60 Paper No. 98-0571 TRANSPORTATION RESEARCH RECORD 1645

Disaggregate Attraction-End
Choice Modeling

Formulation and Empirical Analysis

CHANDRA BHAT, AJAY GOVINDARAJAN, AND VAMSI PULUGURTA

For travel demand models to provide good forecasts, they must beformance of the disaggregate choice models with the disaggregate
causal; that is, the models should represent the travel decisions madequivalent of the conventional gravity model.

by individuals (and households) and should incorporate important

demographic and policy-sensitive explanatory variables. This recogni-

tion has led to a shift from the aggregate modeling paradigm to the
disaggregate modeling paradigm, evident in the widespread use of disPISAGGREGATE ATTRACTION-END CHOICE

aggregate trip production and mode choice models in practice. How-MODEL FORMULATION

ever, this shift toward disaggregate procedures has not yet influenced

the fundamental specification of trip attraction and distribution models Attraction-End Choice Alternatives

employed in practice. Developed and estimated were disaggregate

attractiort1-etr1_d Crt‘t(’icet.mOdegséhe:t.‘g":.facmtaée Ithe replatcler.“em Of_lt_?]e The proposed disaggregate attraction-end choice model predicts the

S?gggg:dedggg grr:g a'f’en aet?ractlizr?-el#](;oghrgicc)eerr?oijlglriesn C)(/)rlr?pl;sr:(.j WiteH'ndividuaI c_h_oice of trgvel to .ag_gregated zones (or spatial clus_ters) and

the disaggregate equivalent of the gravity model. not to specific attractions within zones (or elemental alternatives).
The choice of trip attraction-end is characterized by a large num-

ber of alternatives even after defining alternatives at the zonal level.

For demand models to reflect accurately traffic flow changes in yowever, by adopting an identically and independently distributed

response to potential changes in the transportation infrastructure ofj|p) structure for the error terms across the zonal attraction alterna-

population sociodemographics, they must be causal; that is, th&jyes, the attraction-end choice model can be consistently estimated

travel demand models should represent the travel decisions madegith only a subset of alternatives in the choice BetThe subset of

by individuals (and households) and should incorporate important yjternatives can be drawn in many different ways from the feasible

demographic and policy-sensitive explanatory variatilg. (This choice set§). The simplest method is to use a random sampling

recognition has led to a shift in the past couple of decades from theypproach in which the subset includes the chosen attraction-end alter-

aggregate (or zonal level) modeling paradigm toward the disaggreative and a random sample of nonchosen alternatives. This method

gate (or individual-household level) modeling paradigm, as evidentyas adopted in the current research. The total number of attraction-

in the widespread use of disaggregate trip production and modegnq alternatives sampled for each trip production is prespecified to be

choice models in practic@<9). However, the shift toward disag-  seven (six randomly selected alternatives and the chosen alternative).
gregate procedures has yet to influence the fundamental specification

of trip attraction-end and trip distribution modes3.(
The objective of this research was to formulate and estimate (dis-yy5del Formulation
aggregate) attraction-end choice models that will facilitate the

replacement of aggregate trip attraction models and the aggregatge aiternatives in the attraction-end choice models are aggregate

trip distribution models currently used by most metropolitan plan- 0 Each zorjenay include several possible elemental attraction
ning organizations. The traditional planning process first estimates

. . . . lternatives. Let the number of elemental attractions in jzioeB;.
trip productions from each zone and trip attractions to each zone an(i

. . - . . . e ssume the following:&) D; is large for each zorje(b) utilities of
subsequently links trip productions to trip attractions in the trip dis- 9:8) D, g fe(b)

