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WHAT IS TRANSIMS?

TRANSIMS is a new system of travel forecasting models being developed by the Los
" Alamos National Laboratory for the Travel Mode! Improvement Program. The
TRANSIMS models are a wholly new approach to travel forecasting, specificalty
designed to meet the needs of today’s transportation decision makers for more accurate
information on traffic congestion, differential impacts of transportation and motor vehicle
emissions. TRANSIMS is composed of four basic modules.

Activity-Based  [™I| intermodai Tip  [=PP| Tratfic | A Quaiity

Travel Demand Planning Microsimuiation Analyses

Activity-Based Travel Demand estimates the number, characteristics and locations of
activities in which individuals will participate during the forecast period. Activities are
. work, shopping, recreation, etc. These activity estimates are based on characteristics of

" individuals, their households and vehicles determined by a synthetic population

generator.

Intermodal Trip Planning computes combined route and mode trip plans to accomplish
individuals’ desired activities. Intermediate activities such as shopping may occur during
the routing of a principal trip such as work. TRANSIMS maintains the identities and
characteristics of individual drivers, vehicles and other travelers throughout their trips.
Trips are identified by specific geographic points of origin and destination.

Traffic Microsimulation computes the movement of persons, goods and vehicles on the
simulated transportation network second by second during the forecast period. The
microsimulation continuously computes the operating status of all vehicles and engines
throughout the trips, including locations, speeds, acceleration or deceleration. Every
motor vehicle in the study area is monitored in this way, thereby indicating areas and
times of traffic congestion and emission concentrations.

Air Quality Analyses identify the kinds of emissions and calculate the effects of emissions
on the atmosphere in the study area. The air quality module estimates the nature, amount
and conditions of emissions by each motor vehicle. The output of the emissions modules

are consistent with airshed models.

TRANSIMS is a considerable departure from traditional, four-step travel forecasting
procedures. The new technical approaches in TRANSIMS permit equity analyses of
transportation alternatives, service reliability and forecast uncertainty. Moreover, all of

the traditional analyses conducted by the best current four-step models can be conducted

with TRANSIMS.
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CREATING SYNTHETIC BASELINE POPULATIONS
by

Richard J. Beckman, Keith A. Baggerly, Michael D. McKay
Statistics Group,
- Los Alamos National Laboratory, Los Alamos, NM 87545, U.S.A.

Abstract

To develop activity-based travel models individual travelers and households must be consid-
ered. Methods for creating baseline synthetic populations of households and persons using 1990
census data are given. Households are generated on either a census block group or census tract

basis by judicious selection of households from the associated Public Use Microdata Sample
(PUMS) of the Census Bureau. The procedures are validated by creating pseudo census tracts
~ from PUMS samplés and considering the joint distribution of the size of households and the
number of vehicles in the hoﬁseholds. It is shown that the joint distributions created by these

- methods do not differ substantially from the true values.

1. Introduction

Activity-based transportation models, such as those outlined and/or reQiewed in Recker et
al. (1986a, 1986b), Kitamura (1988), Axhausen and Garling (1991), Bhat and Koppelman,
(1993), Garling? Kwan and Coiledge (1994), Recker (1994) and Smith et al. (1995), require
that individual travelers and households rather than aggregates be considered. The purpose of
this paper is to outline a methodology for the creation of a synthetic baseline population of
individuals and households which can be used in such models. While the populations developed
ﬁere are necessary for activity—based models, aggregated demographic chﬁracteristiés of these

populations can also be used in the traditional four step process to estimate travel demand.
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The techniques given here for the construction of synthetic populadons rely on 1990 census
data. They can, howe'ver, be modified as new census data becomes available. The census data
includes the Census Standard Tape File 3A (STF-3A) (see Census, 1992a) and the Public Use
Microdata Sample (PUMS) (see Census, 1992b). STF-3A is a collection of summary tables
of demographics, such as the number of persons per household, for census. tract or census
block group sized areas and is often used in transportation studies. Most tables in STF-3A
summarize one demographic characteristic, but a few cross-classified summary tables of two or

three demographics are also given.

