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The preparation of this report was funded through federal grants from the U.S. Department of
Transportation’s Federal Highway Administration (FHWA) and Federal Transit Administration (FTA)
the Pennsylvania and New Jersey Departments of Transportation. The authors, however, are solely
responsible for its findings and conclusions, which may not represent the official views or policies of the
Jfunding agencies.

Created in 1965, the Delaware Valley Regional Planning Commission (DVRPC) is an interstate,
intercounty and intercity agency which provides continuing, comprehensive and coordinated planning for
the orderly growth and development of the Delaware Valley region. The region includes Bucks, Chester,
Delaware, and Montgomery counties as well as the City of Philadelphia in Pennsylvania and Burlington,
Camden, Gloucester, and Mercer counties in New Jersey. The Commission is an advisory agency which
divides its planning and service functions between the Office of the Executive Director, the Olffice of Public
Affairs, and three line Divisions: Transportation Planning, Regional Planning, and Administration.
DVRPC's mission is to emphasize technical assistance and services and to conduct high priority studies
for member state and local governments, while determining and meeting the needs of the private sector.

The DVRPC logo is adapted from the official seal of the Commission and is designed as a stylized image
of the Delaware Valley. The outer ring symbolizes the region as a whole while the diagonal bar signifies
the Delaware River flowing through it. The two adjoining crescents represent the Commonwealth of
Pennsylvania and the State of New Jersey. The logo combines these elements to depict the areas served

by DVRPC.
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EXECUTIVE SUMMARY

This report documents the travel models used to simulate 1997 travel patterns for the
Delaware Valley Region. The 1997 highway and public transit volumes documented herein provide
current traffic estimates and model calibrations for most short and long range transportation facility
and planning evaluation. These studies principally include design data and environmental impact
statements, congestion management studies, and air quality/conformity analyses. These simulations
will continue in this capacity until the 2000 Census data are received and evaluated.

The 1997 simulations utilized the 1990 traffic zone structure that was modified to account
for the changes in the census tract boundaries in the 1990 Census. Socio-economic inputs to the
models for 1997 were prepared using updated Census Bureau estimates and other sources. The
highway and transit networks were updated to include facility improvements and new facilities
opened to traffic since 1990. Changes in transit route and service levels were included. The 1997
simulation model runs utilize the validated and recalibrated 1990 travel simulation models. All
available sources of data were incorporated into that update process including a home interview
survey, Census Transportation Planning Package (CTPP) data, nine-county cordon line origin-
destination information, transit ridership counts, highway screenline counts, and vehicle miles
traveled (VMT) estimates.

Each phase of the 1997 travel simulation process is documented. Separate sections in this
report are provided for traffic zone level socio-economic data estimation, external cordon station and
internal trip generation, the preparation of the highway and transit networks, trip distribution, modal
split, and the highway and public transit assignments.

The updated 1990 models and data sets also provided the starting point for a model
enhancement process which was incremental and selective in nature. During the model enhancement
process, anew iterative model structure with separate peak and off-peak time periods was developed.
This model was required by the federal regulations promulgated by the ISTEA (Intermodal Surface
Transportation Efficiency Act of 1991), the Clean Air Act Amendments of 1990, TEA 21
(Transportation Equity Act for the 21* Century) and the Final Transportation Conformity Rule of
1997. As part of the enhanced model implementation process, a preliminary version of the new
model was run in parallel with the validated 1997 model to establish comparability of the results and
to facilitate switching over to the new model for the ongoing travel forecasting work of the
Commission. The 1997 results of the enhanced model are included the last section of this report,
together with a brief description of the model enhancements included in this preliminary version.

The 1997 highway and transit travel assignments for both the validated and enhanced models
show acceptable levels of accuracy when compared to ground counts. These travel simulations
include significant growth in highway travel since 1990, but public transit ridership for the most part
has remained stable at 1990 levels.
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I. INTRODUCTION

DVRPCs travel simulation models follow the traditional steps of trip generation, trip
distribution, modal split, and travel assignment. Generally, these models are similar to those used
in other large urban areas. The DVRPC models have formed the basis for most highway and transit
facility level preliminary engineering studies, alternative tests, long range plan evaluations, and
mobile source emissions calculations for the Delaware Valley Region. Model validation was
achieved for 1980 without substantially changing the models or their parameters; simply by
updating the socio-economic and network inputs to be reflective of the validation year. The 1990
recalibration/validation effort was different, however. It was undertaken as part of a general model
upgrade that was intended to satisfy the new modeling requirements of the Intermodal Surface
Transportation Efficiency Act (ISTEA) of 1991, and the Clean Air Act Amendments of 1990. In
addition, travel data patterns from a home interview and nine-county cordon surveys were available
to supplement the Journey-to-Work data from the Census. These new dimensions made the 1990
model validation/upgrade effort much more comprehensive.

For the 1997 simulation, the basic structure of this calibrated/validated model was retained.
Figure 1 represents the basic travel simulation process used for the model. Several model inputs,
however were revised to reflect 1997 conditions. Demographic and employment data were updated.
Highway and transit networks were edited to reflect new facilities and transit service changes.
Cordon station traffic volumes indicative of 1997 conditions were employed. The models were then
calibrated and validated with 1997 highway traffic volumes and transit ridership volumes.

Chapter II of this report explains the traffic analysis zone system and area types used by the
models. Chapter III documents the demographic and employment data inputs to the models.
Chapter IV and Chapter V deal with the trip generation models. Chapter VI discusses the
preparation of the highway and transit networks. Chapters VIl and VIII explain the trip distribution
and modal split models respectively, while Chapters IX and X present the highway and transit
assignment results.

The 1997 models runs and outputs reported in this document are primarily focused on the
current DVRPC models which simulate daily traffic and transit volumes in a non-iterative fashion.
These models and their underlying socio-economic and network inputs were the starting point for
the overall model enhancement effort. However, considerable progress has been made in
implementing the new iterative, separate peak and off-peak models. These enhanced models have
also been run with the 1997 socio-economic data and transportation networks. Selected outputs
from the enhanced models are also included in Chapter XI of this report.
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II. REGIONAL AREAL SYSTEM

The travel simulation models rely on traffic analysis zones (TAZ’s) to estimate travel
patterns. Population and employment are assigned to these geographic areas. Trips between each
pair of zones are determined and assigned to either the highway or transit networks. For
convenience, DVRPC’s traffic zone boundaries are largely defined by census boundaries.

A. Census Tract Traffic Zone System

The 1990 Census defined 1,312 census tracts within the nine-county metropolitan region.
The 1990 Census geography merged the previously distinct "water tracts"—which depicted rivers,
estuaries and similar features—with adjacent census tracts. DVRPC reapportioned these merged
zones primarily to preserve the integrity of the traffic zone numbering system. Keeping the water
tracts as separate traffic analysis zones also gives the modeler some flexibility in examining the
effects of large, traffic generating developments (called "special generators") within the simulation.

The 1990 Census geography also contained a tract (No. 366) in the City of Philadelphia
which combined tracts and block groups from several previous tracts along the Delaware River.
This had the effect of creating a sprawling tract which extended for some distance along the
developed riverfront. DVRPC split this tract along block group boundaries in order to maintain the
integrity of the zone numbering system and to consider the effects of distinct demographic areas on
adjacent highways and transit lines.

The 1990 Census tracts represented a net increase of 23 tracts over the 1980 Census. An
additional three census tracts are defined in the three municipalities within Berks County
incorporated into the DVRPC study area. Throughout most of the region, these tracts are considered
adequate for regional travel simulation purposes. The twelve census tracts defined for the
Philadelphia CBD, however, do not provide sufficient detail to accurately forecast travel on all of
the modeled highways and transit lines and were split into 54 traffic zones using block group
boundaries.

The transportation planning process requires that these zones be numbered in a consecutive,
unbroken sequence, beginning with the number "1", for the assignment of centroid numbers. The
centroid numbering sequence begins with the 54 zones in the Philadelphia CBD, continues with the
remainder of the City of Philadelphia, and proceeds in the order of the 1970 tract centroids with
Delaware County and Chester County, and clockwise by county around Philadelphia. In order to
maximize the correspondence between the 1980 and 1990 traffic zone numbers, the new tracts added
by the 1990 Census were assigned zone numbers in the same clockwise pattern beginning with 1336.
There are 114 external stations included at the end of the sequence, beginning with centroid number
1396. Of the 39 additional stations provided since the 1980 travel model validation, 24 of these
stations were added in Pennsylvania and 15 were added in New Jersey. Table 1 shows the range of
centroid numbers assigned to each area. Within each county, the centroids are assigned to census
tracts in increasing numerical order. The 1990 traffic zone system was retained for the 1997
simulation.
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Table 1 : Assignment of Centroid Numbers for 1997 Travel Simulation

Area Census County Number Centroid Number Range
Pennsylvania

Philadelphia 101 1-427

— CBD Core 1-12

— CBD Other 13-54

— Remaining 55-427
Delaware County 045 428-585, 1336-1339
Chester County 029 586-686, 1269-1271, 1340-1345
Montgomery County 091 687-872 , 1272-1285 , 1346-1347
Bucks County 017 873-977, 1286-1302, 1348-1351
Berks County 011 1393-1395
External Stations 1396-1457

New Jersey

Mercer County 021 978-1037, 1303, 1352-1353
Burlington County 005 1038-1119, 1304-1330, 1354-1355
Camden County 007 1120-1241, 1331, 1356-1363
Gloucester County 015 1242-1268, 1332-1335, 1364-1392
External Stations 1458-1509

For the 1990 validation effort, the external stations at the nine-county boundary were
carefully reviewed. External stations bordering the added municipalities in Berks County were
replaced by analogous stations at the external boundary of those municipalities. All highways
crossing the expanded boundary with significant daily traffic volumes were selected as external
stations. The 114 stations were assigned centroid numbers, beginning with US 13 (Philadelphia
Pike) in Delaware County and continuing clockwise around the region through US 130 in Gloucester
County. These external stations were reviewed in 1997. Although no new stations were necessary,
traffic volumes at these stations were revised to reflect 1997 conditions. The 1990 TAZ boundaries
for the DVRPC region are shown on Figure 2 and are the same for the 1997 simulation models.

B. The Analysis Area System

Because of the number of zones in the region, it is convenient to summarize information on
the basis of "analysis areas" or groups of zones. Unless this is done, it is virtually impossible to
manage the various steps in the process and to monitor the results. It also simplifies the reporting
of summary data.
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The simulation results are tabulated on the basis of a system of analysis areas called "county
planning districts". Ofthe 72 districts in the DVRPC study area, 71 were developed by each of the
nine counties individually and represent those areas that are commonly used for county planning.
A 72nd district was created to summarize information for the three Berks County municipalities
added to the DVRPC study area for transportation planning and analysis purposes. This system
makes the results of the simulation more usable by local planning agencies, as little or no conversion
will be required when data are passed to member governments for their use.

The 72 county planning areas are shown in Figure 3. Table 2 lists each area with a
description and the numbers of the zones included in the district. These district names were provided
by the county planning staffs. The computer programs that are used in the modeling process to
aggregate and summarize data make use of this equivalency table between zone numbers and the
county planning district numbers.
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Table 2 : County Planning Areas (CPA) and Corresponding 1990 Simulation Centroids

CPA County Name  Description Zone Number Range
1 Philadelphia Center City Philadelphia 1-54
2 Philadelphia South Philadelphia 55-101
3 Philadelphia Southwest Philadelphia 102-126
4 Philadelphia West Philadelphia 127175
5 Philadelphia Lower North Philadelphia 176-195, 198-211, 217-224
6 Philadelphia Upper North Philadelphia 225-231, 253-264
7 Philadelphia Kensington 196-197, 212216, 232-252
8 Philadelphia Roxborough—Manayunk 268-281
9 Philadelphia Germantown—Chestnut Hill 265-267, 282-316
10 Philadelphia Olney—0ak Lane 317-349
1 Philadelphia Near Northeast Philadelphia 350-390, 392-405
12 Philadelphia Far Northeast Philadelphia 391, 406-427
13 Delaware Chester 493-530, 1337, 1396-1400
14 Delaware South Central 473-492, 543-549
15 Delaware South Eastern 428-472, 1336
16 Delaware North Eastern 553579, 1338
17 Delaware North Central 532-542, 550-552, 580
18 Delaware North Western 531, 581-585, 1339, 1401-1405
19 Chester Upper Main Line b86-596, 615-616, 1340
20 Chester Phoenixville 597-603, 613-614, 684
21 Chester Northern 604-612, 1431-1433
22 Chester Downingtown 617-618, 636-637, 639-641, 645, 686, 1271, 1345
23 Chester West Chester 619-629, 635, 638, 1269-1270, 1341-1343
24 Chester Kennett 630-634, 666, 1344, 1406-1411
25 Chester Coatesville 642-643, 652, 654-661, 685, 1423
26 Chester Upper Brandywine 644, 646-651, 653, 1424-1430
27 Chester Avon—Grove 662-665, 667-668, 670-671, 1412
28 Chester Octorara 672-678, 1420-1422
29 Chester Oxford 669, 679-683, 1413-1419
30 Montgomery Upper Eastern 687-705,1272
31 Montgomery Ambler Area 721-730, 1276-1277
32 Montgomery Lower Eastern 731-756, 868-872, 1278
33 Montgomery Conshohocken Area 757-761, 780-787, 1280
34 Montgomery Merions 788-814, 1281-1282
35 Montgomery Norristown Area 762-779, 830, 1279
36 Montgomery Lower Perkiomen 815-829, 852-854, 1283-1284, 1346
37 Montgomery North Penn 706-720, 831-839, 1273-1275, 1285, 1347
38 Montgomery Upper Perkiomen 840-847, 850-851, 1442-1443
39 Montgomery Pottstown Area 848-849, 855-867, 1440-1441
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Table 2 (Continued)