I . . . . . . the elemental alternatives within each zone are 11D (conditional on
tribution stage. This process will be revised with the introduction of : I
. ; . . . unobserved zonal attributes), anpithie systematic utility of the ele-
attraction-end choice models. In this revised procedure, trip pro- . . o
. : . . ) mental attractions are relatively homogenous within each aggregate
ductions from each zone first are estimated by using disaggregate o . L
: : ~27.zone or the within-zone variance of the systematic utilities of the
methods. Subsequently, the attraction-end of each trip production is . .
. . ; - : elemental alternatives are about equal across zones. With the fore-
determined by the attraction-end choice model, and this provides the

trip interchanges between each zonal pair. The total trip attraction3°'"9 assumptions, the utility (or benefil) presented by attrac-

to each zone is determined implicitly because it is simply the sum-.tlon'end zongfor a trip production made by an individagih zone

mation of all paired trip interchanges involving the relevant zone as' M&y be written asdf:
the attraction-end. As part of the objective to estimate disaggregate =~ o
attraction-end choice models, the research also evaluated the perYia = Via + €iq = H'Zjq + N10g D + €jq @

C. Bhat, University of Texas, Austin, TX 78712. A. Govindarajan, Univer- WhereéZi is a vector comprisingaj travel impedance measures for
sity of Massachusetts, Amherst, MA 01003. V. Pulugurta, KPMG Peat travel between zonésandj, (b) zonal attractiveness and location
Marwick, 8200 Greensboro Drive, Suite 400, McLean, VA 22102-3803.  attributes of candidate attraction zgnand €) interactions of the
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sociodemographic characters of individgalith travel impedance 3. A descriptive analysis was conducted on trip length to obtain
and zonal attribute®; is the number of elemental alternatives in  the longest trip for each of the home-based work and home-based
zonej, €4 is a random term distributed 11D gumbel across zonal shopping purposes. The longest trip length was about 116 km (72 mi)
alternatives and individuals, apcindn are parameter vectors to be  for both trip purposes, and this distance was selected as the basis for
estimated. In Equation D; (the number of elemental work or shop  determining the feasible attraction choice set of zones for each
attractions in zong) is not easily quantifiable. However, we can production zone.

proxy D; by a set of observable size variables such as employment 4. The feasible choice set was identified for each production zone;
in zong or land area of zorjeLetd, represent a vector of proxy size  six candidate attraction zones (but not the actual chosen attraction
variables for zonpand letd be a corresponding vector reflecting the  zone) were selected randomly from the feasible choice set for each
contribution of the proxy size variables to the actual zone}ize  trip production and the actual chosen attraction zone was added to

Then Equation 1 can be rewritten as these six randomly chosen alternatives (for a total of seven attraction-
end alternatives).
Ujq = WZjq + nlog(8'd;) + eiq (2 5. Each trip production in the trip file was replicated seven times

) ) . ) and each attraction-end alternative generated in the previous step
The magnitude of the parametgin Equation 2 characterizesthe 4 anpended to one of the seven replicated records of each trip
presence of common unobserved zonal attributes (such as Conge?)'roduction.

tion levels or park_ing f_ivailability) affecting the attractiveness of 6. The impedance values by all available modes for the produc-
elemental alternatlves na z.omaj(q.. . . tion-attraction zone pair of each record in the replicated trip file were

¢ Thehprobablllfty that '.nd'V'dléad‘ will choose qb?stll‘natlor) zone appended from the zone-to-zone impedance file; the impedance val-
g:r%:mils;gé c;sattractlon-en zones accessible from zomety ues were available by four time periods in the day and the values cor-
responding to the time-of-day of each trip productions was selected

eVia for appending.
Ria = 5 e ©) 7. The zonal attributes of each candidate attraction end alternative
,-% were appended from the zonal demographics and land-use file.

The model specified in Equation 3 may appear to be the familiar  The final sample files included 7,337 trip cases (7337 51,359
multinomial logit model. However, this is not the case: the expressionecords) for the home-based work purpose and 7,963 trip cases

in Equation 3 includes the componeyiog(d'd). Thus, the model (7 963x 7 = 55,741 records) for the home-based shopping purpose.
takes the form of a nonlinear-in-parameters multinomial logit model.