The PUMS is beginning to be utilized in transportation studies (for example see Purvis,
.1994). The PUMS file consists of a 5% representative sample of almost complete census records
'(kaddressesand other unique identifiers are missing) from those contained in a collection of censﬁs
- tracts or other small geographic census areas, which collectively is called a Public Use Micro
Area (PUMA). A PUMA is constructed so that it contains approximately 100,000 individuals.
Since essentially corhplete demographics are given for each individual and household in the
PUMS, entire multiway summary tables which are not available in STF-3A can be created for

the PUMA area.

The basic algorithm for the construction of a synthetic population is as follows. Each census
tract or part of a census tract which contributes to a given PUMA is considered. (Block groups
can and possibly should be: used, but without loss of generality here we talk exclusively about
census tracts.) Sumrhary tables for a selected set of demographics from STF-3A are assembled for
each of the census tracts. The mulﬁway demographic table of these dcmogfaphics is constructed
from the PUMS of the corresponding. PUMA . Then, a multiway table is estimated for each
census tract where the mérginal totals in the constructed tables match the marginal totals given
by STF-3A and the correlation structure in the multiway table constructed from the PUMS is

maintained. In the last step of the algorithm households to makeup the synthetic population




é.re drawn from the PUMS in proporﬁon to the estimated entries in the multiway tables for the
census tracts.

The form of the data in STF-3A and the exact tables used for this procedure are given in the
next section. Section 3 illustrates methodologies for the creation of the estimated multiway table
for each. census tract in a PUMA, while techniques for the creation of the synthetic population
are given in the next Section. Methodologies for the validation and verification of the technique

are given in Section 5. Discussion and Summary Sections follow.

2. Census Data

Census tract summary tables in STF-3A used in the creation of synthetic households are
“divided into three categories: family households, nonfamily households, and group quafters.
Family households are those households with two or more related persons. Persons living alone
or unrelated persons living together are nonfamily households. Group‘ quarters are dwellings
such a§ prisons or college dormitories. Since the summary tables ih STF-3A are different
for each of the three types, the corresponding synthetic populations are generated separately.
Family households are considered first. The summary tables in STF-3A which concern family

households are :

P24: Age of the Householder,

P107: Family Income,

P112: Number of Workers in the Family,

P124A&B: Poverty Status (which is not used here) x Race x Family Type x Presence and
Age of Children. ‘

-

Not all catégories that are given for the above STF-3A tables are used in the procedure. For
éxample, the summary’ table P107 of family income has 25 categories. These are collapsed to 7
categories here;' as the‘properties of the resulting populations using all 25 categories are almost
identical with those using 7 categories. This does not preclude the use of all 25 categories in

practice.




Examples of the four summary tables for census tract 1216.04 in Tarrant County, Texas are

given in Table 1. The Family Class demographic given in Table 1 is derived from the Family Type

and Age of Children cafegories given in summary table P124A&B. The 12 Family Classes are:
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‘Married Couple: Children under age 5 only,

Married Couple: All children between 5 and 17,

Married Couple: Children under 5 and 5°to 17,

Married Couple : No children under 18,

Male Householder-No Wife Present: Children under age 5 only,
Male Householder-No Wife Present: All children between S and 17,
Male Householder-No Wife Present: Children under 5 and 5 to 17,
Male Householder-No Wife Present: No children under 18,

Female Householder-No Husband Present: Children under age 5 only,

. Female Householder-No Husband Present: All children between 5 and 17,
. Female Householder-No Husband Present: Children under 5 and 5 to 17,
. Female Householder-No Husband Present: No children under 18.

The poverty level in summary table P124A&B is not considered. Data in the categories of

“below the poverty level” and “above the poverty level” were summed, yielding the resulting

race by family class summary table given in Table 1.

W

Summary tables in STF-3A for nonfamily households are:

P17: Household Type and Gender,

P20: Race x Household Type x Presence and Age of Children. (The race of nonfamily
householders is derived from this table and is the only demographic used from this table.),
P24: Age of Nonfamily Householder,

P110: Nonfamily Household Income,

P127: Poverty Status (not used here) x Age of Householder x Household Type.

These tables for census tract 1216.04 in Tarrant County, Texas are shown in Table 2. Once

again some of the categories shown in Table 2 are collapsed from the full set of categories given

- in STF-3A. However, the three categories of age shown for the P127 summary table are exactly

those given in STF-3A.

