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studies, urban developnent analysis, and planning
and evaluation of public services. However, the
analysis of UTPP data indicates a few programrning,
statistical, and bias problens. !'tost of these prob-
lems were resolved before DVRPC used the UTpp as a
data base for trend analysis¡ infor¡nation purposes,
traffic simulation¡ high$ray and transit project
studies, strategic planning, and economic develop-
nent. The errors in the 1980 data are generally
smaller than those found in the 1970 UTpp.

Unlike the 1970 trips, the 1980 trip destinations
were assigneil or coded to block groups and tracts¡
and no effort by DVRPC was needecl to develop or
apply a procedure to allocate the uncoded trips.
HoÌ{ever, empLoyment or trip information should be
adjusted before it is usecl in transportation plan-
ning studies because it does not, include all workers
or jobs.

üost of the 1980 UTPP problems and errors can be
avoided in the L990 census by quality control edit,s
and a careful revíew of the census questionnairer
sanple size, and the conputer programs required for
processing the ínfornation. Specifically¡ the jour-
ney-to-work questions should be simplified to pre-
vent any confusion on the part of respondents on
such quest,ions as tnode of travêI ancl industry clas-
sification. l,l,any confused the access node to subway-
elevated or railroail lines with the principal no¿le
of travel. The questionnaire should be redesigned to
capture rnultinodal trip informatÍon from the place
of residence to the place of vrork. It should also
sinplify the SIC categories to avoid any error or
¡nisunderstanding in the employnent sectors.

The sample size (8.3 percent) for coding e¡ork-
trip destinations should be increased 100 percent,
as originally plânned, to improvê the quality of the
trip matrix used to calibrate trip distribution
¡nodels for travel forecasting and projection.

The for¡nat of the 1980 UTPP tapes is quite con-
plex¡ and the prin! prograrn is not operational for
the Delar,rare vaIley region. This caused extensive
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delays in extractíng the UTpp data. FinaIIy, D.VRPC
received the UTPP alrnost 4 years after the data had
been collectedi a tnore timely release of data is
obviously inportant to alt census dâtâ users.

ACKNOIÍLEDGMENT

This paper was financed in part by FHWA anal UltTA,
U.S. Depart¡nent of Transportation, and by the penn-
sylvania and Nevr Jersey Departments of Trans-
portation.

REFERENCES

I. 1980 Urban Transportation planning package!
Detailed Specifications (revised). Bureau of the
Census, June 1982.

2. A.B. Sosslau. Transportâtion plannersr Guide to
Using the 1980 Census. FHWA, U.S. Department of
Transportation, Jan. 1,993.

3. The Journey-To-Work Trends in the Del"aware
Valley Region 1970-1980. Delaware Valley Re-
gional Planning Commission¡ philadelphia, pa. ¡April 1984.

4. G.V. Wickstrom. Conparison of Census ilourney-To-
lilork Findings with t¡tetropolitan planníng Organi-
zation Data. Presented at 60th Annual ¡qeeting,
Transportation Research Board¡ Washington, D.C.,
1981.

5. R.C. Stuart and È1.R. Hanck. The Census and Urban
Transportation Planning. Final Rêport. U.S.
Department of Transportationr March 1976.

The author ís responsible for the findings and con-
clusions in this paper, which nay not represent the
official view or policies of the funding agencies.

IJses of the Urban Transportation Planning Package from
the 1980 Census in the Denver-Boulder Region

DAVID L. KURTH

ÀBSTRACT

The inÍtial uses of the Urban Transportation
Planning Package in the Denver-Boulder re-
gion are described. lhe five main purposes
for which the data have been used are pre-
sented. lhe processes used to analyze the
data, the results obtainedr difficulties
encountered vrith using the datar and solu-
tions to those difficulties are discussed.
hlhere possible¡ conparisons with results of
the 1970 census or previous travel surveys

are presented. Finally¡ some connents are
made about the qualiÈ.y of the data and their
usefulness in the Denver-Boulder region.