The estimation of the model represented by Equations 2 and 3 is
accomplished by using the maximum likelihood method. Maximiza- \/AR|ABLE SPECIFICATION
tion of the log-likelihood function is achieved by using the GAUSS

matrix programming language. This section discusses the explanatory variables considered in the

analysis and the functional form used for them. Six sets of explanatory
variables were considered for inclusion in the attraction-end choice
models: § impedance variablesh)(zonal size measures) ¢onal

. - attractiveness measured) (zonal location indicatorsg) a zonal
The data source for this study was a household activity survey con-, )¢ eX

ducted by the Central Transportation Planning Staff (CTPS) of theSpe.1tia| stru_c tu_re measure, arfd (nteraction of soci_odemographic
Boston Metropolitan Organization in April of 1991. The survey col- variables with impedance and zone-associated variables.
lected data on sociodemographics of the household and each individ-
ual in the household. The survey also included a one-day (midwee
working day) activity diary to be filled out by all members of the
household more than 5 years old. The sociodemographic information . . . . . .
and the activity information were assembled in a person/householdThe |mpedance v_arlables include in-vehicle travel time (|VTT)' out-
sociodemographic file and a trip file, respectively, by the cTPs,  °f-vehicle travel time (OVTT), and travel cost (COST). The imped-
The Boston metropolitan area is divided into 986 traffic zones. &NC€ measures were obtained from the CTPS for each zonal pair and
CTPS provided a zonal demographic and land-use file containing®y four time periods of the day. The appropriate impedance measures
zonal attribute data for each of the 986 traffic zones. CTPS also pro\Vere appended to each production zone—candidate attraction zone
vided a zone-to-zone travel impedance file for travel between eachPair based on the time period of the individual trip. The impedance
zone pair in the region. variables were defined for each available mode between the produc-
The sample used for this analysis was generated from the survefion zone and the candidate attraction zone and were undefined for

trip file, person/household sociodemographics file, zonal demo- Unavailable modes.
graphics and land-use file, and zone-to-zone impedance file. The Three issues were addressed in the introduction of the impedance

steps in the sample formation process are as follb®)s ( variables in the attraction-end choice modeling. First, substantial
multicollinearity was found among different impedance measures
1. Home-based work and home-based shopping trips were selectelVTT, OVTT, and COST) for each travel mode. Second, differen-
from the trip file and the origin-destination ends of each trip were tial modal availabilities for different zone pairs required considera-
converted to production-attraction ends. tion. Third, a functional form for the introduction of the impedance
2. The travel survey trip file was matched with the person/ effect in the choice modeling had to be developed.
household sociodemographic file to append the sociodemographic The issue of collinearity in IVTT, OVTT, and COST was resolved
characteristics of the individual to each of her or his trip productions. by converting OVTT and COST into equivalent IVTT units for each

DATA SOURCE AND SAMPLE USED

lﬁmpedance Variables
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available mode. The universal set of modes included highway, tran-that indicate the relative weights placed on transit and walk modes,
sit, and walk (the bike mode accounted for very few trips for both respectively, relative to highway as the mode of trav@>IfL (3 <

work and shopping purposes and so is not considered here). Tha) then the highway mode dictates attraction-end choice more (less)
equivalent IVTT units for each available mode (for each zone pair) than the transit mode (when both modes are available). Similarly, if

was computed as follows: y> 1 (y< 1) then the highway mode determines destination choice
more (less) than the walk mode (when both modes are available).
C (equivalent highway IVTT units) = Highway IVTT The relative importance between the transit and walk modes can be

determined by comparing the valuesodindy. The transit mode
determines choice more or less than the walk mode depending on
T (equivalent transit IVTT units) = Transit IVTT whetheB <yorp>y.

The third issue in the introduction of travel impedance is the func-
tional form for the effect of composite impedance on utility. The two
W (walk impedance) = A * Walk Time (4) forms considered were the linear form and the log-linear form, both

of which have been used in earlier studi#g).(The linear form

In this expression, values férandA were obtained from work  implies that the marginal deterrence due to travel impedance is inde-
mode choice modeling among motorized modes. The ratio of thependent of the existing impedance level, and the log-linear form
parameters for out-of-vehicle time and in-vehicle time from work implies that the marginal deterrence decreases as the existing travel
mode choice estimation was 1.75 and this value was appli€d for impedance level increases (i.e., a constant increase in the compos-