1.
2.

There are only two summary tables for group quarters in STF-3A. These are:

P40: Group Quarters,
P41: Group Quarters x Age.




These two tables for census tract 1216.04-of Tarrant County, Texas are given in Table 3.

The second major source of census data used here. is the PUMS. The samples given in
the PUMS are a representative 5% sample of households and group quarters from the PUMA.
Weights are assigned to each household and person in the sample so that weighted summary
, statistics can be formed.

In the technique presented here, weighted multiway summary tables corresponding to the
demographic variables and categories in Tables 1, 2 and 3 are formed from the PUMS for faﬁily
households, nonfamily households and group quarters for each PUMA in the métropolitan area
under study. The tables are constructed from the PUMS by adding the household weights for
households in eaéh category of the multiway table. For group quarters, the person weights are

~summed for each category.
3. Estimating the Cross-Classified Table

In this section a method for the construction of cross-classified tables of demographics for
each census tract in the area of study is discussed. These: multiwaytables are constructed to
satisfy the marginal summaries of STF-3A. Additionally, the estimate of the correlation structure
of the census tract multiway table as given by the PUMS is maintained. For all of the procedures
developed here, it is assumed that all of the census tracts and census places that contribute to

a PUMA have the same correlation structure.

Correlation in a multiway table is measured by odds ratios. For a 2 by 2 table

P11 P1.2
P21 P22
the odds ratio is
. _ PrLiPp22
P1,2P2.1 ,



Odds ratios for multiway tables or n x m two-way tables are a given by a simple extension
of the formula given above for the 2 x 2 table. For an n; x n» X ... X np table the odds

ratios have the general form

(ph.iz‘.,.im)(pil,....i,-l'-cl ..... lk+cCa..... lm)

 (Piyreeiyctreenticreoimm ) (Pit ooy Cavennsion )

The primary tool used to complete the multiway table for each census tract is iterative
proportional fitting (IPF) (Deming and Stephan, 1940). It can be shown tHat in situations where
the marginal totals of a multiway table are known and a sample from the pofnulation which
generated these totéls is prdvided IPF gives a constrained maximum entropy estimate of the
true proportions in the population multiway tabie (Ireland and Kullback, 1968). Additionally,
IPF estimates maintain the same odds ratios as those in the. sample table in the absence of any

. marginal information to the contrary (see for example Little and Wu, 1991).

To describe IPF the following notation is used. Let the proportion of observations in a

sample from a m—way marginal table from the PUMS be denoted by

. iy is,...im
Piy iz,ciim = “““_—n :

where i; = 1,2,...,n; represents the observed value of the j* demographic with n; categories
(for example age of the householder has n;=7 categories), n is the total number of observations

is the number of counts in cell (i1, iz, ... ,im). Also, let T be the

known marginal totals for the k™ category of the j" demographic. The total number n is
nj .
n=Y T forallj.
k=1

g denote the estimated proportions in cell (iy,i2,...,im) at iteration t of the IPF

procedure and let

(®) SR RR0
t t
P =k, = Z e Z Piyizeedj=Keenim

=1 im=1



where the above sums are not over the index corresponding to the fixed category k.

Iterative proportional fitting begins by letting

,,,,, im = Pinizim

At iteration t the estimated proportions p(t) ;are derived using the following procedure. For

il,iz ..... 1

each margin in turn, update the estimated proportions (for all values of iy, iz etc., and the k%

category of the j marginal) by

()
(new)  _ _(old) Ty /n
PiLiz,ii=Keoim = Pitizedj=Keonim _(old)
P ij=k,...,.

where for the first marginal for p©®? corresponds to p®!, the resulting estimates from the last
iteration. For the second and later marginals p©? is set equal to the p™®") estimated for the

previous marginal. Finally, p® is set equal to p"™") resulting from the last marginal. The
(t)

iterations continue until the relative change between iterations in each estimated p; ", is

small. In practice we find this procedure converges in 10 to 20 iterations.