CPA  County Name Description Zone Number Range
40 Bucks Quakertown 928-937, 1444-1445 }
41 Bucks Palisades 938-943, 1446-1454
42 Bucks Pennridge 920-927, 944-945
43 Bucks Central Bucks West 915-919, 951-956, 1292-1294, 1348
44 Bucks Central Bucks East 946, 949-950
45 Bucks New Hope 947-948, 1455-1457
46 Bucks Centennial 906-914, 957-959, 1289-1291, 1295-1298, 1349
47 Bucks Newtown 960-963, 1299, 1350
48 Bucks Bensalem 873-878, 903-905, 1286-1288
49 Bucks Middletown 892-902
50 Bucks Pennsbury 964-977, 1300-1302, 1351
51 Bucks Bristol 879-891
52 Mercer Trenton 978-1001
53 Mercer Ewing & Lawrence Twps. 1015-1023
54 Mercer Hamilton Twp. 1002-1014, 1352, 1478
55 Mercer Hopewell Twp. & Pennington 1024-1027, 1458-1463
Boro
56 Mercer Hightstown, East Windsor & 1034-1037, 1303, 1469-1477
Washington Twps.
57 Mercer Princeton & West Windsor Twps 1028-1033, 1353, 1464-1468
58 Burlington River Front Region 1038-1045, 1055-1073, 1075-1078, 1304-1305,
1307-1309
59 Burlington South Central Region 1046-1054, 1095-1107, 1116-1119, 1306, 1317-
1318, 1322-1330, 1354-1355
60 Burlington North Central Region 1074, 1079-1088, 1310-1316, 1479-1483
61 Burlington Mount Holly Region 1089-1094, 1108-1110, 1319-1321
62 Burlington Pine Barrens Region 1111-1115, 1484-1489
63 Camden River District 1120-1158, 1185-1188, 1239-1241
64 Camden Cooper Valley District 1159-1172, 1198-1201, 1214-1215, 1356-1358
65 Camden White Horse District 1173-1184, 1192-1197, 1202-1204, 1211-1213,
1216-1221, 1230
66 Camden Lower County District 1231-1238, 1331, 1361-1363, 1490-1494
67 Camden Freeway District 1189-1191, 1205-1210, 1222-1229, 1359-1360
68 Gloucester Deptford 1242-1245, 1250-1254, 13321334, 1364-1374
69 Gloucester Greenwich 1246-1249, 1264-1268, 1504-1509
70 Gloucester Mantua & Harrison 1255-1258, 1335, 1375-1386
71 Gloucester Glassboro—Clayton 1259-1263, 1387-1392, 1495-1503
72 Berks Boyertown Area 1393-1395, 1434-1439
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C. Area Type Classification

Also common to each of the travel demand models is the system of area type codes that were
calculated for each internal zone in the region. This is a critical item of information in the process,
as it affects all four steps of the travel forecasting process. It is used to select the coefficients in the
trip generation analysis, set the terminal and intrazonal travel times for the distribution models,
define the diversion curves that are to be used in the mode choice analysis, and set the link
parameters for the highway traffic assignment (these features will be explained in detail in the
appropriate portions of this document). In addition, the area type code creates a useful means for
interpreting summary data.

Areatype is an indicator of the intensity of travel activity occurring in a zone rather than zone

size, land use, etc.. This intensity of activity is measured by computing the following factor for each
zone:

(Population) + 2.37 * (Employment)
(Land Area, in Acres)

Factor, o =

The employment multiplier of 2.37 used in this equation is empirically derived, and was
calculated by dividing the number of trips produced per resident ( total population) by the number
of trips generated per employee in 1980 and was not changed for the 1997 simulation. The value
ofthis computed factor, falling within a specified range, establishes the area type for each zone. The
six area types and the range of factor values are shown in Table 3.

Table 3 : Area Types and Corresponding Range of Factor Values

Code Area Type Factor Range
1 Central Business District (CBD) 200<o
2 Fringe of CBD 120<e< 200
3 Urban 25<0<120
4 Suburban 4<a<25
5 Rural 0.5<a<4
6 Open Rural 0<a<0.5




Page 14 1997 Travel Simulation in the Delaware Valley Region

In addition to these changes, however, the zones corresponding to census water tracts also
required area type values. Since the population and employment within these zones are zero, they
were generally assigned area type codes equal to those of adjacent zones. Since water tracts neither
produce nor attract trips, there is no net effect on the model of making these assumptions.

Modelers using the water tracts to consider the effects of special generators or for other
purposes, however, need to be familiar with these area type values and their effects on developing,
distributing and assigning trips to and from the water tracts to be used. Three data items are required
for the calculation of zonal area types — population, total employment, and the zone size in total
acres (to the nearest tenth). The 1997 frequency distribution of traffic zones by area type is given
in Table 4. These statistics reflect the characteristics of the area type codes used in the travel
modeling process. Area type codes were not considered final until they were color coded on a
regional zone map and checked for reasonableness. It was considered necessary to adjust only 20
of the 1,395 zonal values as a result of this review. Figure 4 is a map of the DVRPC zonal system
showing the 1997 area type for each internal zone.

Table 4 : 1997 Frequency Distribution of Traffic Analysis Zones by Area Type

Area Type Code Description Frequency
1 CBD 38
2 Fringe 12
3 Urban 417
4 Suburban 700
5 Rural 195
6 Open Rural 33
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III. SOCIO - ECONOMIC DATA

A. Demographic Data

The demographic inputs to the travel simulation process were prepared for each Traffic
Analysis Zone (TAZ) by DVRPC staff based on DVRPC board adopted municipal forecasts using
the shift-share method. The methodology and detailed TAZ level estimates are included in the
commission report entitled, "1997 Zonal Population and Employment Estimates," January 1999.

B. 1990 to 1997 Demographic Trends

The 1990 Census showed that the major trends toward suburbanization of the region
continued during the 1980's. The 1997 demographic estimates continue these trends. These changes
in the distribution of regional activity have major implications for the transit and highway facility
volumes produced by the travel simulation. Table 5 depicts the estimated population growth in the
region during the last seven years. It shows that rural counties such as Bucks, Chester, Burlington,
and Gloucester continued to grow significantly in population, while older areas, principally
Philadelphia and urban parts of Delaware, Camden and Mercer counties continued their population
decline. Overall, the Pennsylvania portion of the nine county region grew by 0.9 percent during the
1990s, while the New Jersey counties grew by 3.8 percent. The region as a whole grew by about
89,000 persons (1.7 percent) between 1990 and 1997. The added Berks County municipalities also
grew by a combined 1.6 percent (roughly 200 persons) during this time period.

This trend toward suburbanization is also apparent in the occupied housing unit estimates
given in Table 6. Rural counties grew rapidly and urban counties declined or remained relatively
stable. However, the regional total of occupied housing units has increased by 2.3 percent which
represents a decreased rate of growth relative to the growth rate experienced during the 1980s. This,
however, also reflects the continued reduction in family size experienced during the 1980s. Since
trip generation rates are based on occupied housing units rather than population, this phenomenon
causes the simulated travel to grow at a higher rate than the population, though this is consistent with
observed behavior.

Another major indicator of the propensity to travel is vehicle ownership, represented in this
instance by the number of automobiles/personal transportation vehicles per household. Table 7
shows that the regional total of personal transportation vehicles in service increased by 6 percent —
roughly twice the rate of growth in occupied housing units — with the highest growth rates
occurring in the rural counties. Table 7 also shows that this increase in vehicles was concentrated
in two-vehicle and three or more vehicle households.

The final demographic trip production variable considered in the trip generation model is
employed residents. This variable is used to estimate the number of work trips produced by the
residents of each TAZ. This variable (see Table 8) exhibits the trend towards suburbanization noted
previously, although all counties except Philadelphia experience some growth in employed residents
between 1990 and 1997.
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Table 5 : 1997 DVRPC Population Estimates by County
1990 1997

Census DVRPC 1990-97 Change
County Counts Estimate Absolute Percent
Bucks 541,174 586,790 45,616 8.4%
Chester 376,396 418,035 41,639 11.1%
Delaware 547,651 547,843 192 0.0%
Montgomery 678,111 713,971 35,860 5.3%
Philadelphia 1,645,000 * 1,555,000 * -90,000 *  -5.5%
TOTAL PA 3,788,332 3,821,639 33,307 0.9%
Burlington 395,066 419,142 24,076 6.1%
Camden 502,824 509,149 6,325 1.3%
Gloucester 230,082 246,215 16,133 7.0%
Mercer 325,824 335,034 9,210 2.8%
TOTAL NJ 1,453,796 1,509,540 55,744 3.8%
TOTAL 5,242,128 5,331,179 89,051 1.7%
REGION
Berks (portion) 12,798 13,005 207 1.6%

* The City of Philadelphia has challenged the results of the 1990 Census, contending that the final count
of 1,585,000 did not include at least 60,000 residents. Given this level of undercount, the 1990 and 1997
population for Philadelphia is estimated to be 1,645,000 and 1,550,000 respectively, The distribution
among Philadelphia’s 12 planning areas is based on the City’s analysis of population and households.
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Table 6 : 1997 DVRPC Household Estimates by County

1990 1997

Census DVRPC 1990-97 Change
County Counts Estimate Absolute Percent
Bucks 190,507 208,373 17,866 9.4%
Chester 133,257 149,953 16,696 12.5%
Delaware 201,374 202,894 1,520 0.8%
Montgomery 254,995 269,773 14,778 5.8%
Philadelphia 624,858 * 594,094 * -30,764 * -4.9%
TOTAL PA 1,404,991 1,425,087 20,096 1.4%
Burlington 136,554 146,277 9,723 7.1%
Camden 178,758 182,265 3,507 2.0%
Gloucester 78,845 84,789 5,944 7.5%
Mercer 116,941 121,243 4,302 3.7%
TOTAL NJ 511,098 534,574 23,476 4.6%
TOTAL 1,916,089 1,959,661 43,572 2.3%
REGION
Berks (portion) 4,744 4,846 102 2.2%

* The 1990 and 1997 households have been adjusted based on the City of Philadelphia's challenge
of the 1990 Census population. See footnote for Table 5.
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Table 8 : 1997 DVRPC Employed Resident Estimates by County

1990 1997
Census DVRPC 1990-97
County Counts Estimate Absolute  Percent
Bucks 284,984 306,375 21,391 7.5%
Chester 198,869 219,093 20,224 10.2%
Delaware 266,760 268,409 1,649 0.6%
Montgomery 359,659 376,445 16,786 4.7%
Philadelphia 657,387 628,925 -28.,462 -4.3%
TOTAL PA 1,767,659 1,799,247 31,588 1.8%
Burlington 209,378 219,111 9,733 4.6%
Camden 239,526 242 417 2,891 1.2%
Gloucester 112,964 121,649 8,685 7.7%
Mercer 166,688 170,839 4,151 2.5%
TOTAL NJ 728,556 754,016 25,460 3.5%
TOTAL 2,496,215 2,553,263 57,048 2.3%

REGION

Berks (portion) 6,797 6,917 120 1.8%
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C. Employment Data by Place of Work

The travel demand estimates from the simulation model also require estimates of
employment at work site TAZs for different types of work as stratified by the Standard Industrial
Classification (SIC) system (see Listing). The methodology used to prepare these estimates of 1997
employment is also given in the January 1999 commission report referenced above.

Standard Industrial Classifications (SIC’s)

Agriculture, Forestry and Fisheries
Mining

Construction

Manufacturing

Transportation, Communications and other Public Utilities
Wholesale Trade

Retail Trade

Finance, Insurance and Real Estate (Fire)
Service

Government

Military

=S R s Stk b

—_

D. 1990 to 1997 Employment Trends

A comparison of employment growth trends by county (see Table 9) shows a continued
suburbanization of the job base first observed during the 1970s. While employment in Philadelphia
may have grown slightly during the 1980s, it was outpaced by the significant employment growth
experienced in the suburban and rural portions of the region and declined by 6.1 percent between
1990 and 1997. As noted in the demographic trends, the most rapid growth occurred in the more
rural counties (Bucks, Chester, Burlington, and Gloucester); however, all suburban counties made
significant employment gains during these seven years.

These trends in the demographic and employment inputs to the simulation process indicate
significant changes in the traffic patterns and public transit ridership within the DVRPC region.
These evolving travel patterns are clearly indicated in the 1997 traffic and transit ridership counts.
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Table 9 : 1997 DVRPC Employment Estimates by County

1990 1997
Census DVRPC 1990-97

County Counts Estimate Absolute Percent
Bucks 245,345 264,006 18,661 7.6%
Chester 197,752 224,179 26,427 13.4%
Delaware 230,459 234,405 3,946 1.7%
Montgomery 457,500 485,434 27,934 6.1%
Philadelphia 836,874 786,015 -50,859 -6.1%
TOTAL PA 1,967,930 1,994,039 26,109 1.3%
Burlington 191,345 201,145 9,800 5.1%
Camden 227,933 230,782 2,849 1.2%
Gloucester 86,079 97,866 11,787 13.7%
Mercer 220,592 230,275 9,683 4.4%
TOTAL NJ 725,949 760,068 34,119 4.7%
TOTAL 2,693,879 2,754,107 60,228 2.2%
REGION

Berks (portion) 7,247 7,396 149 2.1%
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IV. EXTERNAL TRIP GENERATION

A. External Station Selection

A total of 114 cordon stations were utilized for the 1997 model. The locations of all 114
cordon stations are shown in Figure 5. In addition to those above, certain stations are located
slightly beyond the boundary of DVRPC's nine county region to take advantage of route
convergence or to simplify the analysis. The concepts involved in defining cordon stations have not
changed much from the initial development of the travel simulation models. Many of these stations

“have traffic count records dating back to 1970 or earlier.

Sufficient stations are defined to intercept at least 95 percent of the total traffic crossing the
cordon line around the DVRPC region. The station numbering system begins at the Delaware River
in the southwest quadrant of the region and proceeds in a clockwise direction through the
Pennsylvania Counties and then the New Jersey Counties ending with the 114th station, which is US
130 in Gloucester County, New Jersey. These cordon station numbers are the same as those used
in the 1990 travel simulation model runs (and were last updated in 1987).

Philadelphia International Airport, although not on the cordon boundary, provides a portal
for very large amounts of daily external-local person travel by both highway and transit. In order
to model the effect of this facility on regional travel patterns, zone number 1510 was assigned to the
airport and observed travel to and from this facility was distributed with the external-local, auto
driver trips in the simulation process.

B. Estimation of 1997 Traffic at Each Station

For each of the 114 external stations, 1997 total daily traffic (i.e., AADT) was estimated by
extrapolating pneumatic tube traffic counts taken during the calendar year 1995. These counts were
then factored to represent the annual average of daily traffic volume using annualization factors
provided by PennDOT and NJDOT. For both Pennsylvania and New Jersey cordon stations, growth
in traffic has been substantial, averaging about 9.7 percent over the 1990 count values. This growth
in trips across the cordon is much faster than the growth rate for trips throughout the region as a

whole, reflecting the rapid growth in the rural areas adjacent to the cordon that occurred during the
1990s.

The model considers cordon roads as being either “Freeway/Parkway” or “Arterial/Local”.
These groupings are also shown in Table 19 of the DVRPC report entitled, "1990 Validation of
DVRPC Travel Simulation Models," October 1997. For the most part, the classification of each
cordon station was obvious. One exception was US 202 at the Delaware State Line. Although
constructed as an arterial, in its trip length frequencies are more characteristic of a freeway,
providing access to King of Prussia and beyond via the US 202 Expressway.