The money value of in-vehicle travel time was found to be $4 per ite impedance has a higher deterrence when the initial impedance
hour in the mode choice modeling. This translates to an equivalentevel is low than when the initial impedance level is high).
of 0.15 min of IVTT for each cent of travel COSt, which is the value The determination of the value fb(re|ated to the first issue) and

emplo_yed forA (travel times are measured in minutes and cost in the values foB andy (associated with the second issue), and the
cents in the data). The valuedshould be between 1 and 1.75. If  fynctional form for the composite impedance term (associated with
A =1, this implies that the disutility of 1 min of walk time is the  ne third issue), was based on empirical estimation. The probability

same as 1 min of in-vehicle time on motorized modesA1L. 75, that a trip production from zorevill be attracted to zonigs given
the disutility of walk time is considered to be the same as OVTT on by the following nonlinear-in-parameters multinomial logit model

motorized modes. The appropriate value fowas determined
through empirical estimation.

+ 0 * Highway OVTT + A * Highway Cost

+ 0 Transit OVTT + A * Transit Cost

(ignoring the effect of other nonimpedance measures):

The second issue in the introduction of the impedance variables ot ()
related to the differential modal availability among zone pairs. The Rj = S () (6)
highway mode is available for all zone pairs in the Boston metro- Z

politan area. However, the transit and walk modes are not avail-

able universally. Consider a production zérad two candidate  wheref (H;) = H; for the linear functional form arfH;) = In(H;)
attraction-end zongsandk. Let the highway impedanc& and for the log-linear functional fornt; is the composite impedance as
Cic (in equivalent IVTT units as computed from Equation 4) be the given by Equation 5 for travel from zon® zong anda is the coef-
same and let zorlebe served by only a subset of the modes that ficient on the composite impedance term. The model in Equation 6
serve zong. Then the overall impedance assigned for travel from \yas estimated with a specialized maximum likelihood code written
zonei to zonej should be lower than that assigned for travel from i the GAUSS matrix programming language using the individual
zonei to zonek. This fundamental principle may be accommodated cpojce sample assembled for the attraction-end modeling. The

by specifying a composite impedance for travel using a parallel model was estimated for three predefined valuaofl, 1.35, and
conductance formula. To develop this formulation, define a transit ; 75 For hoth the linear and log-linear forms, little sensitivity was

availability dummy variabley, (for each zone pair) that takes a  ¢4nq in the log-likelihood function at convergence or in the esti-

value of 1 if transit is f'available for trfavell petween the zone pair and 1 4ted values fo andy to the value ofA used. The best results,
0 otherwise. Also define a walk availability dummy varighléhat however, were, obtained wha=1.00 for both the linear and the

takes a value of 1 if walk is available and 0 otherwise. Theosite log-linear form. Between the linear and log-linear functional forms,

impedance is then written as the log-linear form was found to perform substantially better. The
final results of the estimation in this log-linear specification were as

| |
i _ .\ c o follows: 3 =1.0752 andy =0.8779 for the work purpose afid=
H = (1= )0 ya) C + %1 - y)D + QD 1.6155 angy =0.9988 for the shopping purpose. All these estimates
El T E (excepty for the shopping purpose) were highly significant in their

difference from the value of 1. These results indicate that, for both

H c H H c H the work and shopping purposes, the highway mode determines
+ Yu(l- y[)DTD+ YWwl—¢ ¢U ®) attraction-end choice more than the transit mode, but the walk mode
*wiH *8 FwiH determines choice more than the highway and transit modes. How-

ever, for the shopping purpose, the difference in the effects of the
If both transit and walk are unavailable, the first term applies and highway and walk modes are not statistically different. By using the
the composite impedance is equal to the highway impedarite estimates oB, y0, andA, a composite impedance value (in equiva-
transit is available, but walk is not, the second term applies. If walk lent highway in-vehicle time units) was computed using Equation 5
is available, but transit is not, the third term applies. If all modes areand introduced in a log-linear form along with other exogenous
available, the fourth term appligsandy are positive parameters  variables discussed below.
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Zonal Size Measures 1