The Urban Transportation planning package (UTpp)
from the 1980 census is a valuabLe source of de-
taileil infor¡nation for transportation planners.
There are nany possible uses of the data including,
for example, recalibration and valiilation of various
portions of regional transportation nodels, carfroolplanning, bus service planning, high-occupancy-ve-
hicle (HOV) lane planning, and bicycle planning.
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Íhe initial uses of the UTPP data in the Denver
netropolitan area are presented. As of ilune J.984¡
t.he data had been avaiLabLe to transportation plan-
ners in the Denver area for I ¡nonths and hail been
used for five ¡nain purposes:

1. Adjustment of socioecononic distributions
used in the regional trip generation ¡nodeI,

2. validation of the work-trip distribution
nodel for the Denver urbanized area,

3. Calibration of a subarea ¡nodel outside of the
Denver urbanized area,

4. Special transÍt studies¡ and
5. Sal-es to developers and ¡narket research fir¡ns.

In additionr several of the tabulâtions were printed
and have been used to answer basic questions about
conmuting in the Denver region [e.9., lÍhat percent-
age of the ldorkers in the Denver centraL business
district (CBD) live within the city of Denver?l Each
of the fíve main purposes will be discussetl in
greater detail in order to present how the data have
been use¿I, the processes used to analyze Èhe data,
difficulties encountered with the data' and solu-
tions to those dÍfficulties. Sone fínal co¡n¡nents
r¿ill be nade about the quality of the clata and their
usefulness in Denver.

fhe Denver Regional Council of Governments
(DRCOG) made the decision to purchase the UIPP data
in early 1983. The decision s¡as based in part on the
need to recalibrate the regional travel nodel. The
UTPP ¿lata will be supplenented by a srnall-scale
travel survey taken in the fall of 1984.

The area covered by the regional travel model for
the Denver-BouLder Standard !{etropolitan Statistícal
Area (SI¡ISA) is shown ín Figure 1. Separate travel
nodels are now ¡naintainecl for the other urbanized
ârêâsr Bouliler and Long¡nontr in the Denver-Boulder
S!,!SA. Because the Bureau of the Census required that
UTPP data be acquired for the entire Sl{fiA, thê 589
traffic zones included in the Denver travel modeling
areâ had to be augnented to include Boulderr Long-
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nontr sone nonurbanized pârts of Adans, Arapahoe,
anil Boulder counties, Douglas County, ancl cilpin
County. A total of 794 traffic zones v¡ere defined
for the entire SllSA.

the extra work required to define traffic zones
outside of the Denver modeling area has already been
beneficial. Three of the ¡nain uses of the data
covered in this paper have requireil the extra data.

AD,]USTIITENT OF SOCIOECONO!{IC INPUTS TO
TRIP GENERAÎION

Once preliminary checks indicateil thaÈ the UTPP data
were consistent and reasonable, they were useal to
recalibrate portions of the regional trip generation
nodel. The DRCOG trip generatíon nodel is a house-
hold-based cross-cLassification rnodel stratified by
inco¡ne group and household size. Population and
househoLds by income category are exogenously fore-
cast for each traffic zone, and two sub¡noélels are
use¿l to convert these exogenously forecast data to a
joint clistribution of householils stratified by in-
co¡ne group and household size.

The first sub¡noilel uses the average househol¿l
size of a zone to estinate the percentage of house-
holds by size in the zone (À,2). The model was orig-
inally calibrated using 1970 census clata lsee Figure
2 (3rTable H-f)]. In order to update the ¡nodel, data
from UTPP tabulation I-9, size of household, v¡ere
used to develop a scatterplot of percentage of total
households versus average household size. The Sta-
tistical Analysis Systern (SAS) was used to simpJ.ify
this work. The onLy inter¡nediate processing requíred
was the aggregation of householils of five, six, and
seven and nore persons into households of five and
¡nore pêrsons and the conversíon of absolute house-
holds by síze to percentage of total households by
s ize.

The raw results of this subnodel recalibration
for one-person households are shown in Figure 3.
Curves were hand fit through each of scatterplots
and adjusted to satisfy two criteria:

Boulder

Adams

¡A
'll¡*':r

-t'"
_ ___._*

Arapahoe \

Jefferson

DENVER REGIONAL
ll{ill:l,Il::;.r{:if MoDELING ARE^

roofo20toal

FIGURE I Denver-Boulder SMSA.
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I PERSON HOUSEHOLD

2 PERSON HOUSEHOLD

3 PERSON HOUSEHOLD

,I PERSON HOUSEHOLD

5 OR MORE

40s

30%

20*

10*

AVERAGE HOUSEHOLD SIZE

FIGURE 2 Distribution of households by average household size
/3, Table H-U.