As part of the 1990 travel simulation model update, the highway and transit cordon stations
were reconciled, with provision for 114 comparable stations also included in the transit network.
This was done primarily to standardize the highway and transit trip matrix sizes at 1510 zones,
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thereby streamlining the travel simulation process by eliminating unnecessary conversions between
the highway and transit trip table structures.

For those highway cordon stations which are served by buses, the highway cordon station
number was included in the transit network coding. Rail facilities crossing the regional boundary
are assigned the nearest available highway cordon station number. Highway cordon stations
completely unserved by transit are omitted from the transit network. Table 19 of the 1990
Validation Report presents a listing of the transit cordon stations, together with the estimate of 1990

transit riders observed at the cordon crossing.

Because NJ TRANSIT and certain SEPTA rail services operate along Amtrak rail lines
serving stations jointly with Amtrak, the model must replicate the patronage levels associated with
the unique markets for each service. NJ TRANSIT and SEPTA appeal to the traditional urban
commutation market, offering frequent and relatively inexpensive service. Amtrak, on the other
hand, caters to the intercity travel market offering more comfortable and faster service to major
destinations both within and beyond the regional cordon. The dilemma in recognizing both forms
of service within the model arises when the mode choice utilities are calculated. Depending on the
relative impacts of higher fares versus longer travel times, all of the rail tripends for common stations
will be ascribed to either the commuter services or Amtrak, respectively. Because of the unique
nature of the travel patterns associated with each location, there is no assurance that fine tuning of
the mode choice utility will arrive at a satisfactory distribution of trip ends.

In order to circumvent this problem, public transportation services that are predominately
intercity in nature (i.e., Amtrak rail service and privately furnished intercity bus services) are
modeled in a separate transit network hereafter referred to as the shadow transit network. The
shadow transit network identifies cordon stations, rail stations, and TAZs served by each route.

An external-internal and external-external trip distribution matrix was then determined for
this network based on TAZ level and socio-economic activity measures as well as station activity
and approximated cordon crossing levels as obtainable from the providers. For the remaining, local
serving transit network, hereafter referred to as the main transit network, an external-internal trip
distribution matrix was also prepared based on TAZ level internal transit tripends within predefined
internal line service areas and approximated cordon crossing levels. The amount of intercity travel
occurring on the SEPTA and NJ TRANSIT systems is thought to be minor, although a minor amount
of transferring between the NJ TRANSIT Atlantic City line and Amtrak services is probably
occurring at 30th Street Station.
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C. Estimation of 1997 Through Travel Patterns

Determining the amount of through trips at each cordon station is insufficient when the
effects of these trips on the region’s roads and transit lines must be determined. A through trip table
showing the demand for travel between individual points of entry into and departure from the region
is also required. The procedure to generate the complete 1997 through trip matrices for all 114
regional cordon stations was as follows; Input the 1990 through trip matrix from the 1990 travel
simulation and then fratar the 1990 through trip matrix to correspond to the 1997 through trip cordon
station totals prepared by extrapolating the 1995 traffic counts.
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V. INTERNAL TRIP GENERATION

The internal trip generation procedures were developed, for the most part, during earlier
resimulation studies. Although several alternative methods were evaluated during these studies, the
process that was selected is usually referred to as the "dwelling unit level” or disaggregate trip
generation analysis. Internal trip productions, by zone, are established on the basis of trip rates per
dwelling unit of a specified type, rather than by an equation that produces zonal aggregate data on
the basis of the average characteristics of all dwelling units in the zone. At the end of the trip
generation analysis, the trip data are summed to produce zone totals for input to the next phase of
the process, the trip distribution models. These zonal totals are then used through the remainder of
the process. There are 14 different categories of trip ends to be calculated for each zone or station.
These do not include through trips and external-local vehicle driver trip productions, which were
estimated from traffic counts using a different process that was discussed in Chapter IV of this
report. These trip categories were also established during earlier studies and were not modified for
this analysis.

The types of trip ends to be generated and the 1990 and 1997 regional total trip ends are
shown in Table 10. The first six categories are internal-to-internal person-trips, and include trips by
all significant modes of travel--auto driver, auto passenger, and transit passenger. They do not
include truck passengers, taxi passengers, school bus passengers, walk trips, bicycle trips,
motorcycle trips, etc. These types of trips are not currently included in the existing DVRPC travel
simulation process. Categories 7 through 12 are truck and taxi vehicle trips on an origin-destination
basis and are distributed with a separate set of trip distribution models. The last two categories
represent external-local vehicle trip model attractions, for freeway/parkway and arterial/local cordon
stations. All productions for external-local travel are assumed to occur on the nine-county cordon
line and all corresponding attractions are allocated to internal traffic zones.

Table 10 also presents the trip end totals in each generation category for 1990 and the
corresponding totals for 1997. These trip estimates reflect the output of the validated models for
both model years. Overall, person trips have increased by 9.5 percent between 1990 and 1997.
Work trips constitute 25 percent of total person trip ends in both 1990 and 1997, although the
number of work trips has increased by more than 6.7 percent during the decade as a result of
employment growth within the region. Home based non-work trips have increased by a greater than
average rate (10.9 percent) and have increased slightly from 52.4 to 52.9 percent of regional person
trips. Non-home based trips have grown by 10.1 percent This travel category in 1997 represents
22.8 percent of person trips.

Vehicle trips in total grew by 9.0 percent between 1990 and 1997. Arterial external-local
travel is the fastest growing category of vehicle trips (10.8 percent over the seven year period). This
resulted from the high residential and commercial land use growth rates in the vicinity of the nine-
county cordon. Truck and taxi trips all grew at significant rates, with light trucks growing (9.5
percent) and heavy truck trips also growing (9.5 percent). Despite the differential growth rates, light
truck trips still constitute a near majority of these vehicle trips (47.8 percent).
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The social and economic data for each internal zone required to calculate these various
tripend estimates and the 1990 and 1997 regional and county totals are recorded in Tables 6 through
9 of Chapter II. These data are listed by zone in the report, "1997 Zonal Population and Employment
Estimates", Delaware Valley Regional Planning Commission, January 1999. Notice that land use
information, or acres of land by category, is not required for trip generation by this method. Income
at the zone level is also not required, although it is necessary as a regional parameter for the mode
choice model. For each trip category, the corresponding trip rates are applied to the socio-economic
variables and the sum accumulated for each of the 1,395 internal zones. Some of the models are
relatively simple and require only a few factors, while others are very complex and require multiple
sets of socio-economic data.

Growth in these variables and decentralization of the associated land use patterns are the
primary reasons for the growth in trips noted above. While there is an overall increase in the
regional totals of both demographics and employment between 1990 and 1997, the magnitude of this
increase varies significantly among individual variables. The total number of occupied dwelling
units within the region increased by 2.3 percent during the seven years between 1990 and 1997. The
growth rate varied significantly by vehicle ownership category, however, with 0 and 1 vehicle
households declining by 0.7 and 0.3 percent, respectively, and 2 and 3+ vehicle households growing
by 7.5 and 8.9 percent. This disproportionate growth in the higher ownership categories tends to
increase trip making as multiple vehicle households have higher associated trip rates. Employed
residents increased by 2.3 percent.

Total employment within the region increased by 2.2 percent during the interval between
1990 and 1997. The growth in employment, together with decentralization of the employment base
into the suburbs also lead to significant increases in trip generation (9.5 percent).

Model Operations

To perform the trip generation calculations for the 1997 simulation, a series of four Fortran
based computer programs were modified from previous versions. These programs take the estimated
zonal demographic and employment data recorded on data cards and prepare the trip production and
attraction input to the trip distribution models. All of these programs are executed on DVRPC's
in-house simulation model computer network. Detailed description of the trip generation rates and
adjustment parameters are given in the Chapter IV of the commissions report entitled “ 1990
Validation of DVRPC Travel Simulation Models,” October 1997.

TRIPGEN A - This first program of the series was converted from a previous version and
is used to calculate the preliminary or "raw" trip productions and attractions for each internal zone.
All trip purposes are calculated except external-local auto driver productions and attractions. The
program reads the zonal demographic and employment data, a set of zonal area types, the trip rate
cards (by area type, trip purpose, and independent variable), and a set of flag values that highlight
any extreme values. It produces a computer file of the preliminary trip quantities and summarizes
these values by analysis areas, by state, and for the total region. Special equivalency card images
are used to specify the analysis areas to be summarized.
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TRIPGEN B - This second program of the series is used to calculate a preliminary set of
external-internal auto driver trip attractions. All of these trips are assumed to be produced at the
external stations and attracted internally. During the 1990 model calibration process, this program
was modified extensively to produce separate estimates of 1990 freeway/parkway and
arterial/collector/local external-local attractions. These two roadway classes have significantly
different trip length frequency distributions, with freeway/parkway being much longer. As in
previous versions of this model, it was found that the number of external-local auto driver trips
attracted to a zone was proportional to the total number of trip ends in the zone, and inversely
proportional to a function of the distance to the cordon line. First, the revised program computes the
number of external-local auto driver trip attractions according to the total number of internal
person-trip productions and attractions in that zone (all trip purposes - home-based work, home
based non-work, non-home based) and the airline distance from the centroid of the zone to the
closest external station in miles.

In a second step, the percentage of external-local trip attractions allocatable to
freeway/parkway is calculated as a function of distance from the cordon line, as the percentage of
external-local attractions allocatable to the arterial/local trip distribution model is defined as the
residual from the freeway/parkway equation. After the attractions calculated in step one are
disaggregated into freeway/parkway and arterial/collector/local, the totals are normalized to the
counted totals of productions.

For these calculations, TRIPGEN B reads a set of centroid and station X-Y coordinates (the
same as those used for plotting the highway network), the trips generated by TRIPGEN A, and
writes a new computer file containing the estimated external-local auto driver trip attractions. Some
summaries are also produced in the process.

TRIPGEN C - This is used to adjust the total external-internal auto driver attractions to a
control total (by state) established by the external-internal auto driver productions analysis (see
Chapter IIT). In addition, the program reduces the number of internal person-trips by purpose by an
equivalent amount. This feature was added to the simulation process for the 1977 simulation
because of problems associated with those zones in the proximity of the cordon line producing
excessive numbers of trips in previous simulation studies. Briefly, the generalized trip rate method
of producing trips (TRIPGEN A) theoretically generates all trips made by the households, not just
the internal-to-internal trips. Therefore, those trips by residents of the area made externally must be
subtracted from the trip totals. After balancing, or factoring, the estimated external-internal auto
driver attractions by zone to the control values for productions, the program subtracts an equivalent
number of internal person-trips from the file by trip purpose, assuming car occupancy values of:

Home based work 1.12
Home based non-work 1.54
Non-home based 1.41
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These occupancies were taken from the 1987-88 Home Interview Survey. The program then
writes a file containing zonal trip productions and attractions with printed trip summaries by trip
purpose and county.

TRIPGEN D - This program makes the final adjustments to the zonal trip data, adds the
external trip production and attraction records, and writes the data files that are required for the
gravity models. Trips may be factored by trip purpose and by state (Pennsylvania or New Jersey)
if required. The program is used to balance the trips to pre-established control values. Summary
data are printed recording the total number of trips by purpose and by county.
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VI. TRANSPORTATION NETWORK PREPARATION
A. Highway Network

The 1997 regional network was created by updating the 1990 network with major facilities
that were constructed between 1990 and 1997. All facilities, minor arterial and above, open to
traffic in 1997, were included. Significant new freeway facilities not included in the 1990 highway
network were opened to traffic in late 1990 through 1994. These include the Mid-County and Vine
expressways and Exton Bypass in Pennsylvania and the completion of I-295 in northern Burlington
and Mercer counties. However, the completion of NJ 55 in Gloucester County was already included
in the 1990 highway network as was the opening of the US 422 Expressway. The major facilities
included in the 1997 highway update are as follows:

Mid-County Expressway (I-476) Completion

1-295 Completion in Burlington and Mercer Counties

Vine Street Expressway (I-676)

Exton Bypass (US 30)

Trenton Complex (NJ 29)

1-95 Center City/ Penns Landing Ramp Improvements

US | Brunswick Pike Improvements in Mercer County (US 1)
Trenton Freeway (US 1)/ New York Avenue Ramp Improvements
Swedesford Road widening in Chester County

Lol el o A

Table 11 presents a comparison of the mileage by simulation functional classification of the
facilities included in the 1990 and 1997 highway networks. Overall, freeway mileage within the
region increased by about 51.8 directional miles (25.9 centerline miles; that is, both directions
included in the tabulation). Overall, the 1997 network update increased the system mileage by
about 120 one-way miles. The differences between the 1990 and 1997 totals by functional class
also reflect re-evaluation of the facilities included in the highway network and the simulation
functional classification system of existing links.

Table 11 : Comparison of 1990 and 1997 Regional Highway Network Mileage

DVRPC Directional Route Miles
Functional Classification 1990 1997
Freeway 877.9 929.77
Parkway 220.8 216.87
Principal Arterial 3,278.3 3,315.40
Secondary Arterial 5,065.0 5,138.77
Collector / Local 4,073.5 4,422.87
Ramp 40.88 63.74

Total: 13,568.5 13,688.0
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The coded network representing the 1997 regional highway system containsvirtually every
street segment of significance within the nine-county area. All freeways, parkways, principal
arterials, secondary arterials, and many of the collector routes are included in the system. This
represents about 36 percent of the 20,000 total miles of highway facilities that exist within the
region and enablesavery fine-grained regional traffic assignment that i sadegquate for most regional
and some subarea design studies.

Asit is now represented, the 1997 regional highway network contains:

1,510 centroids

13,304 nodes (including centroids)

40,149 link data cards

37,706 two-direction link data cards (each direction separately)
2,447 single-direction link data cards

13,688.0 one-way miles of highway system (both directions included)
537.0 center line miles of one-way streets (or freeways coded directionally)
6,575.5 center line miles of two-way streets
7,112.5 center line miles of total system

Figure 6 isamap of the resulting highway network showing every link in the system. Itis
evident from thisillustration that the network is very comprehensive.

Figure6
1997 Regional Highway Networ k
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The validated (existing) DVRPC travel simulation model and enhanced Evans peak and oft-
peak models have significantly different link coding conventions. The procedures used in the
existing model are documented in Chapter 5 of the commission report entitled, "1990 Validation of
the DVRPC Travel Simulation Models," October 1997. The table look up speed and capacity tables
as well as the toll coding conventions are also described in this document.

B. Transit Network

The 1997 nine-county regional transit network was created by updating the 1990 network.
The update began with a complete review of all transit facilities included in the 1990 network with
respect to additions, deletions or revisions of service by the operating agencies since that time. The
traffic zone system to incorporates the new Traffic Analysis Zones (TAZ's) and zone revisions
occasioned by the 1990 US Census. Finally, fares and morning peak headways on all routes were
updated to 1997 values. The resulting network contains almost all regularly scheduled service
within the nine-county area as it existed in the spring of 1997.

