC se-

quence and down until a match on OC has been made. If
no match can be made even on General OC, OC is ig-
nored and all the lC-matching geocoded workers are

used. FinallS a random process is used to choose a single
matching tract-geocoded worker. That worker's zone of
work is assigned to the worker needing reallocation,
completing the process for that worker. The process is

repeated for each worker needing reallocation.

Reallocation Results

The results of applying the SEMCOG reallocation
method to those workers who could not be geocoded to
tract are illustrated in Figures 2 through 9. Figure 2 in-
cludes all workers, and the others present data on a selec-

tion of the specific ICs of the special tabulation. Each is

divided into two graphs, the upper numerical graph giv-
ing a count of workers and the lower percentage graph
giving a percentage distribution, both along the Y-axis.

The X-axis gives a count of TAZs arranged in an or-
der that corresponds to the occurrence of Census Bureau
tract-geocoded workers in the specified IC. The leftmost
TAZ has the greatest number of workers in that IC; the
other TAZs are arranged in descending order.

Each graph shows three curves representing Census

Bureau geocoded, Census Bureau allocated, and SEM-
COG reallocated workers. The curves are cumulative,
each corresponding to the distribution (either numerical
or percentage) of workers of its type of workplace cod-
ing procedure. (It is important to keep in mind that the
Census Bureau allocated and the SEMCOG reallocated
curves both follow the X-axis TAZ sequencing established

by the Census Bureau geocoded workers: descending
order, highest T AZ frrst).

The curves demonstrate four key aspects of the
specified IC:

1. Number of workers: Using the top graph, sum
the Census Bureau geocoded plus the Census Bureau
allocated. (Note that the SEMCOG-reallocated total
tends to be somewhat lower than the Census Bureau al-
located because of a difference in the two allocation
procedures.)

2. Degree of concentration: Using the lower graph,
note that the steeper the curve, the higher the portion of
workers located in a relatively few TAZs. The air trans-
portation IC (Figure 4,bottom) shows an extremely high
degree of concentration.

3. Geocodingr^tei Using the top graph, approximate
the number of Census Bureau geocoded workers as a

(text continwes on page 45)
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portion of total workers (geocoded plus allocated). The
trânsportation equipment manufacturing IC (Figure 3,
/op) shows roughly 185,000 geocoded and 40,000 allo-
cated workers, equal to a geocoding rate of roughly 82
percent. In contrast, the graph for retail tradel eating
and drinking places (Figure 8, top) shows roughly
55,000 geocoded and 45,000 allocated, giving a geocod-
ing rate of only 55 percent. If the allocarion procedure
does have the problems that it appears to have, it is ob-
vious that the lower the IC geocoding rate, the greater
will be the negative impact and the greater the percent-
age of workers who will be assigned toTAZs that are in-
appropriate for that industry. Furrher, it should be borne
in mind that incorrect workplace assignments produce
incorrect home-to-work commuting trips.

4. Degree of replication: This is the central concern
of this paper, namel¡ how well do Census Bureau allo-
cated workers replicate the small-area locational pattern
of Census Bureau geocoded workers? Further, can there
be a better way to allocate ungeocodable workers? To
ans\ryer both these questions, examine the percentage
graphs (Figures 2 through g,lower grapbs).

The graph of all ICs (Figure 2, bottom) shows that
both the Census Bureau allocated and the SEMCOG re-
allocated curves track the Census Bureau geocoded curve
fairly well. However, such is not the case with the se-
lected Specific ICs; the Census Bureau allocated curve
does not do a good job of tracking the Census Bureau
geocoded curve. For example, the Census Bureau allo-
cated curve of the electric utilities IC (Figure 5, bottom)
has allocated less than 20 percent of its workers by the
first 100 TAZs, whereas by that point the Census Bureau
geocoded curve has accounted for 98 percent ofits work-
ers. That geocoded curve hits 100 percent at around the
1.30thTAZ, but at that point the allocated curve still has
80 percent of its jobs yet to be assigned to TAZs. In other
words, that 80 percent will go into TAZs that have no
geocoded workers for that industr¡ or into TAZs where,
for the most part, they do nor belong. The SEMCOG re-
allocated curve replicates the geocoded curve well, but
not exactly. Some degree of discrepancy is to be expected.
For one thing, if a worker in a given IC was geocoded to
place but the place had no geocoded workers for that in-
dustry the reallocation method accepts the Census Bu-
reau's geocoding and then matches on Principal IC or,
failing that, General IC, as illustrated in Figure 1.