1. The sun of the
all household sizes had
age household size and

2. The average househoLd size that results at
each point has to be accurate.

The second criterion is not necessarily obvious
(andr in fâctr was violatecl in the subrno¿lel based on
1970 census data). For exanple, suppose that the
average household size for a zone was 2.6 anal that
there are 100 householcls in the zone. Fron Figure 2r
the following households and persons by househol¿l
size night resuLt (the average household size for
householils of five and nore is 5.56):

Household Percentage of No. of No. of
Size Ilouseholds llouseholds PeoÞle
I19L919
2323264
3181854
4L5L560
5+ 16 16 89

I00 286

Obviously, the resulting average household size
is 2.86, not 2.6 as was originally input. rhe re-
sults of this submodel recaLibration are shown in
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FIGURE 3 Percentage of one-person houeeholds versuE average
household size.

Figure 4. It is interesting to note the similarity
in the shapes of the curves based on 1970 and 1980
data. Although the curves are not identicalr their
sinilarity implies a high degree of stability in
thÍs sub¡no¿lel over the past 10 years.

The only problens encountered with the UTpp ¿lata
Ín this work Ì¡ere occasional í11ogica1 average
household sizes. As a check of the ¿lata, the average
household size of five-plus persons !{as conputed
fron the reported totaL househol¿ls, the reporte¿l
average household size¡ and the reported one-, two-,
three-, and four-persons households. This test
shovred that about 17 percent of the householcls with
five-plus persons had an average household size of
less than five. Although this is an il1ogical re-
sult¡ the effect on the subnodel calibration was
ninimal because substantial snoothing of the curves
was requÍred to satisfy the second criterion listed
earlier.

The second submodel is a Fratar or marginal
weighting (å) procedure to adjust the regional joint
distribution of households by income group and
household size to tnatch the marginal distributions
of household by inco¡ne group and households by
household size for each zone. As with the first

I



Kurth

AVERAGE HOUSEHOLD SIZE

FIGURE 4 Percentage of households by average household
size: l9B0 UTPP data.

subrnodel' the inPut regional joint distribution was
based on f970 census data. Data fron UTPP tabulatíon
I-11r household income, vrere sum¡narized for the
region directly from the standard UTPP report. Some

interpolation of the standard inco¡ne ranges usecl in
the UTPP was required to obtain the desire¿l narginal
distribution of Percentage of households by incorne
group.

The joint distribution fro¡n the L980 UTPP can be

co¡npared with the original joint distribution fron
the 1970 census (Table I). Through conparison of
these two distributionsr it is possible to see some

of the socioecononic changes that occurred in the
Denver region between 1970 and 1980' esPecially the
increase in one- and two-person households and ile-
crease in larger househoLds. the data appear to be
reasonabfe and confirm the trenal in decreasing
househoLd size thought to have occurred in Denver in
the 1970s.

VAI.IDAIION OF TITE WORK-TRIP DISTRIBUTION MODEL

The nork-t.rip di6tribution rnodel was calibrated in
1975 based on 1971 travel survey data. Recently'
some questions as to the accuracy and applicability
of the work-triP ttistribution ¡noilel have been raised
by local decision nakers. Some of the questions
arose because of a ¡nisunilerstanding of the basic
travel forecasting Process: observed trip tables are
required for travel forecasting. Other questions

10s

TABLE I Distribution of Households by Household
Size and Income Group

Percentage of Households by
Household Size

Income
Category

1980 Census Data

Total

I 970 Census Data

Total

4
8

t2
4

28

v¡ere raised for valid reasons, for exarnpler The area
has been through two major fuel shortages since
!97L. so how do we know that 1971 travel-rnaking
characteristics still hold in 1984?