The principal transit service changes between 1990 and 1997 that were identified and used
to modify the network were:

Principal Transit Service Changes 1990 to 1997

Canceled Routes: New Routes:

69, 81, R 3 Shuttle, 199, 202

50, 85, P, 4

Abandoned Rail Stations: New Rail Stations:
Logan, Tabor, Fulmor, Parkesburg, University City

Coatesville, Fellwick, Mogees,
Shawmont, Andalusia,
Frankford Junction, Fishers,
Westmoreland

The nine operating companies in the transit system and the mode descriptions are shown in
Table 12. For purposes of these statistics, route miles include all regularly-scheduled vehicle service
patterns. For instance, if a bus route has two service patterns, one traversing the entire route and the
other stopping at a turnback location, the common portion of this service will be counted twice. Bus
routes which operate in both directions over a street will have this distance counted in both
directions. Table 13 is a complete list of all public transit facilities included in the network, along
with the mode and line card designations. Table 14 shows the transit station node number
correspondences for all rail lines.



Page 38 1997 Travel Simulation for the Delaware Valley Region

Table 12 : Transit System Operating Companies and Mode Descriptions

Transit Companies Modes
1 SEPTA City Transit Division 1 Walk
2 SEPTA Suburban Victory Division . Auto Penalty
3 SEPTA Suburban Frontier Division 3 Auto Connector
4 NJ Transit Mercer Division 4 Bus (Except NJ Transit)
6  PATCO Hi-Speedline (DRPA) x| Bus (NJ Transit)
7 NIJ Transit Southern Division 6 Subway-Elevated
8 NJ Transit Railroad Division £ Commuter Rail
9 SEPTA Regional Rail Division 8 PATCO Line
14 Pottstown Urban Transit
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Table 13 : 1997 AM Peak Transit Line Card/Route # Correspondence by Company

Co. 1 - SEPTA City Transit Division

Route # Mode

Line Cards

X

PTEARET QO

Fox-Newt
1

[cBEN e SRU, JLUS BN \S]

11
12
13
14
15
17
18
19
20
21
22
23
24
25
26
27
28
29
30

N N N N N N T S S T S T T S T S A S S s S S S S e s s e i el el it S

1,23
4,5,6,7

8

B

10

11
12,13,14,15,16
17,18,19,20
21

22,23,24
25,26

27

28

22,30

31,32

33

34,35,36
37,38

39,40

41

42,43,44
45,46,47,48
49,50
51,5253
54,55,56,57,58,59,60
61,62,63
64,65,66,67
68,69,70,71
12,73

74,75
76,77,78
79,80,81,
82,83,84,85
86,87,88,89,90,91
92

D3

94

Route # Mode Line Cards

21 4 95,96

32 4 97,98,99,100

33 4 101,102,103,104

34 4 105,106

35 4 107

36 4 108,109,110

37 4 111,112,113

38 4 114

39 4 115

40 4 116

42 4 117,118,119

43 4 120,121

44 4 122,123,124

46 4 125

47 4 126

48 4 127,128,129

52 4 130,131,132,133

53 4 134

54 4 135,136

55 4 137,138,139,140

56 4 141,142

57 4 143,144,145

58 4 146,147,148,149,150

59 4 151

60 4 152

61 4 153,155 156
61 Exp 4 154

63 4 157

64 4 158

65 4 159,160

66 4 161,162,164,166
66 Exp 4 163,165

67 4 167,168

68 4 169

70 4 170,171,172

73 4 s

i 4 174

77 4 175
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Co. 1 - SEPTA City Transit Division (Continued)

Route # Mode Line Cards
79 4 176
84 4 177,178,179
88 4 180,181
89 4 182
90 4 183
121 4 239,240,241

Co. 2 - SEPTA Suburban Victory Division

101
102
103
104
105
106
107
108
109
110
100

(o R A T e i e e s

200,201
202,203
204,205,206
207,208
209,210,211
212

213,214
215,216,217
218
219,220,221
1.2

Co. 3 - SEPTA Suburban Frontier Division

92
93
94
95
96
97
98
09

B S

184

185,186
187,188

189

190,191
192,193
194,195,196
197,198,199

Co. 4 - New Jersey Transit Mercer Division

600
601
602
603
604
605

Wb W L W

100,101

102,103

104
105,106,107,108,109
110

LY

Route # Mode Line Cards
BSS 6 34,5
MEFSE 6 6,7

111 4 222,223,294 225

112 4 226,227,228

113 4 229,230

114 4 231

115 4 232

116 4 233

117 4 234

118 4 235,236

119 4 237

120 4 238

124 4 242

125 4 243,244

127 4 245,246

128 4 247

129 4 248

130 4 249

202 4 250

606 5 112,113,114,115,
116,117

607 5 118

608 8 119,120,121,121

609 5 123,124,125,126,
127,128

611 5 129
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Co. 6 - PATCO Hi-Speedline (DRPA)

Route # Mode Line Cards Route # Mode Line Cards

Local 8 1,2 Wood. Local 8 4.5

Lind. Exp 8 2

Co. 7 - New Jersey Transit Southern Division

313/315 5 1.2 450 5 66,67,68
317 5 3 451 5 69,70,71,72
400 5 4,5,6,7,8,9 452 5 73

401 5 10,11,12 453 5 74

402 5 13,14,15,16 454 ® 75

403 5 17,18,19,20,21 455 5 76,77,78
404 5 22 23 24 25 457 5 79,80

405 5 26,27 459 5 81,82

406 5 28,29,30,31,32 463 5 83

407 5 33,34,35,36,37,38 551 5 84

408 5 39,40,41,42,43 554 5 85,86

409 5 44.,45,46,47,48,49,50

410 5 51.52.53.54

412 5 55,56,57

413 5 58,59,60,61,62,63

419 5 64,65

Co. 8 - New Jersey Transit Railroad Division

Corridor 7 50,51

Pr Jct 7 52.53

Atl Cty 7 54

Co. 9 - SEPTA Regional Rail Division
R1 7 1,2,3 R6 7 26,27,28,29.,30
R2 7 4,5,6,7,8,9,10,11 R7 7 31,32,33,34
R3 7 12,13,14,15,16,17 R8 7 35,36,37,38,39
R5 7 18,19,20,21,22,23,24,25

Co. 14 - Pottstown Urban Transit

Stw-San 3 200 N End Loop 5 201

Co. 15 - Krapf's Coaches

Route "A" 5 225 Coatesville Link 5 226
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Table 14 : 1997 Transit Station Node Numbers

SEPTA Regional Rail Division

Node No. Station Node No. Station
Trunk Lines

1910 North Philadelphia 1871 Temple University

1713 30th Street 1912 No. Broad St

1694 Suburban 2026 Wayne Junction

1696 Market East 2060 Fern Rock T.C.
2109 Melrose Park
2121 Elkins Park
2132 Jenkintown / Wyncote
2129 Glenside

R1 - Airport Line

3355 Airport Terminals 3354 University City
3356 84th Street (Future)

R2 - Wilmington Line

2498 Marcus Hook 3770 Prospect Park
2629 Highland Ave 2879 Norwood
2628 Lamokin St 2531 Glenolden
2516 Chester T.C. 2635 Folcroft

2522 Eddystone 2536 Sharon Hill
2625 Crum Lynne 2632 Curtis Park
4436 Ridley Park 2633 Darby

R2 - Warminster Line

2823 Warminster 2178 Crestmont
2141 Hatboro 4440 Roslyn
2139 Willow Grove 2127 Ardsley
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SEPTA Regional Rail Division (Continued)
Node No. Station Node No. Station

R3 - Media - West Chester Line
2170 Elwyn 2124 Primos
2544 Media 2661 Clifton Heights
2548 Moylan-Rose Valley 2651 Gladstone
4443 Wallingford 2593 Lansdowne
2557 Swarthmore 2685 Fernwood-Yeadon
1640 Morton 1805 Angora
2561 Secane 1888 49th Street

R3 - West Trenton Line
2710 West Trenton 2189 Forest Hills
2519 Yardley 2188 Philmont
2517 Woodbourne 2145 Bethayres
2514 Langhorne 2167 Meadowbrook
2510 Neshaminy Falls 2164 Rydal
2945 Trevose 2133 Noble
2146 Somerton

RS5 - Parkesburg - Paoli Line
2960 Downingtown 1743 Radnor
2962 Whitford 2634 Villanova
4438 Exton 2771 Rosemont
2959 Malvern 2799 Bryn Mawr
2282 Paoli 2827 Haverford
2255 Daylesford 2856 Ardmore
2254 Berwyn 2608 Wynnewood
2226 Devon 2889 Narberth
2712 Strafford 2890 Merion
2357 Wayne 2891 Overbrook
2760 St. Davids
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SEPTA Regional Rail Division (Continued)

Node No.

Station

R5 - Lansdale - Doylestown Line

2857
2855
2854
2902
2901
2899
2898
2896

Doylestown

Delaware Valley College
New Britain

Chalfont

Link Belt

Colmar

Fortuna

Lansdale

R6 - Norristown Line

2797
1630
1631
2647
1632
1643

Elm Street

Main Street
Norristown T.C.
Conshohocken
Spring Mill
Miquon

R6 - Cynwyd Line

4441
1903

Cynwyd
Bala

R7 - Trenton Line

2520
2506
2504
2503
2859
2501

Trenton
Levittown

Bristol

Croydon
Eddington
Cornwells Heights

Node No. Station
2895 Pennbrook
2894 North Wales
2893 Gwynedd Valley
2499 Penllyn
2745 Ambler
2125 Fort Washington
4437 Oreland
2126 North Hills
4446 Ivy Ridge
1633 Manayunk
1944 Wissahickon T.C.
1880 East Falls
1937 Allegheny
1899 Wynnefield Ave
2077 Torresdale
2073 Holmesburg Junction
2154 Tacony
2153 Wissinoming
1986 Bridgesburg



1997 Travel for the Delaware Valley Region

Page 45

SEPTA Regional Rail Division (Continued)

Node No.

Station

R7 - Chestnut Hill East Line

2014 Chestnut Hill East
2017 Gravers

2019 Wyndmoor

1741 Mount Airy

R8 - Fox Chase Line

2101 Fox Chase
2098 Ryers

R8 - Chestnut Hill West Line

2012 Chestnut Hill West
2159 Highland

2158 St. Martins

2157 Allen Lane

2156 Carpenter

SEPTA Subway-Elevated System

Market-Frankford Line
3244 69th Street
4773 Millbourne
1818 63rd Street
1819 60th Street
1820 56th Street
1821 52nd Street
1822 46th Street
1823 40th Street
1889 34th Street
1712 30th Street
1686 15th Street/City Hall
1683 13th Street
1682 11th Street
1681 8th Street

Node No. Station
2047 Sedgewick
2045 Stenton
2043 Washington La
2023 Germantown
1740 Wister
2131 Cheltenham
2137 Lawndale
2036 Olney
2009 Upsal
2008 Tulpehocken
2006 Chelten Ave
2104 Queen Lane
1680 5th Street
1679 2nd Street
1724 Spring Garden
1853 Girard
1874 Berks
1878 York-Dauphin
1916 Huntingdon
1922 Somerset
1923 Allegheny
1928 Tioga
1949 Erie-Torresdale
1958 Church St
2015 Margaret-Orthodox
2067 Bridge-Pratt
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SEPTA Subway-Elevated System (Continued)

Node No.

Station

Broad Street Subway Line

2059
2040
2030
2028
2000
1971
1935
1911
1891
1869
1848

Fern Rock Terminal
Olney

Logan

Wyoming

Hunting Park

Erie

Allegheny

North Philadelphia
Susquehanna-Dauphin
Columbia-Temple U.
Girard

Broad Ridge Spur Line

1719
1698

Spring Garden
Chinatown

PATCO Hi-Speedline (DRPA)

1701
1703
1704
4061
4057
4056
4055

15th-16th Sts
12th-13th Sts
9th-10th Sts

8th & Market Sts
City Hall, Camden

Broadway, Camden T.C.

Ferry Ave

Node No.

1748
1718
1699
1684
1702
1654
1730
1788
1778
1761
4267

1681

4054
4053
4052
4060
4051
4050

_Station

Fairmount
Spring Garden
Race-Vine

City Hall
Walnut-Locust
Lombard-South
Ellsworth-Federal
Tasker-Morris
Snyder

Oregon
Pattison

8th & Market

Collingswood
Westmont
Haddonfield
Woodcrest
Ashland
Lindenwold
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Thetransit network is aliteral description of the morning peak period transit system that
is operating on aregularly scheduled basis within the nine-county region in 1997. A map of the
system without approach linksis shown as Figure 7.

Figure7
1997 Regional Transit Network
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VII. TRIP DISTRIBUTION

Trip distribution is the process whereby the zonal trip ends established in the trip generation
analysis are linked together to form origin and destination patterns in trip table format. It is not
sufficient to know only how many trips will originate or be destined to a zone on a daily basis. It
is necessary to know between what pairs of zones these trips will occur. That is the function of the
distribution models.

The basic premise of the gravity-type distribution models is that the trips between a pair of
zones will be proportional to the number of trips generated in the production zone, times the number
of trips attracted to the destination zone, and inversely proportional to the physical separation
between the zones to some exponential power. The formulation of the equation and a discussion of
the theory is available in Urban Transportation Networks, by Yosef Sheffi, Prentice-Hall, 1985,
pp-180-81.

The gravity model is, by far, the most common of the trip distribution models. Their
calibration and application is well documented and the computer routines that perform the
calculations are readily available. The accuracy of the models in calculating the trip distributions
is commensurate with the other models that are included in the sequence.

For the simulation of 1997 travel demands, a series of eight gravity-type distribution models
were applied. These eight gravity models were divided into two basic types. The first three models
were used to distribute the internal person trips by all modes of travel, and models 4 through 8 were
used to distribute certain vehicular trips by autos, trucks, and taxis. As reported in Chapter IV, the
through vehicle trip distribution was prepared manually and did not require an application of a
distribution model. The individual models are as follows:

Model
Number Description

Internal Home-Based Work Person Trips

Internal Home-Based Non-work Person Trips

Internal Non-home-Based Person Trips

External-Local Auto Driver Trips, All Purposes, Freeway Cordon Stations
External-Local Auto Driver Trips, All Purposes, All Other Cordon Stations
All Light Truck Trips (including external-local)

All Heavy Truck Trips (including external-local)

All Taxi Trips

[=-IEEN B Y I O S

Inthe 1990 model validation effort, the person trip models were recalibrated with trip length
frequency data from the 1987-88 Home Interview Survey and the external-local models recalibrated
with data from the 1988-89 cordon line O-D survey. No truck or taxi survey data was available to
recalibrate these trip distribution models. These successful applications of the models in previous
model validation studies supported their continued use in the 1997 travel simulation.
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In the above list, the term "internal" refers to the internal traffic zones and does not include
external station travel. In this case, both ends of the trips must be within the study area.
External-local trips are those that have one end inside the study area and the other beyond the cordon
line (nine-county boundary). The term "all" is a combination of these and includes both the internal
and external-local travel. It does not include external-external or through travel, however.