The zonal size measures considered in the analysis included total
zonal employment for the home-based work purpose and retail plus
service employment and zonal area for the home-based shopping
purpose. The size variables represent proxy measures of the num-
ber of elemental destinations within a zone and so the expectation
is that large zones more likely will be chosen as the attraction-end
than small zones.

w

Zonal Attractiveness Measures @
a

The zonal attractiveness measures included percentage unemploy-

ment rate and crime rate for the home-based work purpose, and crime

rate for the home-based shopping purpose. The percentage un-

employment rate was obtained from the Department of Employment

and Training 13). The unemployment rate represents the percentage 5

of individuals in the labor force residing in the zone who are not

employed. Crime rate information was obtained from a report by the

Massachusetts State Police Crime Reporting Udjt Crime rate

was measured as the total number of police-reported crimes for 1992.

Zonal Location Indicators

The zonal location indicators represent the geographic location of a 4

zone relative to the location of the Boston central business district )

(CBD). The CTPS developed a ring system of geographic location.

Ring 0 includes the zones in and immediately around the Boston FIGURE 1 Spatial structure

CBD. Ring 4 encompasses the rural zones in the periphery of the effects: @) spatial arrangement

Boston metropolitan region. Rings 1, 2, and 3 lie in between. For each 1, (b) spatial arrangement 2.

zone, a value of 1 was assigned for the ring variable to which the zone

belonged and a value of 0 was assigned for the other ring variables.

These ring variables capture the effect of miscellaneous attractiveneste first configuration because individuals may want to avoid conges-

(or unattractiveness) attributes associated with geographic location. tion costs in and around a group of zones with several complementary
shopping locations in close proximity to each ottié))(An alterna-

tive possibility is that the choice probability of Zone 1 is higher in the
Zonal Spatial Structure Measure second spatial pattern than in the first because of agglomeration
effects. The presence of several closely clustered opportunities for
The zonal spatial structure variable is used for the home-based shopshopping may provide individuals at zonwith a perception of
ping purpose. This variable is used to accommodate the impact of th@reater variety (even if this were not actually the case) or more oppor-
location pattern of shopping attraction-end zones. FotheringtBm ( tunity for comparative shopping. In practice, either competition effects
provided motivation for the inclusion of such a variable. Consider the Of agglomeration effects may be present and the appropriate effect can
attraction-end choice of an individual at zdria the two spatial be inferred from estimation. To do so, the proximity of a candidate
arrangements in Figure 1. All the possible attraction-ends (Zones 1attraction-end zongto other shopping opportunities is specified by
through 5) are equally distant from zéed are identical in all other ~ USing & Hansen-type accessibility measuig (
respects (i.e., they all are of the same size and attractiveness). The tra- ) o
ditional gravity quel would then_estlmate the same trip |nterchapge M. = %Z DIOQ}T_ % ©)
volumes from zoneto each attraction zone. At a disaggregate choice < HOQ I
level, the implication is that the probability of attraction-end choice
for a trip produced at zorés the same for all the Zones 1 through 5. where
However, the positioning of the attraction zones relative to one
another may have an impact on the choice probabilities and hence on
aggregate trip interchanges. One possibility is that the choice proba-
bility of Zone 1 may be higher in the first spatial configuration than in
the second because of competition effects. Zone 1 may occupy a
unique location in the cognitive perception of individuals in 2one Large values of the proximity variable indicate more opportunities
the first spatial pattern. Equivalently, Zone 1 competes less with otherto shop in close proximity of that zone, and small values indicate
zones in the first pattern, and there is more competition among otherones that are spatially isolated from other shopping opportunities.
potential zones (2 through 5). Also, Zone 1 may be more attractive inAs in the competing destination formulation of Fotheringhag) (