In order to test the validity of the work-trip
distribution model' a tri¡rlength frequency distri-
bution conparison was made of the trip table fron
UTPP tabulation Iv-l and the regionally modeled trip
table for 1980. Also direct conparison was nade
bet$reen the tv¡o trip tabLes squeezed to 38 ¿lis-
tricts. These co¡nParisons were faciliÈated through
the conversion of the ulPP data to the Urban Trans-
portation Planning System (UTPS) J-tape or natrix
format. In addition' rvork trÍps by bicycler walk
only, and other neans were renoved from the UTPP

trip table during the refornatting Process. This
work v¡as done to make the UTPP data co¡npatible with
and accessible to UTPS programs. A simple FORTRAN

program was v¡ritten to perforn the conversion of the
UTPP trip tablest the UTPS program !,tBuILD couldl have
been used to convert the data, but the speclal form
of the UIPP data made it easier to use a sinple
FORTRAN progratn to do this work.

Once the UTPP data had been converted to UTPS

¡natrix formatr it was necessary to factor the UTPP

trip tabLes and the nodeled work-triP tables for
1980 to a cornmon total. The work triPsr as rePorted
in the UTPP datar y¡ere used as the control total.
This was done in oraler to co¡npare observeal work
tr ips.

The choíce of the UTPP t,rip toÈal has no effect
on the resultsr because triP palternsr not trip
generationr are being comPare¿l. Howeverr it is in-
teresting to note the factor by which the ¡no¿lele¿l
trip tables were nultiple¿|. Each interchange in the
model"ed trip tabte ¡¡as multiPlied by 0.59, so that
the total proiluctions modeled were egual to the
total UÍPP productions. Assuning tha! about 15 Per-
cent of the v¡orkers Ín the region do not make a lrork
trip on a given day, eíther because of sickness or
because they work on weekends, and assurning a factor
of. L.92 to convert journey-to-nork data to produc-
tion-attraction data norrnatly used in transPortation
models¡ the 0.59 factor inplies that the triP gener-
ation is very reasonable (!). Thís is because the
UTPP data summarize only one-}tay trips made by the
average $rorker, vrhereas the regional motlel sun-
marizes twrway trips naile on the average rrork day.

Figure 5 shows the tri¡rlength frequency diEtri-
bution conparison. AII ho¡ne-based trips ¡nade by
automobile or transit are rePresented in the trip-
Iength frequency distributions even though ¡riodeledl
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FIGURE 5 Comparison of observed and modeled work-trip
lengths for 1980.

highway travel times were chosen as a measure of
seParation. This plot shows that the DRCOG vrork-trip
distribution model is working quite weII and needs
littIe, if any, adjustrnent.

This concÌusion is further supported by the
direct conparison of trip interchanges after both
trip tables had been aggregated to 32 districts. The
high correlation coefficient, 0.93r sho¡sed that fhe
trip tables were highly sÍ¡nilar. Ho¡¡ever, there were
some district interchanges that were significantly
different when the UTPP data and the modeled work-
triP tabLes were compared. An investigation of sone
of the major district interchange discrepancies
showed difficulties with both the UTPP and the
¡r¡oaleled trip tables. In the UTPP data, one zone with
a large ¡nanufacturing plant showed no trip attrac-
tions. On the other hand, the UTPP data revealed
that a najor enployer was fnadvertently o¡nitted from
1980 DRCOG employtnent files. These difficulties
underscore the pr.oblens of comparing large urban
data sets: So¡ne dlfferences are bound to exist due
to rando¡n errors or differences in summarizatíon
processes. Although the differences noted previously
could cause localized proble¡ns with traffic assign-
mentsr they do not by the¡nselves significantly af-
fect average trip lengths or length frequency dis-
tributions in Denver. The regional enployÍient files
have been corrected where differences with the UTPP
data indicated such correction was necessary. Census
Bureau officials have stated that they are willing
to ínvestigate problems reported with the UIPP data
and correct any errors¡ found. Horùeverr this action
has not yet been deemed necessary by DRCOG staff.

CALIBRATION OF A SUBAREA TRAVEL I4ODET

The third najor use of the UTPP ¿lata in the Denver
region was for calibration of a subarea model cover-
ing three com¡nunities just northwest of the Denver
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nodeling area. lheEe rural co¡n¡nunities are now de-
veloping into najor beilroo¡n com¡nunities and ernploy-
ment eenters.