Minor adjustments must be made to the IPF routine in order to handle marginal tables in
the forms given in Tables 1, 2 and 3. Two way marginals such as the race x fémily class
table in Table 1 present no problem to the IPF routine. Such marginal tables are converted to
a single demographic whose categories are all the combinations of two demographics involved
and IPF proceeds as usual. For example the 5 x 12 tabie for race x family class in Table 1
is considered as a table of one demographic variable with 60 categories. If two marginal tables
contain a common demographic variable (e.g. the alone-not alone demographic in tables P17
and P127 in Table 2) the procedure is not altefed. The fitting proceeds as above treating each
marginal separately. For the case where one demographic variable is in two summary tables
and has fewer categories in one than the other (e.g. summary tables P24 and P127 shown in

Table 2) an additional step is‘required. The procedure uses only one marginal table at a time.
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When the table with the “collapsed” marginal is considered, the procedure updates the cells as
above where all of the cells that contribute to the individual “collapsed” categories are updated
by the same proportion.

As stated before it is assumed that each of the census tracts contained in a PUMA has the
same set of odds ratios. Without this or similar assumptions the estimation of odds ratios for
individual tables is intractable. Even with this assumption, however, the PUMS sample does
not reflect the correlation structure of the individual tables. This is easily seen by considering
two 2 x 2 tables with sample sizes n; and n; and the same odds ratio ¢. Let the proportions

in the cells of the two tables be

Table-1 , Table-2

Now, the odds ratio for the combined tables and thus for the sample is

P1,2 P2.1.

-where
1 2
Pij = nlpi(,j) + n‘ng'j)

From the above equations it is easy to see that in general ¢’ # ¢.
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The fact that o' # o implies that correct statistical techniques for the estimation of o must
simultaneously take into account the data from all of the census tracts or parts of census tracts

that contribute to the PUMS.

The following two step IPF procedure considers all census tracts and parts of tracts that
contribute to the PUMS. It results in estimated multiway tables for which the odds ratios in
each table are identical, and when the tables are combined the odds ratios are the odds ratios
of the PUMS. First, the marginal tables for all n census tracts in the PUMS are added. Then
“an m—dimensional multiway table denoted by TO is obtained by .IPF of the PUMS against the
summed marginals. The second step may be viewed as the construction of an (m+1)-dimensional
table. The ﬁrst m dimensions of the table are the m marginals. The last dimension is created
by “stagl;ing" the n tables for the census tracts. IPF is used a second time where the known
marginal tables are the combined marginals for the n tables and TO is taken as an additional
marginal table for the ‘“stacked” tables. The final estimated tables are obtained by IPF of a
(m+1)-divmensiona1 table with entries of 1 against these marginal tables. The following example

of two 2x2 tables illustrates this procedure.

Suppose that there are two 2x2 tables with the following marginals.

TABLE 1 TABLE 2

v2=1 v2=2 Total v2=1 v2=2 Total
vi=1 ? ? 1700 vli=l ? ? 1405
vi=2 ? . ? 1050 vi=2 ? ? 905
Total 1505 1245 2750 .| Total 700 1610 2310

The corresponding total marginal tables and the “PUMS” are :

TABLE 1 + TABLE 2 "PUMS"
v2=1 | v2=2 | Total | v2=1 | v2=2 | Total
vl=l 7|2 3105 vi=l 45 108 153




vi=2 9 ?

? . 1955
Total 2205 2855

5060

vi=2 63 37
Total 108 145 1 233

IPF of the “PUMS” against the TABLE 1 + TABLE 2 marginal totals gives table TO:

TO
v2=1 v2=2 Total
vi=1 949 2156 3105
vi=2 1256 699 1955
Total 2205 2855 5060

TO is used as one of the marginal tables for a 2x2x2 table constructed by “stacking” the

two original tables on top of one another. Two additional marginal tables are those given by the

existing marginals of the two tables. These are:

Marginal: v1 x Tables Marginal: v2 x Tables

Table 1 Table 2 Table 1 Table 2
vl=l 1700 1405 v2=1 1505 700
vl=2 1050 905 v2=2 1245 1610

To obtain the final estimated tables, the three 2x2'margin‘al tables are used as marginals in

the IPF of a 2x2x2 table with cell entries equal to 1. The resulting IPF estimates are:

TABLE 1: Final Estimate TABLE 2: Final Estimate
v2=1 | v2=2 | Total v2=1 v2=2 Total
vi=1 701 999 1700 vi=1 248 1157 1405
vi=2 804 246 1050 vli= 452 453 905
Total 1505 1245 2750 Total - 700 1610 2310

It is interesting to note that each of the above estimated tables has an odds ratio of .21; the

odds ratio of these two tables combined is .24, which is also the odds ratio of the “PUMS”. If

the two tables are fitted individually to the PUMS by IPF, the odds ratio of each table is the
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same as the “PUMS” odds ratio, .24. The odds ratio of the combined tables is then .28 which

is not the odds ratio of the “PUMS”.

4. Creating the Synthetic Population

The synthetic population of households is constructed by selecting entire households from
the PUMS in proportion to the estimated probabilities given in the multiway table obtained by
the technique in Section 3. it is not required that the sclection.procedure of Section 3 be used
to estimate the multiway table; any estimation scheme may be used. quever\, it is the only
routi‘ne considered here. |

The number of households to be generated of each defnographic type (having a specific set
‘of demographics) is determined for each census tract. These numbers can be obtained either by
multiplying the total number of households by the probabilities in the estimated multiway table,
or by drawing the numbers at random according to these probabilities. The first case, which we
call “ih expectation”, requires the addition or deletion of a few households due to rounding.

Once the number of households of each demographic type to be selected is determined,
households with different demographics are considered separately. For a ‘combination of
demographic characteristics a set of probabilities is assigned to each household in the PUMS
~(after it has been split into family and nonfamily households and group quarters) where PUMS
samples “close” to the combination of desired demographic characteristics are assigned higher
probabilities. These probabilities are computed by considering the “distance" between a‘PUMS
household, indicated by p, and the households characterized by a cell, ¢, in the multiway table

for census tract. The following function is used to calculate the probabilities.

pre) = wy [T (1= [(af —df)/ml) - T (1 - A(P.4)

ie] iglJ

where for family households
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1. ] is the set of ordinal variables such as {income, age, workers} for family households and
~J is the set of categorical variables such as {family class, race} for the family households.

dP is the value of the i demographic for household p from the PUMS,

df is the value of the i demographic of the household of cell type ¢ from the census tract,
r; is the range of demographic i in the PUMS,

wp is the weight associated with household p from the PUMS,

a dP = df
S - {1, 432
i i

= R S VI )

When o = 0 and k — 0, D(p,c) is a 0-1 loss function. In this case, samples from the PUMS
are considered only if there is an exact match in the demographics dP and df
To acquire households for the Syntheti_c population, the probébility of selecting household p

for the synthetic population for a household with demographics c is given by

Pr{érelecting Household p} = D(p. c)/ Z D(j,c).
i

Using the procedure given in Section 3, there is always.at least one sample in the PUMS
which exactly matches the table’s demographics. Therefore, the 0-1 loss functi()nbf step 7
above may be used to select PUMS households for the synthetic population. Other procedures
for estimating the multiway table, such as assuming Lindepe,ndc:nce between the marginals and
" multiplying marginal probabilities to create the tablé,%ﬁay not have this property. We show in
the next section that for the method of Section 3, a 01 loss functon is desired.

Since there is randomness in the selection of the households by the above method, mulﬁple
populations are constructed for each study. These multiple populations may then be used to
| investigate the uncertainty in the results of the study which is due to the construction of the

synthetic populations.

5. Validation Studies

One method of validating the scheme for creating a synthetic population compares de-

mographic characteristics of the synthetic populaﬁons with those of the true population using
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variables not involved in the gencrati'on of the population. For example, to judge the bias and
the variance of the generation technique, the distribution of the number of péople per household
as summarized in STF-3A can be compared with jts distribution in the synthetic population.
This variable is available in STF-3A for all households and is not ﬁsed in the generation of the

synthetic family and nonfamily households.

Utilizing a 0-1 loss function, 100 synthetic populations of family and nonfamily households
for census tract 1216.04 of Tarrant County, Texas were created. Figure 1 shows the differences
~ in the true distribution of household size for this census tract and those distributions in the
synthetic populations. Each line in thé figure represents the difference between one of the
synthetic population and the known values for the census tract. The box in the lower right hand
of the figure shows the actual distribution of households and the average number of synthetic
~ households for each household size.