The reference to "person trips" as opposed to "vehicle trips" means that all common modes
oftravel are included such as auto driver, auto passengers, and transit passengers. It does not include
walk trips, school bus or truck and taxi passenger trips. Vehicle trips represent the driver of the
vehicle only and do not include any passengers. These are autos, trucks, and taxis and are loaded
directly on the highway networks.

The term "home-based" means that one end of the trip is made to or from the residence of
the individual. Conversely, non-home-based means that neither end of the trip is at home. The
home-based trips are in trip production-attraction format, where all trips originate at the home end
and are attracted to the non-home end regardless of their direction of travel. Unless specified as
"home-based," all trips are on an origin destination basis and the origins and destinations are the true
starting and ending places of the trips.

To execute these eight trip distribution models, several sets of input data are required. Each
model requires the number of trip productions and attractions (or origins and destinations) to be
distributed for each zone (or station), a measure of impedance to travel between all zones and
stations which is usually referred to as a "skim tree," and a set of "friction factors" which relate the
propensity to travel with respect to the impedance value. For person trip distributions a preliminary
distribution based on highway skims was made.

This preliminary distribution was adjusted for highway bias using a correction curve which
related the bias to the relative highway/transit service levels. This bias correction was executed as
a first step in the modal split model computer program model, just prior to calculating the transit
and highway trip tables. The vehicle trip models used highway times to measure intra-zonal
impedances. When the model runs were completed, the trip tables were passed to the mode split
procedure, which then created the final trip tables for loading on the highway or transit networks.

As the modal split impedance difference was used, it was convenient to execute this
adjustment process in modal split computer program MSPLIT. This adjustment was applied to the
person trip interchanges immediately before applying the simulated modal split to the preliminary
person trip interchanges. In general, where good transit service exists, the person trips are increased
and, where no service or very poor service was offered, the person trips are slightly reduced. This
tended to remove the bias within the person trip model output.

The data in Table 15 record the pertinent summary statistics for each model as run for the
1997 simulation. These data are taken directly from the model output tabulations and represent the
final status of the models after the third iteration of attraction balancing.
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The data in this table were evaluated for reasonableness by comparing the statistics with the
results of previous simulations. Of critical importance is the average trip length, which is a good
parameter to compare with previous runs and the percentage of intrazonal trips, as this can vary
substantially with adjustments to the terminal and intrazonal travel time assumptions. All of the
results shown in Table 15 appear to be within a reasonable range for the 1997 simulation.

Almost 17.5 million regional internal trips were distributed by the three person trip gravity
models, and almost 2.4 million vehicular trips with the four vehicle gravity models. The individual
trip tables produced by the person trip models then became the input to the modal split operation,
and the vehicular trip tables were later incorporated with other model output and loaded on the 1997
highway network. The modal split model application is discussed in the next chapter.
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VIII. MODAL SPLIT MODEL APPLICATION

The function of the mode choice, or modal split process, is to allocate the internal person
trips that were developed by the trip distribution model to either the highway or the transit systems.
The auto occupancy analysis further subdivides the highway oriented trips into auto drivers and auto
passengers. Those trips that are allocated to the transit system are then prepared for assignment to
the transit network. The auto driver trips are added to the truck, taxi and external vehicle trips in
preparation for assignment to the highway network. This modal split was subjected to an extensive
validation/recalibration effort using home-interview and 1990 Census data. See chapter VIII of the
commission report entitled, "1990 Validation of the DVRPC travel Simulation Models," October
1997 for a detailed description of the model validation results and a description of the recalibrated
model.

The mode choice models do not determine the submode (commuter rail, subway-elevated,
or surface bus) of travel for the transit trips; they determine only the total number of transit-oriented
trips that will be allocated to the transit system. The minimum impedance traces through the transit
network determine the submode of travel for each interzonal movement and the mode choice model
then estimates the number of transit trips, given the transit submode of travel. In this process, the
actual allocation of the transit trips to a particular submode is done during the transit path building
and assignment process.

This method of determining the mode of travel (highway or transit) is defined as a
post-distribution or trip interchange modal split model. Some studies prefer to allocate the trips to
either the transit or the highway system during the trip generation phase of the process before the
trip distributions are made. That method, known as the pre-distribution procedure, usually has very
limited sensitivity to the quality of transportation service by mode of travel and was, therefore, not
used.

The two models, mode choice and auto occupancy, will be described separately in this
section of the report, even though they are actually performed within the same computer operation.
The mode choice model is, by far, the more complex of the two.

A. Mode Choice Model

The mode choice model operates on each person trip interchange volume in the trip tables
and computes the trips to be allocated to the highway and transit systems. The model computes the
proportion (percentage) of the total trip volume to be allocated to transit, and the residual difference
is allocated to the highway system.

The calculation of the proportion of trips to transit is a complex mathematical process that
actually computes a "standard score" value which is then converted to a percentage of transit through
areference table. The model computes this standard score value by a series of 18 stratified diversion
curves, each curve relating the percent by transit for a stratum to the impedance difference between
transit and highway. In general, the greater the impedance difference (poor transit) the lower the
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standard score and the lower the percent allocated to transit. This type of modal split model is
sometimes described by the term binary probit; “Binary”’because a two way split (higher versus time
out) is considered and “Probit” because standard score (normal distribution) weight utilities are used.

The following combinations of trip purpose, transit submode, and auto ownership form the
stratums for the eighteen diversion curves:

Trip Purpose (3)

Home based work
Home based non-work
Non-home based

Transit Submode (3)

Commuter Rail
Subway-elevated
Surface bus/trolley

Auto Ownership (2)

Trip interchanges by autoless households
Trip interchanges by car-owning households

These eighteen stratifications, in addition to the parameters included in the formulation of
the model and the coding of the networks, insure that the model is stable with respect to geographic
areas and time periods, and that it is both accurate and policy sensitive. The factors considered in
computing the amount of travel allocated to the two modes are transit-user characteristics, trip
characteristics, land use characteristics, quality of transit service, and quality of highway service.

Transit-user characteristics are expressed through car ownership considerations:autolessand
car-owning households. Trip characteristics are reflected in the three generalized trip purposes. Land
use is considered at both the origin (production) end of the trip and the destination (attraction) end
by explicit network coding of certain impedance values on the approach links, and by adjustment
of the travel impedance by type of area. The quality of transit service is measured by transit travel
time, fare, and submode of travel. The transit fares used in the simulation are those that existed in
1997,

Finally, the quality of highway service is measured by considering the travel cost by highway
in addition to the travel time. Highway travel cost is the perceived operating cost , including gas, oil,
tires, maintenance and insurancetogetherwith a time impedance representative of the out-of-vehicle,
or "excess", travel time. Parking charges are assessed based on the zone of trip attraction and toll
charges are in the existing DVRPC model are assessed by equivalent time penalties incorporated into
the highway network.



1997 Travel Simulation for the Delaware Valley Region Page 55

The major determinants of mode choice are the differences in travel time and cost between
the highway and transit systems. Most of the other parameters in the equation are used to modify
this basic relationship.

B.  Auto Occupancy Model

After the mode choice is calculated for each individual trip interchange by the appropriate
mode split equation, a secondary model is employed to determine the proportion of the
highway-oriented travel that would be auto drivers and, thus, the number of vehicles on the system.
This is done by calculating an auto occupancy which is then applied to the highway-oriented
person-trips. Previous investigations have found the principal determinants of auto occupancy to
be trip length and trip purpose. The procedures developed during that analysis were recalibrated
using Home Interview and CTPP data. DVRPC's auto occupancy model is based on linear equations
which relate the number of occupants per vehicle to trip length. Separate equations are included for
HBW, HBNW, and NHB trips. The 1990 validated report cited above contains a description of the
Auto Occupancy model in Chapter VIII.

C. Model Application Results

The trip distribution models passed 17,467,917 person trips to the mode choice analysis. The
highway/transit bias adjustment increased this number of trips to 17,528,370. Ofthese, 12,051,640
trips were defined as auto driver trips, 4,675,785 as auto passenger trips, and 800,945 as transit trips.
Thus 4.6 percent of the 1997 regional internal person trips were transit-oriented, down from 5.1
percent in 1990.

Table 16 shows the percent of trip productions made by transit by trip purpose for each county
planning area and for the region as a whole. The regional total percentage of transit trips ranges
from 11.3 percent for home based work trips to 1.4 percent for non-home based trips.

The percent transit for trip attractions is shown in Table 17. The highest percentages of
transit trips occur in the central part of the region. (The business district has 21.6 percent for total
productions and 45.1 percent for total attractions.) Generally, the percent of transit trips decreases
as the distance from the Philadelphia CBD increases; several outlying planning areas in Chester,
Mercer, and Burlington counties have almost no transit trips.
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IX. HIGHWAY ASSIGNMENT

DVRPC's highway assignment model uses the equilibrium technique, starting with table
lookup link speeds and capacities by functional class and area type. The network is heavily
congested and fifteen iterations are needed to achieve a reasonable level of convergence on travel
times.

The assignment of 1997 vehicle trip demands to the 1997 street and highway network
required two basic inputs: a loading trip table and a network description. The trip table was prepared
during the modal split-car occupancy process as described in Chapter VIII. The 1997 highway
network was a result of the coding operations explained in Chapter VI. In addition to these two basic
inputs, the 1995 traffic counts throughout the region were assembled for approximate verification
of the 1997 assignment procedures.

This traffic assignment was performed by assigning the trip table to the network. The
network was restrained with fifteen iterations of capacity restraint using the equilibrium highway
assignment process included in TRANPLAN program EQUILB. The restrained volumes were then
compared to the 1995 traffic counts and further checked by a screenline-cutline analysis.

A. Highway Assignment Process

Each iteration of the traffic assignment consists of building a network description from the
link data cards and building a set of minimum travel time paths (vines) through the network.
Normally, one vine is constructed for each zone centroid in the system, including the external
stations. In this case, 1,510 vines were prepared for each traffic assignment.

After the network and vines have been constructed, the trip table is loaded and accumulated
on the individual links of the system and a "loaded network" is produced that is stored in the load
history file memory in a convenient form as an interim product of the assignment. For this assign-
ment 15,146,665 trips were loaded on the highway network, representingthe 1997 average daily auto
driver, truck, and taxi vehicle trips.

All of the trips loaded on the 1997 network, including the through trips, were synthetically
generated. As part of the modal split operations, the internal person-trip tables that were allocated
to highway-oriented travel were converted into vehicular travel by the car occupancy model. To
these internal-to-internal vehicletrips from the modal split models were added the external-local auto
driver trips, light and heavy truck trips, and taxi trips from the vehicular distribution models.

The 1997 external-to-external travel (through trips) for autos, light trucks, and heavy trucks
were then combined with the other trip tables to form the total vehicle trip table. One of the final
steps in the modal choice operation was to "square" the trip table in preparation for the traffic
assignment process.
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This trip table is a square trip table (1,510 x 1,510) and contains a total of 15,146,665
vehicular trips. Of this total, 3,339,464 are intra-zonal trips which are not loaded on the highway
system. The total number of trips actually assigned to the network, then, was 11,807,201. By
comparison, 10,934,173 vehicular trips were loaded on the 1990 highway network. This represents
a 8 percent increase in the total number of vehicle trips assigned to the network.

As with the other models used in this study, several trial loadings were made to insure that
the network was properly coded and that the various assumptions concerning initial speeds, link
capacities, and total impedances were correct. After each trial assignment, the vehicle-miles and
vehicle-hours of travel were evaluated and a screenline and cutline comparison analysis was
performed. Certain critical links in the system were also carefully examined. The trial loading
process was repeated until the network was considered error-free.

B. Screenline-Cutline Crossing Analysis

As a principle check of the assignment, a series of screenlines and cutlines have been
established to afford a comparison of the assigned vehicle trips crossing the lines to the traffic
counts. These screenlines and cutlines are illustrated in Figure 8. For the most part they are
equivalent to the screenlines that were used in the 1990 model validation effort.

An important screenline is the line surrounding the Philadelphia Central Business District
(labeled GHI). Its northern and southern boundaries are at Vine and South streets, with the Delaware
and Schuylkill rivers forming the eastern and western boundaries. The Conrail freight right-of-way
across North Philadelphia also provides a convenient highway screenline (J) because it is grade
separated and only a limited number of streets cross it. For the remainder of the region, rivers or
county boundaries form the screenlines. The Delaware (ABCD) and Schuylkill rivers (EFG) are
traditionally used as screenlines as are the Burlington/Mercer (Crosswicks Creek PQ) and
Camden/Burlington (TU) county boundaries in New Jersey. In total, 180 highway facilities cross
the various screenlines.
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The "inner cordon line" serves as a convenient cutline to gauge the changes in travel patterns
and to check the results of travel simulations. It is summarized by eight segments representing
Bucks, Montgomery, Chester, Delaware, Mercer, Burlington, Camden, and Gloucester Counties,
respectively. This line is also shown on Figure 8 and contains 172 crossings of primary and
secondary highways. During 1995, there was an inventory of traffic counts collected at all 172 inner
cordon and 180 screenline locations which provided a base for comparing the 1997 travel simulation.
These count data were factored to represent an estimate of 24-hour annual average daily traffic
(AADT), which includes Saturdays and Sundays. It should be noted that the 1995 screenline
volumes do not reflect the changes in traffic volumes that occurred between 1995 and 1997.
Therefore, the screenline statistics given the Tables 19 and 20 cannot be interpreted as errors,
although the differences between 1995 and 1997 traffic counts should be less than 10 percent. The
differences vary by area of the region, being positive in growing suburban and rural areas and stable
to declining in some older urbanized areas.

According to the data in Table 18, the total 1995 traffic count across all of the screenlines
and cutlines is 6,381,600 daily vehicle trips. This represents a 29.9 percent increase in the value of
5,681,000 that was reported in 1990. The comparable 1997 existing model-assigned volume for all
lines was 6,471,700,--slightly over-assigned by a volume of 90,100 (1.4 percent). The overall R?
between 1997 predicted and 1995 actual traffic volumes on the screenlines and cordon lines was
0.83, an acceptable correspondence.