A subarea focusing ¡nodel was cleveloped to analyze
the effects of alternative transportation invest-
ments in these three com¡nunities. Figure 6 shows the
areas covered by the primary¡ seconclary, and ter-
tiary study areas. Most of the primary and secondary
study areas are outside the area nornally included
in the regional travel ¡nodel for the Denver area. As
a result, UIPP data from Tables I-11, household
incorne¡ and III-2, sex by industry, nere used to
provide initial estinates of base-year socioecono¡nic
data. The UÍPP data were sunmarized with a simple
SAS program in order to for¡nat the data into easily
readable tables. Standard UTpp suÍmary reports could
have been useil, but these are sornewhat unwieldly and
difficult to understand.

The second major use of the UTPP ¿¡ata in the
subarea ¡nodel calibration was for the hone-based
vrork-trip distribution ¡nodeI. Trip interchanges for
the entire region were aggregated (and dlsaggregated
where necessary) to naÈch the zone structure used in
the subarea modeL. The resulting trip table was
factored through a Fratar process to natch trip ends
projected by the trip generation model. The result-
ing trip table was directly input into IIIPS progran
AGI¡i in order to calibrate the ho¡ne-based work-trip
distribution ¡nodel. It would have been possible, and
probably rnore appropriate, to caLibrate the work-
trip distribution ¡node1 on the UTPP trip tâble that
was not factored to maÈch the modêled t,rip ends to
ensure that the factoring process did not bias the
results of the calibration.

The final use of the UTPP data in the subarea
model calibration was in the calíbration of nonwork-
trip distribution ¡node1s. A methodology ¿leveloped by
FHWA and presented in a course on urban transporta-
tion planning using the 1980 cengus v¡as usecl in this
calibration process. Basically, the process y¡as as
follows:

1. F-factors for the home-baseil work-trip dis-
tribution model were est,inated using UTPP data;

2. The newly calibrated F-factors were compared
to original home-based work F-factors for the Denver
modelr and proration factors were developed for
each inpedance rangei

3. The proration factors were applied to F-fac-
tors for the nonwork purposes fro¡n the Denver nodel
for each inpedance rangei and

4. The resulting F-factor estirnates for the
nonv¡ork purposes v¡ere then adjusted to develop
smooth F-factor curves.

The F-factors for the originaL ho¡ne-based work-
trip distribution nodel for the Denver region agreed
quite closeLy with the new ho¡ne-based work F-factors
developed fron the UTPP data. As a result, Iittle
adjustnent was required to the nonwork F-fâctors.
Unfortunately, the results of this catibration pro-
cess were not very satisfying. The traffic volu¡nes
in the pri¡nary study area that resultecl fro¡n the
trip tables based on the F-factor estinates were
about twice those observed. The slopes of the non-
vrork F-factor curves had to be increased substan-
tially in order to decrease traffic volume to rea-
sonable leve1s. The final nonwork F-factors used in
the calibraled subarea ¡nodel were substantially
different from the initial estimates based on UTPP
data.

One of the reasons that this process nay not have
worked is that although the coÍì¡nunities are becoming
urbanized, they stil1 retain rural characteristics.
It is quite possible that hone-based i{ork trip nak-
ing is si¡nilar to that noted in the Denver urban
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FIGURE 6 Tri-city subarea.

area (at least in tertns of trip length), whereas
nonwork trip naking for shopping and other purposes
¡night be ¡nuch ¡nore connunity orienteil. Another test.
of this process in an urban subarea ís warrantetl to
determine whether the process is vaLid and where it
can be used.

SPECIAIJ TRANSIT STUDIES AND MÀRKETING OF DÀTA

One of the first uses of the UTPP data was to pro-
vide the Regional Transportation District (RTD) with
data useful in determining potential markets for
transit services. Because a nunber of major suburban
enploynent centers have been built in the Denver

ffi Primary Study Area (57 Zones)

È f:lfl¡fi secondarv studv Area (67 Zones)
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region, the RTD vranted to determine whether there
!ùere any latent transit, markets that were not being
served. llore recently, the city of Aurora, a najor
suburb of Denver, wanted to deter¡nine the same sort
of ínfor¡nation--that is, whether rnajor ernplolrynent
centers in their city were being well servecl by
trans it.