The largest disérepahcy between the synthetic populations and the actual populaton is in the
_number of hous’eholds with 5 or more persons where on. the average 14 (with a base of 157) too
many households of this size are generated. In each population of synthetic households exactly
464 households with exactly one person were produced. The number of generated one person
households is always exactly correct with a O-1 loss function due to the fact that the marginal
totals in Table 2 for P17 and P127 are exactly satisﬁed. The average total population for the
synthetic population is 5628 persons, while the true number of persons residing in the census
tract is 5592 persons. The differencé of only 36 persons is remarkable considering that the total

number of persons is not controlled by the procedure to create the synthetic population.

In a second validation scheme a validation population is constructed from the existing PUMS
data. The samples in 20 to 30 PUMS data sets are considered as the full set of demographics of
a “census tract”. A “super PUMS” is constructed as a 5% random sample from this collection.

Synthetic populations are generated for each of the validation “census tracts”. Since the entire
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set of demographics is known for the validation population of “census tracts”, comparisons of

the synthetic population with these demographics can. be made.

In thé study here 22 PUMSs were selected from the San Francisco Bay Area to serve as’
pseudo census tracts. A “super PUMS” -was created by taking a 5% sample from the collection of
22 PiJMS data sets. The average number of persons and vehicles per household was computed
for each synthetic population using a 0-1 loss function . The results are given in Figure 2. For
each of the 22 pseudo census tracts, the absolute differences between the proportion of synthetic
households of sizes 1 to 5+ and with 0 to 3+ vehicles and the true proportions in the populatiqn
are highlighted. The darker areas on the figures show thg ‘most discordant regions . It is seen
in this ﬁgure that the procedure does well in the prediéiion of this joint distribution. This most
~discrepant results are in the first three “census tracts” where the number of vehicles for small
household sizes are overestifnated In particular, the proportion of single person households
with no vehicles is greatly underestimated. These three “census tracts” were known to be
different from the rest as they are the PUMAs from the City of San Francisco, where due to
parking difficulties and the availability of a good mass transit system the number of vehicles
is lower than in the general population. They were added to the validation set to see if a few
heterogeneous census tracts in a PUMA would invalidate the procedure. The results shown in
Figure 1 demonstrate the robustness of the procedure for the majority (and most homogeneous)
“census tracts”. In practice, however, the true census tracts from a PUMA are more homogeneous
than those constructed in the validation study by combining PUMAs, and the resulting estimated

populations will be closer to the true values for all census tracts.

One potential methodology for the construction of a S);nthetic population is to forgo the fitting
of the multiway table with IPF and draw the population directly from the PUMS according to
“the number of households given in STF-3A for block groups or census tracts. The improvement

by using IPF for both family and nonfamily households is shown in Figure 3. In this figure the
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mean absolute deviation between the proportions of household sizes by the number of vehicles
estimated using IPF for the 22 “census tracts” is plotted against the mean absolute deviation
of the proportions in the “census tracts” and the true proportions in the “super PUMA”. The
latter is equivalent to the selection of households directly from the PUMS without IPF. Most
pbints on the two plots in Figure 3 are above the line. These show the “census tracts” where
the IPF routine does a _bettcr job in the prediction of the joint distribution of household size

and the number of vehicles.

6. Discussion

- We now briefly discuss two additional facets of the procedure. First, the multdway table
‘generated from the PUMS is sparse. There are 11,760 cells in the multiway table for families
(obtained by multiplication of the number of ca;egories for each of the marginals) while there
are only 609 cells with nonzero entries in the multiway table constructed from the PUMS. The
IPF algorithm estimates a zero proportipn for all cells that are zero in the sample. Since thé
PUMS is a sample, many of the approximately 11,000 empty cells might not be empty in the
population. Therefore, one may wish to “tweak” each of the empty cells with a partial count

of .1 or .01 before using the IPF routine.