The 1995 crossings of the Delaware River (screenline segments A,B,C, and D) totaled
554,600, a 5 percent increase over the 1990 crossings. The 1997 comparable simulated volume
crossing the Delaware River was 582,800--an apparent over-assignment of about 4.6 percent.

The Center City Philadelphia Cordon Line is another important screenline for monitoring
travel and evaluating simulation results. In 1990, 806,600 daily crossings were reported for this
cordon. The 1995 ground counts indicate that this has increased to 977,500 or about 21.2 percent,
much higher than most screenlines. The 1997 simulation assigned 895,000 trips across this cordon
for an apparent under assignment of 8.4 percent. These discrepancies are within a reasonable
tolerance for the total screenline crossings.

As seen in Table 18, the Inner Cordon in Delaware County (Seg. 4) screenline shows the
most severe discrepancy with an apparent over assignment of about 13.4 percent. Although
technically over the 10 percent standard for FHWA validation, this discrepancy is not significant
because the screen line is rather short and traffic volumes in the vicinity of his screenline may have
grown between 1995 and 1997. The coefficients of correlation appear to be within acceptable limits
for each of the screenlines, according to the data in Table 18.
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Table 18 : 1997 Regional Highway Assignment Existing Model
Summary of Screenlines

1995 1997
Number Counted Simulated
of Volume Volume Percent
Screenline Crossings (000) (000) Diff. R?
Inner Cordon Seg. 1 21 259.4 276.4 6.6% 0.69
(Bucks County)
Inner Cordon Seg. 2 34 508.5 542.1 6.6 0.84
(Montgomery Co.)
Inner Cordon Seg. 3 14 214.3 235.7 10.0 0.88
(Chester Co.)
Inner Cordon Seg. 4 17 209.8 237.9 13.4 0.98
(Delaware Co.)
Inner Cordon Seg. 5 26 415.0 409.1 -1.4 0.79
(Mercer Co.)
Inner Cordon Seg. 6 28 311.7 323.0 3.6 0.96
(Burlington Co.)
Inner cordon Seg. 7 11 150.9 147.9 -2.0 0.82
(Camden Co.)
Inner Cordon Seg. 8 21 223.3 215.6 -3.4 0.90
(Gloucester Co.)
Delaware River (ABCD) 18 554.6 582.8 5.1 0.83
Schuylkill River (EFG) 40 1,331.2 1,331.6 0.0 0.69
Center City Phila. (GHI) 60 977.5 895.0 -8.4 0.81
N. Phila. RR (J) 26 491.6 511.5 4.0 0.93
Crosswicks Creek (PQ) 7 220.3 205.9 -6.5 0.75
Camden-Burlington Co. 32 513.7 557.2 8.5 0.83

Boundary (TU)

Total 355 6,381.8 6,471.7 1.4 0.83



1997 Travel Simulation for the Delaware Valley Region Page 69

C. Focused Travel Simulation Model

The regional highway assignment even with equilibrium assignment techniques does not
always give accurate volume estimates, particularly on local streets. In addition, local streets not
included in the regional highway network are often of great interest to policy makers, particularly
if they are impacted by a proposed new freeway or arterial improvement. In order to improve the
accuracy of the assignment and to incorporate those additional roads, a special enhanced assignment
technique, focused on a specific detailed study area, is used.

The focused simulation process has several characteristics which made it desirable for use in these
studies:

® [t can provide link and turning volumes for nearly all streets and intersections
within the detailed study area.

® [t allows the use of DVRPC regional simulation models without recalibration.

® [t increases the accuracy of travel volume estimates within the detailed study area.

The first step in the preparation of the focused simulation process is to identify the streets
and intersections for which traffic volume estimates are needed. All through streets and local roads
of concern inside the detailed study area are included in the network. The estimation of fine-grained
highway link and turning movements requires that some traffic zones be subdivided into smaller
zones within the study area. Generally, the grain of these zones should be the same as the highway
network, so that the fine-grained traffic loadings necessary for accurate turning movements can be
made.

A successful highway traffic assignment also requires a buffer area to allow a smooth
transition between the coarser-grained regional travel simulation network and the very detailed
network inside the study area. Areas far from the study area are maintained at the census tract level
to accurately load the freeways, highways, streets, and transit lines carrying traffic into and through
the study area. This refinement to the highway and transit networks required that existing links be
split in the study area, with approach links added for the new block-level centroids. Additional
streets or transit lines may need to be added to the network in or near the detailed study area.

Three steps are required to produce the focused travel simulation model.

They are:

® Inside the study areas, split the traffic zones into smaller areal units. Add in
any missing streets. Recode the approaches to the highway and transit networks
to reflect these smaller zones.
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® Split down the traffic zone estimates of population, households,
auto ownership, employed residents and employment to the finer zones.
Also incorporate the travel resulting from special trip generators such
as office buildings or shopping centers, if these developments influence
traffic patterns and are not included in the base forecast of socio-demographic
and employment variables.

® Redefine the regional travel simulation model input data sets, control files etc.

to reflect the new number of zones, cordon station centroid number series,
and additional traffic zones within the detailed study area.

This socio-economic data disaggregation is accomplished by examining aerial photographs
of the study area to determine the existing and likely distributions of development and open space
therein. From this, an estimate of the percentage of demographic variables that effect travel is made
and allocated to each split zone. These factors--which sum to one for any traffic zone--are then used
to disaggregate the traffic zone level inputs to the trip generation model into the subzone portions.

The focused simulation process is then executed to prepare estimates of traffic volumes for
the streets, ramps, freeways, and turning movements and transit lines. The process is then validated
within the study area by comparing predicted with actual facility volumes and any required
adjustments or corrections to the model are implemented.

As can be seen from the data in Table 19, the focusing process effectively reduces the
regional simulation error by about 50 percent. These error reductions are most pronounced for links
that carry between 3,000 and 50,000 vehicles per day. Error in the under 3,000 vehicles per day
range is increased by the focusing process. This occurs primarily because of the large number of
local streets that are added to the focused network. These links are greatly affected by approach link
volume discontinuities.

Average link error statistics are significantly smaller than the RMS statistics. Thisis because
of the tendency of RMS error to emphasis the contributions of outliers, which have large errors.
Overall, average errors for most facilities considered in traffic studies show errors in the range
between 8 and 16 percent.
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Table 19 : Percent Root Mean Squared Average Error as a Function of Counted

Roadway Volume Group
Volume Group 1990 Selected Recent
(Veh/day) Regional Simulation* Focused Simulations**
RMS Error RMS Error Average Error
<3,000 155.6% 171.6% 116.5%
3,000 - 5,000 123.5% 69.6% 52.2%
5,000 - 10,000 47.3% 34.6% 27.3%
10,000 - 15,000 43.2% 29.3% " 23.9%
15,000 - 20,000 39.7% 26.0% 20.0%
20,000 - 30,000 32.6% 22.2% 16.0%
30,000 - 50,000 29.1% 15.0% 11.7%
>50,000 14.0% 10.3% 8.5%

* The use of 1995 screenline traffic counts to validate the 1997 travel simulation prohibited calculation of regional simulation RMS
error statistics. For this reason, 1990 values from the 1990 Model Validation Report have been substituted. The 1997 traffic simulation
has very similar error statistics to the 1990 validation and the values remain representative for the 1997 regional traffic assignment.

* * Error data from a number of focused simulation models must be pooled together to get enough observations to calculate the volume
group error statistics. The selected simulations include: US 322 (1999), US 202 sections 100 and 300 (1998-9), Philadelphia Airport
(1998), 1-95/PA Turnpike Interchange (1999), and Chester County Simulation (1999).
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X. PUBLIC TRANSIT ASSIGNMENT

The transit assignment procedure accomplishes two major tasks. First, the transit person trip
table produced by the modal split model is "unlinked" to include any transfers that occur either
between transit trips or between auto approaches and transit lines. Second, the unlinked transit trips
are associated with specific transit facilities to produce line, link, and station volumes. These tasks
are accomplished simultaneously with TRANPLAN program TRLOAD, which assigns the transit
trip matrix to the minimum impedance paths built through the transit network. There is no capacity
restraining procedure for a transit assignment. The detailed methodology use to execute the transit
assignment is described in Chapter X of the 1990 simulation model validation report.

A. Transit Network Assignment Process

After the transit network description was constructed from the link and line cards, a set of
minimum impedance paths was calculated through the network using the composite impedance
values. The statistics pertaining to each of the minimum impedance paths were then passed to the
mode choice models for preparation of the transit trip table.

A total of 800,545 daily transit trips were allocated to the transit system. This total transit
trip table was then assigned to the minimum impedance paths. The results were then summarized
by link, line, station, intersection, and transfer volumes.

The 800,545 daily transit trips loaded on the network are "linked" trips and represent the total
travel between pairs of zones. As these trips may be assigned to more than one submode or facility
on the minimum path routing, the assignment reports "unlinked" trips or those assigned to each of
the various facilities in the network.

The total volume of "unlinked" trips reported by the assignment to the network was
1,245,974, which indicated a considerable amount of transferring between routes or modes within
the system. Unlike the highway network traffic assignment procedure, the transit network is not
restrained in the loading process.

An important aspect of the mode choice and transit assignment procedures is that the
allocation of trips by transit submode is done by the minimum path selection process as they are
constructed through the network. In the sequence of events, minimum impedance paths are
constructed and the necessary information is passed to the mode choice models. One of the data
items extracted from the paths for mode choice is the submode of travel, used by the mode choice
model to select the appropriate diversion curve. The trips that are returned from the mode choice
procedure are then assigned on the submode selected originally by the minimum impedance path
calculations.
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B. Transit Assignment Results

The number of assigned passengers from the existing model by submode is compared to
counted transit passenger data in Table 20. The counted passenger data are the most reliable
estimates available for this analysis. The percentage differences by submode and for the total
passenger count are very close with no particular bias toward any submode. The total assigned
passenger volumes, and volumes for all submodes are less than 7 percent different from those
estimated from available passenger counts for 1997. All three submodes were over assigned with
the commuter rail having the least simulation error (4.1 percent). Surface bus and trolley and
subway-elevated were overstated by 6.0 and 6.8 percent respectively, for a total assignment error
of 6.1 percent.

Table 20 : Comparison of 1997 Passenger Counts and Existing Simulated Volumes by
Transit Submode

1997 1997
Simulated Passenger Percent
Submode Yolumes Counts Difference
Commuter Rail 88,740 85,269 4.1%
Sub-Elevated / High Speed Rail 385,578 361,152 6.8
Bus and Trolley 735.964 694.534 6.0
Total 1,210,282 1,140,955 6.1 %

Table 21 presents a more detailed breakdown of transit assignment error statistics by transit
operator and submode. Again, there is a close correspondence between assigned and reported
ridership for virtually all transit operators within the region. The simulated line volumes on the
principle elements of the transit system are well within a reasonable range of accuracy.
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Table 21 : Comparison of 1997 Passenger Counts and Existing Model Assigned Volumes

by Transit Operating Company

1997 1997
Assigned Passenger %
Company/Division Submode VYolumes Counts Difference
SEPTA City Transit ~ Subway-Elevated 327,438 314,193 4.2%
Bus & Trolley 644.454 602.455 7.0
971,892 916,648 6.0%
SEPTA Suburban
Victory Division Bus & High Speed Line 41,055 46,090 -10.9
Frontier Division Bus 9,555 9,589 -04
50,610 55,679 -9.1%
SEPTA Regional Rail Commuter Rail 88.740 85.269 4.1
Total SEPTA 1,111,242 1,057,596 5.1%
NJT Southern Division Bus 35,633 29,000 22.9%
NJT Mercer Division Bus 14,542 15.100 -3.7
Total NJT 50,175 44,100 13.8%
DRPA High Speed Rail 48,865 39.259 24.5%
Grand Total 1,210,282 1,140,955 6.1%
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XI. DVRPC'S ENHANCED SIMULATION MODELS

The existing DVRPC travel simulation model is a classic implementation of the four step
modeling process (see Figure 1, Page 4) in Chapter I. Trip generation is based on constant trip rates
imbedded in a cross-classification structure. Trip distribution uses a doubly constrained gravity
model, stratified into three person (HBW, HBNW, and NHB) and four vehicle trip purposes. Modal
split utilizes a binary probit-like formulation stratified by trip purpose, transit submode, and auto
ownership. The highway assignment is based on the equilibrium method using minimum travel time
paths. Initial highway speeds are input through a table lookup stratified by functional class and
density of development (area type). The transit assignment is unrestrained. It uses minimum paths
based on the modal split model definition of impedance. All aspects of the existing model produce
estimates of daily travel. While this existing model has produced reasonable and accurate forecasts
for many years, it did not meet the new federal requirements which require separate peak and off
peak models that operate within an iterative (Evans Algorithm) structure with respect to highway
travel time.

A. Implementation of the DVRPC lterative Travel Simulation Process

The Evans Algorithm is not difficult to implement in a four-step travel simulation model that
includes a highway assignment model based on the Equilibrium Method. Evans re-executes the
gravity and modal split models after each iteration of highway assignment and assigns a weight (L),
to each iteration. Therefore, a restart procedure must be available in the highway assignment
program to access the weighted average highway link volumes from the previous iteration, load the
network for the current iteration, calculate the weight for the current iteration (A) and prepare a
convex combination of the link volumes for the current iteration and previous weighted average.
This is not a fundamental departure from the way things are normally done in the equilibrium
assignment, and Urban Systems was retained by DVRPC to prepare a special extended version of
TRANPLAN with the Evans restart procedure.

The second required extension is to include the impedance implications of the highway and
transit trip tables into the gradient calculation that is used to determine A (see Figure 9). This requires
an estimate of transit impedance and off-network highway impedance (terminal times and parking
charges) for the trip tables of the current iteration and the weighted average of the previous
iterations. Transit impedance is assumed to be independent of the highway link restraining process
and is calculated as the sum of the products of interzonal transit impedances and transit volumes.
It may be theoretically desirable to also include the effect of highway congestion on bus and trolley
travel times. However, this enhancement requires extensive changes to the highway assignment
computer program and is beyond the scope of this study. In any case, only about four percent of the
region's total travel is made by transit.