R = sum of retail and service employment in zb(eproxy for
shopping opportunities in zohg
H; = composite travel impedance between zdraeslj, and
L = total number of zones in the Boston metropolitan area.
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and Borgers and Timmermaris7j, the utility of an attraction-end by the total zonal employment; the parameter on total zonal employ-

zonej is specified as a linear function of the proximity variable as mentis normalized to 1 because it is the only size measure employed
oM, whereg is a spatial structure parameterp K 0, zones in close  in home-based work modeling. The sign on the size variable param-
proximity to other shopping opportunities have a lower utility than eter indicates that zones with high total employment are more likely

zones in spatial isolation and competition forces dominate. On theto be chosen as the attraction-end (relative to zones with low total

other hand, ifp > 0, zones in close proximity to other shopping employment). The coefficient on the size variable represents an

opportunities have a higher utility than zones in spatial isolation andinclusive value characterizing the presence of common unobserved
agglomeration forces dominatelf 0, this indicates either absence  zonal attributes affecting the utility of elemental alternatwisin

of spatial structure effects or equally strong agglomeration and com-& zone. The parameter is close to 0, indicating there aszasev
petition effects that cancel each other. unobserved zonal attributes that have a common effect on elemen-

tal attractions within the zone. The parameter on the Ring 4 dummy
variable shows a lower attraction-end choice utility for zones in
Interaction of Sociodemographic Variables Ring 4 relative to zones in other rings. . o
with Other Variables The empirical results indicate significant sociodemographic inter-
actions with the composite impedance variable. (The sociodemo-

Previous studies have suggested that zonal attributes and impedan@@phic interactions with Ring 4 and unemployment rate were not

measures might interact with sociodemographic characteristics of thetatistically significant.)
individual in determining attraction-end choice. A consistent finding
in the geographical literature is that women work closer to home than
men because of, among other things, household and childcare respoftome-Based Shopping Attraction-End Choice
sibilities (18,19. Similarly, MaddenZ0) indicated that age appears to
have a negative effect on commuting time, possibly because of physThe column Home-Based Shopping Purpose in Table 1 presents the
iological considerations that increase the sensitivity of older people toestimation results for the home-based shopping purpose.
traveling long distances. There also is considerable evid2h@s)( The sign on the composite impedance measure in Table 1 is as
that higher-income earners travel longer commuting distances. Thisexpected. A comparison of the impedance coefficient between the
may be because commuting is a household cost and it makes econom#opping and work purposes indicates that there is much greater
sense for individuals with low income-earning potential to find jobs sensitivity to travel impedance for shopping relative to work. The
close to their residences. This discussion suggests that we explorgoefficient on the composite size variable for the shopping purpose
interactions of the composite impedance measure with sex, age, ant$ significantly different from 1, indicating that there are unobserved
income of the individual for the home-based work purpose. Although zonal attributes affecting the utility of elemental destinations within
there is less research on the interaction effects of socioeconomic attriothe zone. Among the size variables characterizing the composite
utes with travel impedance for home-based shopping, these effect§ize measure, the parameter on zonal area is larger than that on the
were explored in this analysis. Also considered was the interactionsum of retail and service employment (the coefficient on retail plus
of the socioeconomic attributes with zonal attractiveness/location Service employment is constrained to 1 for identification). The mag-
indicators to accommodate any differential sensitivities of different nitude on the zonal area variable indicates that 25(km#) of
population groups to zonal attributes. zonal area is equivalent to about 5.18 units of retail plus service

The interaction effects involving age and income were introduced €mployment in terms of zonal size representation. The mean value
by creating dummy variables characterizing different ranges of ageof retail plus service employment in the sample is 1,076 and that of
and income and interacting these dummy variables with the com-zonal area is 6.8 kh{2.62 m¥). Effectively, then, zonal area con-
posite impedance measure and zonal attractiveness/location indicalributes substantially less to the composite size measure than does
tors. Such a specification does not constrain the age and incoméhe retail plus service employment measure. The sign on the Ring 4
effect to be linear or monotonic. Further, the use of dummy variablesdummy variable indicates that the utility of a zone not in Ring 4 is
facilitates the application of the estimated model in forecasting greater than a zone in Ring 4. The spatial structure measure is highly
because it is easier to predict trip productions by age and income catsignificant in its effect on attraction-end choice. The negative para-
egories than it is to predict trip productions by the continuous agemeter on this measure reflects the presence of competition forces;
and income value of individuals. that is, zones in close proximity to other shopping opportunities

have a lower utility than zones in spatial isolation.
The sociodemographic interactions with composite impedance are