Second, given the estimated multiway table from the IPF routine, the potential exists for the
imputation of an additional demographic from the PUMS. For example, one demographic that
could be imputed is the number of people in the household which is not one of the demographic
characteristics used to construct the multiway tables for either family or nonfamily households.

Both imputation and tweaking were investigated and neither improVed on the results obtéined
by using the basic algorithms given above. Synthetic family populations for census tract 1.07 of
Bernalillo County, New Mexico were generated with é.nd without both tweaking and imputing

the persons in the household. Zero cells in the PUMS were replaced by .01 and imputation of the
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household size was accomplished usiﬁg Classification And Regression Trees (CART) (Breiman,
et. al.,, 1984). Both ‘of these investigations required the use of a non 0-1 loss function since
in these'casés there is‘ no guarantee of PUMS samples matching exactly the nonzero cells of
the multiway table generated by IPF. The values of k and « in D(p,c) of Section 4 were set

to .1 and .05 respectively.

Tweaking badly biases the statistics for the marginal tables and is not recommended.
Imputation does little more than add variability to the synthetic populations. It does not improve
the results from the basic algorithm. These results are not surprising. Tweaking ‘plaées an entry
in every cell of the estimated multiway table. Some of these cells may be much different from
the closest samples in the PUMS. Therefore, selection of even the closest PUMS samples using
D(p,c) will tend to bias the results. On the other hand the household size was imputed from
- the PUMS and the closest cells are not too distant from the nonzero cells in the multiway table.
Hence, in this case no appreciable bias is added to the sample.

- The use of a non 0-1 loss function was also iﬁvestigated for populations generated with
no imputation or tweaking. The results are similar to the imputation results where increased
variability but no bias was noticed.

To maintain the proper odds ratio structure, the statistically correct procedure for IPF as given
in Section 3 is to create an (m+1) dimensional table, with the table number as the additional
variable is the table number and to fit the (m+1) tables simultaneously. Investigations show that
this brocedurc only marginally outperforms the simpler procedure of fitting the multiway tables
individually. Consequently, the simplef procedure can probably be used without much harm.

One could assume that the variables that make up the multiway table are independent. The
marginal proportions for these variables could be multiplied and the synthetic households could
be drawn from the PUMS using D(p,c). However, this procedure has the same problem as

“tweaking” in that it.badly biases the marginal distributions of the individual variables, not to
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mention the joint distributions of variables such as household size and the number of vehicles.

Assuming independence between the marginal variables is not recommended.

7. Summary

A method has been given for the generation of synthetic populations on a census tract
or block grohp basis. The technique uses only census data and it reproduces the existing
population in a reasonable way. Thére are two steps in the methodology. First a multiway
demographic table of proportions is estimated. Here, it is estimated using iterative proportional
fitting. However, any reasonable statistical method for this éstimation would be acceptable.
Secondly, a synthetic population of households is drawn from the PUMS so as to match the
proportions in the estimated table.

We have shown by validation that synthetic populations generated by this procedure have
desirable characteristics. In the synthetic populaﬁon the mé.rginal distribution of variables used in
the construction of the multiway table match the truth exactly (within rounding). The distribution
of variables not used in the construction of the multiway table, such as household size, are
reasonably estirhated as evidenced in Figure 1. Also, the joint distributions of two or more
variables not used in the multiway table construction, such as household size and the number

of vehicles, are estimated well by this procedure.
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TABLE 1.
‘Family Summary Statistics For Census Tract 1216.04 Tarrant County, TX

| P24: AGE OF HOUSEHOLDER
[ Age 15-24 25-34 3544 | 4554 55-64 65-74 >74
n 100 445 382 283 164 78 39
P107: FAMILY INCOME
[ income | <SIOK | S10-15K | $15-25K | $25-35K | $35-50K | $50-100K | >8100K |
n 147 117 216 324 371 267 49
- P112: WORKERS IN FAMILY
Workers 0 1 2 >2
n 89 489 792 121
P124A&B FAMILY CLASS x RACE
| Whie | Black |A Indian| Asian | Other
(1) Couple Child<5 73 7 0 0 14
(2) Couple Child 5-17 276 23 0 6 18
(3) Couple Child'n <5 and 5-17 150 0 0 0 0
(4) Couple No Child’n <18 533 0 0 0 0
(5) Male HH Child<5 26 0 0 0 0
(6) Male HH Child 5-17 0 15 0 0 0
(7) M. HH Child’n <5 and 5-17 0 0 0 0 0
(8) Male HH No Child’n <18 19 8 0 11 0
(9) Fem. HH Child<5 28 13 0 0 0
(10) Fem. HH Child 5-17 119 45 0 0 11
(11) F. HH Child’n <5 and 5-17 11 0 0 0 0
(12) Fem. HH No Child’n <18 85 0 0 0 0
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TABLE 2.