In this implementation, it is assumed that weighted average totals of transit and off-network
highway impedance are linear in A and can be calculated directly from the system totals for the
current and weighted average of the previous iterations. The alternative would be to calculate a new
L-weighted trip table and multiply this new table by the interzonal impedance matrix. This
simplification has little effect on the accuracy of the calculation. It greatly reduces the
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Figure 9
EVANS ITERATIVE TRAVEL SIMULATION PROCESS
TRIP GENERATION
BUILD AND SKIM HIGHWAY NEWORK
FoTTTTTTTTTT ™ HIGHWAY TREES SPEED LIMITS
; '
UPDATED HIGHWAY TRIP DISTRIBUTION '<«—|  TRANSIT SKIMS
SPEEDS MODAL SPLIT (SCHEDULED SPEEDS)
1
: TRANSIT / HIGHWAY
1
; IP TABLE IMPEDANC H'GHTVXQIETR'P
| COMPONENT
1
: | v#
1
+ | INPUTTO NEXT INPUT TO NEXT
! MERATION |- -t FOHEEY  la-{  MERATION
- VIA RESTART VIA RESTART
| I | | i
| Y ! .
: WEIGHTED AVERAGE WEIGHTED AVERAGE
! TRANSIT / HIGHWA HIGHWAY LINK
| TRIP TABL VOLUMES
: IMPEDANC IMPEDANC
!
1
o - m -
No
Yes

USE 1s TO WEIGHT
TOGETHER TRANSIT TRIP
TABLES AND ASSIGN

[ ] EVANS ALGORITHM ONLY



1997 Travel Simulation for the Delaware Valley Region Page 79

computational effort in the search routine that is used to determine A and the complexity of the
required program code changes. For the current iteration, the system total for both the highway off-
network and transit impedance are calculated in the modal split model and passed in a scratch file
to the highway assignment for inclusion in the gradient calculation. Similarly, the final weighted
transit and off-network highway impedance calculated in the highway assignment is passed from
iteration to iteration in a scratch file.

In the Evans Algorithm, trip tables are weighted together from iteration to iteration using A-
based successive averages in exactly the same way as highway link volumes. Thus, the transit trip
table must be calculated with this method before assignment to the transit network.

Disaggregation Into Separate Peak and Off-peak Models

The enhanced DVRPC travel simulation models are disaggregated into separate peak period
(combined AM and PM) and off-peak (the remainder of the day) time periods. This disaggregation
begins in trip generation where factors are used to separate daily trips into peak and off peak travel.
The enhanced process then utilizes completely separate model chains for peak and off-peak travel
simulation runs. The separation of the models into two time periods proved to be relatively straight
forward with few changes to the models or their parameters required. However, time of day
sensitive inputs to the models such as daily highway capacities and transit service levels were
disaggregated to be reflective of peak and off-peak conditions. The changes to the models and the
inputs required for time of day modeling are documented in the following sections of this chapter.

Incorporating Free Flow Highway Speeds Into the Simulation Model

The existing DVRPC model has a fundamental problem that prevents it from being used
directly in an iterative framework. Input highway speeds are unrealistically low, particularly on
freeways. Furthermore, the output speeds from the assignment (via the BRP restraining curve) are
even more unrealistic, perhaps half the true average daily highway operating speeds. This is
common in simulation models developed during the 1970's. Although these speeds cannot be used
for emissions calculations, they generally improve the accuracy of the highway assignment which
responds favorably to a bias against freeways and severe capacity restraint.

The most straightforward way to correct this problem is to insert actual congested speeds into
the highway network through a revised speed lookup table. However, the results of this substitution
were not acceptable. The use of actual speeds increased the total volume error for all screenline
counts from 2.2 percent to almost 20 percent and prevented the model from achieving screenline
validation for purposes of conducting traffic studies and Plan/TIP conformity analyses.

Clearly, a more sophisticated method is needed to incorporate actual operating speeds into the
travel simulation model. It was always obvious that some of the values in the original highway
speed lookup table were not real speeds, but rather a crude form of impedance. The phenomenon
being addressed was that drivers consider distance (or operating cost) as well as travel time when
choosing routes. Freeways move faster than arterials, but there is a limit to the route circuity that
drivers will accept to achieve travel time savings. The modal split model already had a highway
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impedance measure that considered both highway time and operating cost. A theoretically
appealing way to incorporate actual congested speeds is to extend this impedance measure to the
gravity model and highway assignment as well. The entire simulation model would then be based
on a uniform definition of impedance. This impedance definition is similar to the one found in most
disutility-based modal split models, and is calculated as:

Z=k ET+kRT+k, C

Where:

Z = Impedance for a given travel mode.

ET=  Excessor out-of-vehicle time. Terminal time for highway, sum of walk and
wait time for transit. Transit impedance also includes a supplemental
transfer penalty.

RT = Running or in-vehicle time.

C =  Monetary Cost. Fare for transit; out of pocket operating cost plus tolls and
parking for highway.

k,, k,, and k; are calibration constants.

In order to test this approach, highway trees were built using the modal split impedance
definition with actual congested times in the lookup table. The resulting impedance skims were
found to be perfectly collinear with the minimum time skims from the original speed lookup table.
Only a simple scale factor was required to make these impedance skims usable with the original
gravity model friction factor curves, terminal and intrazonal times, etc. Highway assignment path
building was also based on this impedance definition. The capacity restraint calculation was limited
to the travel time portion of the impedance.

Several additional changes were required to produce reasonably accurate estimates of
highway traffic volumes and operating speeds directly from the highway assignment model. The
number of functional classes in the highway link capacity lookup table was increased from 9 to 27
to better account for detailed design capacity variations within the general functional class
designations (freeway, parkway, principal arterial, etc.). The initial highway network speeds were
modified to reflect free-flow speeds (speed limits or measured operating speeds, which ever is
higher). And finally, a formal toll plaza queing model was implemented to better model the toll
collection congestion and delay on the Turnpikes and Toll Bridges withing the region. These
changes improved the accuracy of the highway link volumes produced by the Evans process and
brought the model into compliance with federal requirements that require free flow highway speeds
be used in the initial iteration of the travel simulation process.
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B. Disaggregation of Trip Generation into Separate Peak and Off-Peak

The enhanced DVRPC travel simulation models are disaggregated into separate model chains
for the Peak (combined AM and PM) and Off-Peak (the remainder of the day) periods for the trip
distribution, modal split, and travel assignment phases of the process. This disaggregation assumes
that the peak period is from 7:00 AM to 9:00 AM and from 3:00 PM to 6:00 PM. It is based on the
series of peak period factors given below. These factors represent the percentage of daily trips that
occur during peak periods. They were prepared by Cambridge Systematics, DVRPC's model
enhancement consultants, and are taken from the commission report entitled, "Task 6/7 Peak/Off-
Peak Period Modeling," March 1998.

Peak Period Trip Generation Percentages

Percent of Travel

Trip Purpose During Peak Periods
Home Based Work 52.8%
Home Based Non-work 31.4%
Non-home Based 26.7%
Light Truck 32.4%
Heavy Truck 32.4%
Taxi 32.4%

External-local productions at the nine-county cordon stations were disaggregated into peak
and off-peak components using percentages derived from the temporal distribution of traffic counts
taken at each cordon station. These percentages are documented in the Commission report cited

above. The Peak/Off-peak disaggregation was accomplished in a new trip generation computer
program named TRIPGEN E.

C. Highway Network Coding Procedures

The validated (existing) DVRPC travel simulation model and enhanced Evans peak and off-
peak models have significantly different link coding conventions.

The principal differences between the existing and enhanced highway network coding
procedures involve:

1. Expansion of the functional class system from 9 to 27 individual categories.
2. Refining highway capacity lookup table to better reflect real world variation in specific
roadway designs.
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3. Updating the speed lookup table to reflect free flow speed limits (or measured speed
whichever is higher) rather than assignment speeds.

4. Modifying the network capacities to reflect peak and off-peak hours of the day rather
than daily values.

5. Implementation of new turnpike and bridge toll coding procedures.

6. Development of a formal queuing model to simulate congestion and delays at toll
plazas.

Refined Speeds and Capacities for Highway Look-up Table

The enhanced travel simulation models employ three “per lane hourly capacities™ for each
functional class, corresponding to a high, medium, and low value. This reflects the wide range of
capacities that are observed on the various highway types due to differences in lane width; lateral
clearance; truck use; density of ramps, signals, and/or driveways; median treatment; sub-standard
geometry, etc. that cannot be completely accounted for by simply varying capacity with functional
class and area type. Employing three values for each functional classification and area type allows
for easier and more accurate model calibration.

Note that the “high” and “low” values do not necessarily correspond to absolute maximum
and minimum values, but rather to capacities that are representative of very favorable or very poor
conditions for the given functional class and area type.

For the most part, the “high” capacity values were taken from “Enhancement of DVRPC’s
Travel Simulation Models: Task 1. Highway Network and Assignment Revisions” and the
“medium” values were carried forward from DVRPC’s existing simulation model speed-capacity
table. Exceptions include Parkways and Ramps. For Parkways, the existing values were used for
the “low” range and the Task 1 values were used as the “medium” capacity; for Ramps, the existing
values were also used for the low range, but the Task 1 values were used as the “high” capacity.

The remaining table entries were calculated in the following manner: “low” values for
Freeways and Principal Arterials and “high” values for Parkways were determined by employing the
methods proscribed by the 1994 Highway Capacity Manual (HCM) and assuming conditions
appropriate for the given functional class, area type, and capacity range. “Low” values for
Secondary Arterials were taken as 70 percent of the Principal Arterial “low” value, consistent with
the relationships between the “high” and “medium” ranges of these two functional classes. “Low”
values for Collector/Local facilities were assumed to be 80 percent of the “medium” value;
“medium” capacities for Ramps were taken as the average of the “high” and “low” values.

Table 22 summarizes the high, medium, and low capacities employed by the enhanced travel
simulation models.
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Table 22: Per Lane Hourly Capacities Assuming “E” Service Level

Area Type
CBD Fringe Urban Suburban Rural
Functional Classification (1) (2) (3) (4) (5)
High 2,315 2,315 2,332 2,431 2,493
1 Freeway Medium 1,950 1,950 1,950 2,000 2,100
Low 1,450 1,450 1,450 1,590 1,730
High 1,190 1,190 1,290 1,390 1,530
2 Parkway Medium 1,035 1,035 1,096 1,266 1,453
Low 960 960 960 960 1,120
High 761 805 1,031 1,278 1,489
3 Principal Arterial Medium 600 640 820 950 1,100
Low 460 540 690 810 910
High 552 606 755 937 1,165
4 Secondary Arterial |[Medium 410 460 570 680 800
Low 320 380 480 570 640
High 558 632 702 843 981
6 Collector / Local Medium 400 450 500 600 750
Low 320 360 400 480 600
High 585 613 698 810 910
8 Ramps Medium 460 490 540 680 800
Low 325 365 390 540 680

These hourly capacities are converted to peak and off-peak period capacities through factors which
are analogous to “2KD” factors, which convert between hourly and daily capacity. These factors
are given in the following Tables 23 and 24 .
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Table 23: Peak Period (7:00 - 9:00 AM and 3:00 - 6:00 PM) Conversion Factors

Peak "2KD" Conversion Factors

CBD Fringe Urban Suburban Rural

Functional Classification (1) (2) (3) (4) (5)
High 0.243 0.243 0.252 0.261 0.282

1 Freeway Medium 0.243 0.243 0.252 0.261 0.282
Low 0.243 0.243 0.252 0.261 0.282

High 0.243 0.243 0.276 0.282 0.288

2 Parkway Medium 0.243 0.243 0.276 0.282 0.288
Low 0.243 0.243 0.276 0.282 0.288

High 0.249 0.249 *0.252 0.258 0.270

3 Principal Arterial Medium 0.249 0.249 0.252 0.258 0.270
Low 0.249 0.249 0.252 0.258 0.270

High 0.255 0.255 0.282 0.294 0.300

4 Secondary Arterial |Medium 0.255 0.255 0.282 0.294 0.300
Low 0.255 0.255 0.282 0.294 0.300

High 0.228 0.267 0.267 0.342 0.360

6 Collector / Local Medium 0.228 0.267 0.267 0.342 0.360
Low 0.228 0.267 0.267 0.342 0.360

High 0.174 0.204 0.225 0.246 0.267

8 Ramps Medium 0.174 0.204 0.225 0.246 0.267
Low 0.174 0.204 0.225 0.246 0.267

Table 24: Off-peak Period Conversion Factors
Off-Peak "2KD" Conversion Factors

CBD Fringe Urban Suburban Rural

Functional Classification (1) (2) (3) (4) (5)
High 0.125 0.125 0.129 0.134 0.145

1 Freeway Medium 0.125 0.125 0.129 0.134 0.145
Low 0.125 0.125 0.129 0.134 0.145

High 0.125 0.125 0.141 0.145 0.148

2 Parkway Medium 0.125 0.125 0.141 0.145 0.148
Low 0.125 0.125 0.141 0.145 0.148

High 0.128 0.128 0.129 0.132 0.138

3 Principal Arterial Medium 0.128 0.128 0.129 0.132 0.138
Low 0.128 0.128 0.129 0.132 0.138

High 0.131 0.131 0.145 0.151 0.154

4 Secondary Arterial [Medium 0.131 0.131 0.145 0.151 0.154
Low 0.131 0.131 0.145 0.151 0.154

High 0.117 0.137 0.137 0.175 0.185

6 Collector / Local Medium 0.117 0.137 0.137 0.175 0.185
Low 0.117 0.137 0.137 0.175 0.185

High 0.089 0.105 0.115 0.126 0.137

8 Ramps Medium 0.089 0.105 0.115 0.126 0.137
Low 0.089 0.105 0.115 0.126 0.137
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The new model uses free-flow speeds as inputs in the speed-capacity table. Free-flow speeds
are taken to be the larger of the posted speed limit or the measured speeds from the travel time
survey. Free flow speeds are as follows:

Table 25: Free Flow Speeds (mph)

Free-Flow Speeds (mph)

CBD Fringe Urban Suburban Rural

(W) (2) 3) 4) (5

Freeway 50.0 55.0 55.0 55.0 60.0
Parkway 45.0 45.0 50.0 60.0 55.0
Principal Arterial 30.0 30.0 35.0 40.0 50.0
Secondary Arterial 25.0 25.0 30.0 35.0 45.0
Collector / Local 15.0 15.0 20.0 35.0 35.0
Ramp 20.0 35.0 40.0 45.0 45.0

New Bridge and Turnpike Coding Procedures

The TRANPLAN equilibrium highway assignment program (EQUILB) contains procedures
for modeling the effects of toll charges and queuing delay at bridge and turnpike toll booths. The
TRANPLAN setups used to execute the highway assignment and the highway network were
modified to include the toll charges as part of the highway cost trace variable described in the
introduction of this report. The existing DVRPC model had included toll charges as equivalent time.
The highway network coding procedure modifications primarily involved removing this equivalent
time from the dummy link representing the toll plaza. The actual toll charges assumed in this run
are documented in Chapter V of the 1990 model validation report cited above.