EMPIRICAL RESULTS statistically significant (the interactions of crime rate and Ring 4 with
sociodemographics turned out to be statistically insignificant). No dif-
Home-Based Work Attraction-End Choice ferences were found in sensitivity among different age groups below

65 years, but individuals older than 65 are more sensitive to impedance

The column Home-Based Work Purpose in Table 1 provides the than their younger counterparts. \WWomen are more sensitive to impe-
parameter estimates and associtgltistics for the work purpose. dance than men and individuals in higher-income brackets are less
The variables that significantly impact work attraction-end choice sensitive to impedance than individuals in lower-income brackets.
include the impedance variable, the composite size variable, the
dummy variable for Ring 4, and the sociodemographic interactions
with the impedance variable. Evaluation of Fit

The parameter signs on all variables are in the expected direction.
A larger impedance between the production zone and a candidatd he fit of the disaggregate choice specifications were evaluated with
attraction-end zone makes it less likely that the candidate attractionthe disaggregate equivalent of the conventional gravity model. The
end zone will be chosen. The composite size measure is representetisaggregate equivalent of the conventional gravity model includes
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TABLE 1 Empirical Estimation Results

Variable Home-Based Work Home-Based Shopping
Purpose Purpose
Parameter t-stat. Parameter t-stat.
Log of composite impedance® -1.3136 -51.04 -1.9366 -86.62
Log of Composite zonal size measure 0.0485 6.80 0.1360 6.67
Total zonal employment” 1.0000 - - -
Zonal retail plus service employment® - - 1.0000 -
Zonal land area (in square miles) - - 5.18 9.35
Ring 4 dummy variable -0.7967 -14.49 -0.9395 -14.08
Spatial structure variable - - -4.3618 -48.00
Socio-demographic interactions with impedance
Female -0.2410 -30.81 -0.0299 -3.09
55 yrs < age < 65 yrs -0.2623 -17.96 - -
age > 65 yrs -0.3881 -13.29 -0.0723 -5.08
20K < income < 60K 0.1469 6.93 - -
income > 60K 0.3443 16.10 - -
60K < income <80K - - 0.0782 5.69
income > 80K - - 0.1478 11.19
Number of Observations 7337 7963
Log-likelihood at zero -14277 -15495
Log-likelihood at convergence -10613 -6962

*The unit of the composite impedance variable is equivalent highway in-vehicle travel time (in minutes).
*The coefficient on this variable is constrained to one in the home-based work model.
¢ All dashes indicate data not applicable.

“The coefficient on this variable is constrained to one in the home-based shopping model.

only the composite travel impedance measure and a single size medives in the choice set. A measure of fit of a model in the estimation
sure, with the coefficient on the size measure constrained®).1 (  sample is th@? value (referred to as the adjusted likelihood ratio
Thus, the choice specifications in Table 1 are more general than théindex or McFadden’s adjustéd; see WindmeijerZ4]) defined as
disaggregate equivalent of the gravity model. follows:

The fit of the models was examined in both an estimation sample -
(used in estimation) and a holdout sample (which is not used in esti- , _ 1- L(B) -Q ®)
mation). The overall trip samples used earlier were split into an esti- L(0)
mation sample (about two-thirds of the trip sample) and a validation R
sample (one-third of the trip sample). Six additional candidate zonalwhereL(3) andL(O) are the log-likelihood function values at con-
alternatives were generated for each trip for a total of seven alternavergence and at equal shares, respectivelyQasdhe number of
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parameters estimated in the model. From a formal statistical fit To illustrate this procedure, defings as the utility presented by
standpoint, the choice specifications in Table 1 are compared withattraction-end zongfor a trip production from zonemade by an
the gravity model by using a nested likelihood ratio test. individual in sociodemographic growpLet H; be the composite

In the validation sample, the choice specifications in Table 1 aretravel impedance from zori¢o zonej, let D; be the composite size
compared with the gravity model by using the predictive adjusted measure for zorjeand letZ; be a vector comprising the Ring 4 dummy
likelihood ratio index. This measure is computed by calculating the variable for the work purpose and the Ring 4 as well as the spatial
predictive log-likelihood function value at the parameter estimates structure measure for the shopping purpgsthen can be written as
obtained by maximizing the estimation likelihood function and then
F:odmputing the corresponding predictive adjusted likelihood ratio Vijs =asInH; + ninD; + ' Z; 9
index.