Nonfamily Summary Statistics for Census Tract 1216.04 Tarrant County, TX

P17: HOUSEHOLD TYPE x GENDER
Type/Gender Male Female -
Living Alone 243 403

Not Living Alone 120 61

P20: RACE OF HOUSEHOLDER

Race White. Black Am. Asian Other
Indian
n 793 34 0o 0 0

P24: AGE OF HOUSEHOLDER
Age 15-24 | 25-34 35-44 | 4554 | 55-64 | 65-74 >74
n 139 146 105 97 123 74 | 143

P110: HOUSEHOLD INCOME |

Income <$10K | $10-15K | $15-25K | $25-35K | $35-50K $50- >$100K
100K |

n 250 69 184 140 75 101 8

| P127: AGE x HOUSEHOLD TYPE |
Type/Age 15-64 65-74 >74
Living Alone 439 64 143

Not Living Alone 171 10 0
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TABLE 3
Group Quarters Summary Statistics Census Tract 1216.04 Tarrant County, TX

. P40: PERSONS IN GROUP QUARTERS
[ Institutionalized: i
Correctional Institutions 0
Nursing Homes 211
| Mental Hospitals 0
| Juvenile Institutions 0
Other
Other:
College Dormitories 0 ’
Military Quarters 0
Emergency Shelters 0
Visible in Street 0
Other .0 |
__P41: GROUP QUARTERS x AGE B
Type/Age ) <18 | 1864 >64
Institutionalized: | 0 0 211 |
Other: ' 0 0 0
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1S

Figure Captions

Distribution of household size for 100 synthetic populations generated for census tract
1216.05 of Tarrant County, Texas. Each line represents one synthetic population and shows
the difference between the number of households of a particular size and the true number.

The difference from the truth in the proportions of household size and number of vehicles
for an average synthetic population. Each box on the plot represents 1 of 22 “census tracts”
which were constructed from San Francisco Bay area PUMS. The darker the shading in the
box the larger the difference between the synthetic population and the truth.

The mean absolute deviation of the proportions of households with household sizes 1 to 5+
and O to 4+ vehicles in the synthetic population from the true proportions. Points on the
plots represent these differences using only the PUMS and those differences using IPF. The
differences are smaller for those populations generated with IPF.
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Travel Model Improvement Program

The Department of Transportation, in cooperation with the
Environmental Protection Agency, has embarked on a research program
to respond to the requirements of the Clean Air Act Amendments of
1990 and the Intermodal Surface Transportation Efficiency Act of 1991.
This program addresses the linkage of transportation to air quality,
energy, economic growth, land use and the overall quality of life. The
program addresses both analytic tools and the integration of these tools
into the planning process to better support decision makers. The
program has the following objectives:

1.  To increase the ability of existing travel forecasting procedures to
respond to emerging issues including: environmental concerns, growth
managements, and lifestyles along with traditional transportation issues,

2. To redesign the travel forecasting process to reflect changes in
behavior, to respond to greater information needs placed on the
forecasting process and to take advantage of changes in data collection
technology, and

3. To integrate the forecasting techniques into the decision making
process, providing better understanding of the effects of transportation
improvements and allowing decisionmakers in state governments, local
governments, transit agencies, metropolitan planning organizations and
environmental agencies the capability of making improved transportation
decisions.

This research was funded through the Travel Model Improvement
Program.

Further information about the Travel Model Improvement
Program may be obtained by writing to:

- TMIP Information Request
Metropolitan Planning (HEP-20)
Federal Highway Administration

U.S. Department of Transportation
400 Seventh Street, SW
Washington, D.C. 20590