UTPP Tab1e IV-l was used to provide data for both
of these requests. In both câsês¡ the trip inter-
change table that had been converteal to UTPS matrix
format was used. For the RTD, sorne interesting pro-
cessing was done to present the data in a fornat
easily usable for this analysis. Because tr¿o or nore
traffic zones were nornally specified as an employ-
¡nent center, the regional trip interchange table vras
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squeezed in one direction only; that is, the co1-
urnnsr or destinations, of the t,able were aggregate¿l
to forÍ¡ districts that were equivalent to the em-
ploynent centers. The rows of the tab1e, or the
origins, were not aggregated. The UTPS progra¡n UFIqTR
was used to produce a trip interchange report in
column fornat, that is, where trip interchanges are
listed with each origin zone and destination ilis-
trict on a single line. The resulting rectangular
matrices e¡ere output to disk rather than to the
printer by the pro'çlram UF!{TR, ancl the interchanges
were sortecl by increasing nagnitude of interchange.
In this way, the RTD could easily nap and deter¡nine
the largest, potential transit markets that were not
already served by transit for these employnent
center s.

Thís innovative processing was not done for the
city of Aurora. Rather, the trip table nas sinpJ.y
aggregated to districts as specified by the city of
Aurora and printeil in matrix forn. This sirnplified
processing was done for Aurora because the need was
different: City staff wanted to be able to quickly
look up trip interchanges to and frorn the city of
Aurora.

The trip interchange ¿lata have also proved valu-
able to developers in the Denver region. Residential
and corTìnercial developers offer a potential source
of revenue to help recover the cost of the UTPP
data. Just after the RTD request had been conpleted,
a residential developer with several ho¡nesites in
the region requested data on trip lengths in Denver
in order to help design a rnarketing canpaign. The
developer was quite wíIIing to purchase special
reports of the UTPP data after he understood what
was available. The UTPP trip interchange data ¡sere
processed in a manner si¡nllar to that used for the
RTD requestr except that the origins were aggregated
into districts rather than destinations. The origin
districts incluiled traffic zones cornprising and
surrounding the aleveloperrs honesites in the region.
From these ilatar the ¿leveloper was able to target
his ¡narketing campaign to specifíc groups in their
work locations.

FUTURE USES OF THE UTPP DATA

the principal future uses of the UTPP data will be
in the recalíbration of the regional ho¡ne-based
work-trip distribution ¡nodel and the calibratÍon of
subarea travel tnodels. An attempt wiLl be ¡nade to
calibrate a work-trip generation ¡nodef for the cit.y
of Boulder fro¡n the UIPP data. Boulder is an ur-
banized area northwest of Denver that has sorne
special characteristics. Specificallyr the bicycle
mode share percentage is seven times greater than
that observed in the Denver region and the walk-to-
s¡ork node share percentage is three tirnes greater.
Às a resultr hone-based work-trip generation rates
used in normal travel models might be expected to be
substantially lower than those observed in Denver.
At present' it. is envisioned that the UTPP data will
be used to develop work-trip generation models for

Transportation Research Record 9gI

both Denver and Boulder. Because the trip generation
rates fron these nodels wilL be somewhat higher than
that observed in a travel modelr the differences, or
possibly percentages of ilifferencer wilL be apptied
to the regional model to calibrate a usable notlel
for the Boulcler area.

su!.{¡,tARY

UTPP data have proved useful in the Denver region.
fwo of the nost inportant uses have been recaLibra-
tion and validation of various portions of the re-
gional travel ¡nodel. Because of the way i.n which the
journey-to-work questions were asked in the 1980
census, validations of the work-trip generation
¡nodel ancl the mode-split model have been possible
only at a gross 1evel and $¡ere not reported in this
paper. The UTPP has also provided a primary source
of data on areas thaÈ were not surveyed at the tine
of the last large traveL survey. The UTpp data were
successfully used to calibrate portions of travel
nodels for these newly urbanized areas.

Although so¡ne problems with the UTPP data have
been discovereal, they have not been insur¡nountable.
In general¡ the data have been of high quality and,
in fact¡ have helped the discovery of problems with
some of DRCOGTs regional data sets.

One enhancenent to thê UTPP that would make ít
more useful to transportation planners \dould be the
provision of the trip interchange information in
UTPS ¡natrix format. This would elininate the ir-
ritating task of converting the trip interchange
infor¡nation to a forn usable by most readily avaíl-
able analysis progra¡ns. In addition, it would allow
for easy custonizing of reports in terrns of data and
zones reported.
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