The measures of fit in the estimation sample are provided in Table 2The coefficient on the impedance variable is subscriptsthéyause
The disaggregate choice specification has a higher adjusted likelihooghe impedance coefficient is a function of sociodemographics. How-
ratio index compared to the gravity model for both the work and shop-ever, the coefficients on the size measure and trector are inde-
ping purposes (retail plus service employment s used as the single sizgendent of sociodemographics, as obtained in the estimation results.
measure for the shopping purpose in the gravity model). The nestecrne probability that zorjds selected as the attraction-end for the trip

likelihood ratio index statistic for testing the choice specifications with .o, production zonemade by an individual in a sociodemographic
the gravity model are 2,247.58 and 2,145.80 for the work and shop pur+

: ! R k _ groupscan be written as
poses, respectively. A comparison of these statistics with the chi-
squared value with 7 degrees of freedom for the work purpose and oVis
8 degrees of freedom for the shop purpose indicates that one can rejeR;s =
the gravity model at any reasonable level of significance.

Table 3 provides the results of the validation exercise. The pre-
dictive adjusted likelihood ratio index is presented in the final row wherek is an index of all feasible attraction-end zones for produc-
of the table and indicates again that the disaggregate choice modeion zonei. This probability is constant across all productions from
clearly outperforms the disaggregate equivalent of the gravity zonei made by individuals in demographic grasid hus, if Oy is
model. This confirms that the results obtained from the estimationthe total number of trip productions from zaneade by individu-
sample are not an artifact of overfitting and are stable. als in sociodemographic grospghe number of these trips attracted

Another interesting point that emerges from Tables 2 and 3 is thatto zongj is given by
the home-based shopping models perform substantially better than

HesDMe"?
Zev.ks - Z His Dy e %

(10)

their counterparts for the home-based work purpose. Tis = QR = QsAsHi‘,-“SDj”e“/Zj 1)
APPLYING CHOICE MODEL TO OBTAIN where
TRIP INTERCHANGES

0 C

o 1 r

The disaggregate choice model results presented in Table 1 can b As = HE=Dle! % C
applied in a straightforward way to obtain aggregate trip interchanges. g ' C

TABLE 2 Measures of Fit in Estimation Sample

Home-Based Work Purpose Home-Based Shop Purpose
Summary Statistic Disaggregate Disaggregate Disaggregate Disaggregate
choice equivalent of choice equivalent of
specification gravity model specification gravity model
Log-likelihood at zero -9517.54 -9517.54 -10330.94 -10330.94
Log-likelihood at convergence -7064.33 -8188.12 -4618.32 -5691.22
Number of parameters 8 1 9 1
Number of Observations 4891 4891 5309 5309
Adjusted likelithood ratio index 0.2569 0.1396 0.5521 0.4490
Nested likelihood ratio test 224758 2145.80
statistic
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TABLE 3 Measures of Fit in Validation Sample
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Home-Based Work Purpose Home-Based Shop Purpose
Summary Statistic Disaggregate Disaggregate Disaggregate Disaggregate
choice equivalent of choice equivalent of
specification gravity model specification gravity model
Log-likelihood at zero -4759.75 -4759.75 -5164.50 -5164.50
Log-likelihood at convergence -2536.40 -2382.00 -2344.92 -2889.44
Number of parameters 8 1 9 1
Number of observations 2446 2446 2654 2654
Predictive adjusted likelihood 0.2526 0.1382 0.5442 0.4403
ratio index

The total interchange from zoht zong then can be computed by
summing this expression over all sociodemographic greups

Organization. The authors thank Karl Quackenbush, lan Harrington,
and others of the CTPS for providing valuable input and feedback

during the course of the research.

Ty = Y QsAGH{*Df'e" (12)
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