A comparison of the Census Bureau geocoded and
SEMCOG reallocated curves by Specific IC demonstrates
that the reallocation method, even without using means
of transportation and travel time, produces a better repli-
cation of the small-area pattern of geocoded workers
than does the current Census Bureau allocation method.
However, a full allocation method should include both
means of transportation and travel time. Time demands

plus the complexity of the task kept SEMCOG staff
from attempting to include them in their reallocation
method. In the final section of this paper a proposal for a
comprehensive allocation method is presented.

RncouurNDATIoN FoR CENsUs 2OOO

An improved allocation merhod for use in Census 2000
could combine features from both the current Census
Bureau allocation method and the SEMCOG realloca-
tion method, and in addition could incorporate seyeral
new features. Means of transportation and trip duration
would be adopted from the Census Bureau method.
However, there would be at least four separate means,
namely walk, bicycle, carltrucVvan, and transit (with
transit being split into separate types in metropolitan ar-
eas in which transit types other than bus are significant).
lü7alk and bicycle are recognized as separate means be-
cause their reach is so restricted compared with car or
transit. The current Census Bureau method uses only
two means of transportation: transit and all other.

Both existing methods use ICs. However, the Census
Bureau method uses up to l.l classes, whereas the SEM-
COG method uses up to 75. In addition, the improved
method would adopt OCs from the SEMCOG merhod.
The Census Bu¡eau method makes no use of OCs,
whereas the SEMCOG method uses up to 40. The im-
proved method would use detailed breakdowns for both
industry and occupation, with the exact number of
classes to be determined.

The new method would introduce the concepts of
"commuting origin areas," representing areas of resi-
dence, and "commuting destination areas," representing
areas of workplace. Each TAZ would have an origin
area, consisting of the TAZ itself as a central zone plus a
ring of immediately surrounding TAZs. Place-of-work
data for tract-geocoded workers residing in each origin
area would be used to demarcate a set of destination ar-
eas, which would then be assigned to the origin area's
central TAZ. (By assigning the destination areas of the
entire origin area to the central TAZ, the sample size of
each central TAZ is increased.)

There would be a separate destination area for each
t¡avel time interval of the carltruck/van and the rransir
means of transportation. Each particular destination
area would represent the TAZs that were the work ends
of commuting trips made by workers residing in the ori-
gin area who were geocoded to tract and block of work-
place and who made a trip of the specified length by the
specified means. The allocation of workers whose work-
places had been geocoded to a place but not to a tracr
would be restricted to the portion of the commuting
destination area that fell within that place.

Because walk and bicycle rrips are relatively infre-
quent, their destination areas should not be demarcated
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using data for tract-geocoded workers residing in the ori-
gin area. Instead, the destination area representing the

first or shortest travel time interval would always include

the entire origin area, plus any other TAZs that could be

reached within the time interval' It would be assumed

that there was one average travel speed for walk trips
and another for bicycle trips, and straight-line centroid-
to-centroid distances, central TAZ to eachTLZ beyond

the origin area, would be used. Subsequent travel time

intervals for walk and bicycle trips would also use aver-

âge travel times and zone-to-zone straight-line distances.

In the improved allocation method, following the de-

marcation of an origin area and destination area for each

central TAZ, workers needing to be allocated would be

assigned to tract and block using the previously de-

scribed procedure illustrated in Figure 1.

The proposed allocation method represents a system-

atic effort to make maximum use of all that is known
about workers needing to be allocated so that they can be

assigned to â tract and block that best correspond to their
place of residence, their work-trip characteristics, and

their specific industry and occupation' The nationwide

TIGER File and the current capabilities of geographic in-
formation systems bring such an improved allocation

system within reach.
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