Toll Booth Queuing Model

TRANPLAN also includes a formal toll booth queuing delay model based on the poisson
distribution of vehicle arrivals. This model calculates total delay as the sum of vehicle deceleration
time, toll booth queuing delay, and vehicle acceleration time. This model was originally developed
for the Florida Turnpike Authority. Some customization of the TRANPLAN computer program
was required to adapt the Florida model for DVRPC's use. This principally involved adding a peak
hour factor field to the toll data record and the internal logic of the computer program. The toll
queuing model assumes a hourly traffic volume, while the DVRPC model assigns multi-hour traffic
(peak or off-peak) volumes. The peak hour factor is used to estimate a hourly traffic volume for
purposes of calculating toll booth delay.
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D. Transit Network Coding Procedures

The existing DVRPC model uses the AM Peak transit service as a proxy for the daily service
levels required to estimate daily transit ridership. The enhanced model is stratified into separate
peak and off-peak time periods. In the new model AM Peak service is used as a proxy for the peak
period and mid-day transit service for the off-peak. Both existing and enhanced models use the
transit network coding conventions given in Chapter VI of the 1990 validation report. Separate
transit networks were coded for the AM Peak and Midday (off peak) time periods.

As it is now coded, the 1997 regional transit network includes 8,008.6 miles of scheduled

transit service patterns in the peak period and 5,534.9 during midday hours. The breakdown of this
service by transit submode follows:

1997 Transit Service Miles

Submode Peak Midday
Commuter Rail 1,406.8 779.0
Subway-elevated 204.1 115.8
Surface 6.397.7 4640.1
Total 8,008.6 5,534.9

During the peak period there are 1406.8 miles of scheduled commuter rail service, 204.1
miles of subway-elevated systems (including the PATCO Hi-Speedline) and 6,397.7 one-way miles
of surface trolley and bus lines. The corresponding midday totals are 779.0, 115.8, and 4,640.1
miles, respectively, primarily as a result of the off-peak transit service reductions. The
correspondence between peak period line card and transit facility is given in Table 13 of Chapter VI.
The Midday line card correspondance with transit facility is given below in Table 26.
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Table 26 : 1997 Mid-Day Transit Line Card/Route # Correspondence by Company

Co. 1 - SEPTA City Transit Division

Route # Mode Line Cards Route # Mode Line Cards
c 4 1,2 34 4 55
G 4 3.4 35 4 56
H 4 5 36 4 57
XH 4 6 37 4 58,59
J 4 7 38 4 60
K 4 8 39 4 61
L 4 9,10,11 40 4 62
R 4 12,13 42 4 63,64
Fox-Newt 4 14 43 4 65
2 4 15 44 4 66
3 4 16 46 4 67
5 4 17 47 4 68,69
6 4 18 47 M 4 70
7 4 19 48 4 71
8 4 20 52 4 72
9 4 21 53 4 73
10 4 22 54 4 74
11 4 23 55 4 75,76
12 4 24 56 4 71
13 4 25 57 4 78,79
14 4 26,27 58 4 80,81,82
15 4 28 59 4 83
17 4 29,30 60 4 84
18 4 . o 61 4 85,86
19 4 32.33 63 4 87
20 4 34,35 64 4 88
21 4 36,37 65 4 89
22 4 38,39 66 4 90,91
23 4 40 67 4 92,93
24 4 41,42 68 4 94
25 4 43 70 4 95,96
26 4 44 .45 73 4 97
27 4 46,47,48 75 4 98
28 4 49 76 4 99
29 4 50 77 4 100
30 4 51 79 4 101
31 4 52 84 4 102
32 4 53 88 4 103,104
33 4 54 89 4 105
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Co. 1 - SEPTA City Transit Division (Continued)

Route # Mode Line Cards Route # Mode Line Cards
90 4 106 BSS 6 2.3
MEFSE 6 4

Co. 2 - SEPTA Suburban Victory Division

101 4 116 111 4 128
102 4 117 112 4 129,130
103 4 118 113 4 131
104 4 119 114 4 132
105 4 120,121 115 4 133
106 4 122 116 4 134
107 4 123 117 4 135
108 4 124 118 4 136
109 4 125 119 4 137
110 4 126,127 120 4 138
100 6 1
Co. 3 - SEPTA Suburban Frontier Division
92 4 107 124 4 139
93 4 108 125 4 140
94 4 109 127 4 141
95 4 110 128 4 142
96 4 111 129 4 143
97 4 112 130 4 144
98 4 113 202 4 145
99 4 114,115
Co. 4 - New Jersey Transit Mercer Division
600 5 100 606 5 107,108
601 5 101 607 5 109
602 5 102 608 5 110
603 5 103,104 609 5 111,112,113
604 5 105 611 5 114
605 5 106

Co. 6 - (DRPA) PATCO Hi-Speedline

Route # Mode Line Cards
Local 8 1
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Co. 7 - New Jersey Transit Southern Division

Route # = Mode Line Cards

313/315 5 1.2
317 5 3

400 5 4,5,6
401 5 7
403 5 8,9,10,11
404 3 12
405 5 13
406 3 14,15
407 5 16
408 3 17
409 5 18,19
410 > 20,21
412 5 22
413 5 23
419 5 24

Co. 8 - New Jersey Transit Railroad Division

Corridor 7 50
Pr Jct 7 51,52
Atl Cty 7 53

Co. 9 - SEPTA Regional Rail Division

Route # Mode Line Cards

450 3 25
451 5 26
452 5 27
453 5 28
455 5 29
457 3 30,31
459 3 32
463 5 33
551 5 34
554 3 35

Route # Mode Line Cards

R1 1 1,2 R6 7 8
R2 7 3 R7 ¥ 9
R3 7 4,5 RS8 7 10,11
R5 y i 6,7
Co. 14 - Pottstown Urban Transit
Stw-San 5 200 Coventry Mall 5 202

N End Loop 5 201

Co. 15 - Krapf's Coaches

Route "A" 5 225

Coatesville Link 5 226
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E. Enhanced Gravity Model Procedures

The gravity model procedures employed by the enhanced simulation models represent a
significant departure from the existing DVRPC model in several ways. First, separate peak and off
peak distributions are executed and trips are distributed on the basis of a travel impedance that
includes highway operating costs, transit fares, and highway parking charges as well as the highway
and transit travel times used in the existing model. Further, the gravity model is incorporated within
an iterative equilibrium process (Evans) as a starting point using highway free-flow speeds. The
Evans equilibrium process uses sophisticated optimization techniques (Frank-Wolf decomposition)
to input congestion effects into the trip distribution model through the highway capacity constrained
congested speeds as the Evans process approaches equilibrium. This tends to equilibrate
transportation facility supply and demand to a much greater extent than the previous DVRPC model
which used what amounts to a fixed transportation demand matrix.

Table 27 compares the general trip distribution model attributes for the peak and off-peak
model runs. The trip length estimates given in Table 27 have been recentered to be comparible with
the validated model results in Table 15. Overall, the average trip lengths for individual purposes do
not vary significantly between the peak and off-peak simulation runs. However, because of the
different distribution of travel by trip purpose in the peak and off-peak periods, the weighted average
person trip length is about 2.5 minutes longer in the peak period. This difference resulted primarily
from more work trips and greater congestion levels in the peak period.

F. Enhanced Modal Split Model Application

The validated modal split model described above was also used in the enhanced model runs
described in this report. However, some changes in the model were made to accommodate certain
requirements of the enhanced travel simulation model process.

1. Peak and off-peak time periods were executed in separate model runs.

2. The modal splits output from the model for the off-peak modal split time period were
reduced by 20 percent to account for the variation in transit service between mid-day and
evening. The off-peak transit network was based on Midday service patterns thereby
introducing an upward bias in off-peak modal split. Much of the person trip activity
occurs during evening hours, when less transit service is available.

3. Highway times input to the model were generated by the iterative simulationprocess
starting with free flow speeds, rather than the table lookup highway speeds in the
validated model.

The modal split model outputs from the enhanced model runs are summarized for the peak, off-
peak, and total daily trip productions by county and county planning area in Table 28 and for trip
attractions in Table 29. The total daily production and attraction summaries in Tables 28 and 29 are
comparible in pattern and magnitude to the corresponding columns in Tables 16 and 17.



Page 91

1997 Travel Simulation Models for the Delaware Valley Region

“xuew ySnoayy Aemysry ayj ojur pajerodioour pue [apowt A)1AeIS 9Y) WOIJ PIAOWAI UG dAeY SdLI) [BO0[-[BUIIXS UONe)s Uoplod axiduin [, £9s1of MIN PUR BIUBA[ASUUD] 4

"G 9[qe, Ul SaWI) Ay} Y)im d[qeredwod sanfeA oY) ayeW 0} (L7 0 JO 10308] € Aq
po[eosal usaq oAey douepadwl] “du0Z oY) 10 douepadwur [BuUILId) 9y} 991m) snid souepadur [BUOZIJUI PIWNSSE JO ISISUOI Saouepadwl [9ARI) [BUOZISIU] °S[[0} PUE }SOO

aw) [9ARI) WRISAS Y} Sk [[om se din ay) JO Spus yjoq Je aur) [eurunia) apnjoul ‘yiduay din aSeIsAe Jo Uore[nNo[ed Sy Ul pasn e jey) soouepadull [9ARI} [BUOZISIUT AY],  : 49ION
L€t 996 6SS‘1 (444 8LI‘98L (Tesoqng)
1A4! 9€0°801T vyl €6L TS SIXe], 8
901 ver'tie L0l LIS 8EY sYoniL WSIT 9
V6t 9v0°SS¢ 8'8¢ S8 v0C [ES07]/[ELIRMY [ED07]-[eUIRIXy  C
T9s #+09b Y81 8'LS #9606 Amdxg/Amg oo T-Tewrog ¢
SPPON dLi, dpo1yaA
9°81 ¥86°997°11 I'le 1¥6°10T°9 (reroiqng)
991 0vT SY6°C 991 €08°TLOT paseq SWOY-UON ¢
CLT SOP*PTE9 LT TL8'¥68°T JIOM-UON paseq SWOH ¢
¢'8¢ 6LTL66'T v'8C 99T P€TT JIOM paseq SWOH |
S[PPOIAl dia ], wosiag
(3duepaduay) sdrip, (douepaduuy) sdriy, £1033)e) dri], JoqunN
Mtk | [ejo], Mihicly | e10], PPON
duag, duy,
IgeaaAy ISeIIAY
dorydd MvVid 440 dorgiad Mvid

[PPOJA paduryuy Y} 10§ SNQLIIY [PPOJA UonnqLysi([ dii ], [8IdUd5) : L7 QR L



1997 Travel Simulation for the Delaware Valley Region

Page 92

Ln
o

A~ oOoOwVW~NONNOOO
1T O OOO0OOOO0OO0O OO0

o]
™

Lwwowwumr>
NQN>M O

£ EE
£°6

T°0¢
6°¢C¢
¢ LE
¥°§¢
T"6T
0°tc
6°8T

3TSuel]
jueoxsd

958’8

26965

T9¢
9L9'C
Lee'zT
LST'O¢E
§%0‘8
950'9

92Z'9%S

L99'1C
€9Z'1L
vve’9g
8€8°'62
90Z'1T
865 €€
06T 8L
T0Z'09
8L6°'L6
z9€'62
TZZ'89
85z’ ¥¢€

sdtar
JTsSuexy,

€E9T €LY

098'T9
TZ8'0S§
68T LL
ZSL'8TT
TIV LYT
Zv9'00T
ZL8'8TE
85¥%'S¥T
€07 96
9ZT'I¥T
629'%TE

9Z€’6SS

9L% 'S8

€E¥S 09T
0zZ6'TLE
€5¥'96¢
€ZE'PTE
T19°0¢€T

TSZ’'8%C

L9T' €IS
929’808
€0T'STIE
8L0'C¥T
PTL'0CT
26T'L9T
YPIC'IPT
065°'1CC
%0 '98¢
1€8'€ST
0€8‘96¢C
G99'T8T

sdtar
uosaad

suoT3onpoxd ATTed TB3OL

‘T

TIT'¥

<
. .
o

DO OMHOOO
[eNeoololololololeNele]
(@]

L'z 0€EL'92

£°0 29T

L PeT'T
£ G €679
§°8§ 9ZLAET
LT 095°'¢
8°T S65°C

8°CT GST'€92

6°C LZG'6

T°0 zLe'ze
6°2 068'%2
L8 66T €T
T°9 2S9'%y

Z° ST 65091
S LT 199'S1T
9°12 095'0¢
$°02 LYT'6%
T°9T 699°'€1
8 LT ¥IZ'€E
79T s0¢‘0¢2

aTsuex]l sdrtilL
jusoiad 3JITSuURIL

TOL'880'T

LS6'6€
geL"ze
965’67
z89'9L
90556
9%9'%9
0%9°902
88z 19T
z00’z9
TZ6'06
82L'80T

089°S00'T

0€Z’9S

Zv1’'S0T
99z’'zve
LL6'0ST
TS9'v02
YIV 97T

LLS"950°C

YyL'TIEE
SveE’‘6TE
919°C6T
YPT'CST
YYL 9L

9€5'50T
z8L'88

06%'TIVT
TST'TIVZ
6L9'96

€9% 98T
€88°€CT

sdrag

uosaisd

suoT3onpoid yeed-3JFoO

o]
o

OO HOMNMO OO
AF OO 10000 0O0o

o
o

et >
<t H = 0N O
—

8°€C

59

§5'0¢
L*SZ
G°8T
6" %T
V'8¢
6°TE
0°LE
L'EE
S° L
L°TE
°%c

3TSueiL
jueoied

PYL'Y

z96‘z¢E

66T
z8v 't
069
TEY'9T
S8% 'V
T9%'¢

TLO'€E8C

0v1T’CIT
168'8¢
PG TI€
6€9'9T
$G5'9

6€5 LT
62L'9T
I¥9'6¢C
T€8'87
€69'ST
L00 'S¢
€S6 €T

sdTaL
3TSueI]

I9%'¥8S

€06 12
58081
€65'LT
oLo’‘zwy
G506 TS
966 'SE
ANARANY
0LT'¥8
IOV ' %€
S0Z'0S9
T06'S0T

9%9 ‘€SS

9vzZ'62
TO%’'SS
759621
9LV 'SVT
TL9'60T
L6T'¥8

=)

PLO'T6T'T

€2G 18T
T8Z'68T
L8%'2TT
7¢€6'68
0L6'EY
9GL'T9
ZEV'CS
00T '08
068 '¥¥T
2S1'LS
L9E'0TT
Z8L'LS

eTydt

sdraL
uosaad

SUOT3ONPOId POTISg ¥Head

BAIY Sutuue[q A)uno)) pue poLIdJ dwl], Aq
ysued ], Aq opeA suondnpoaJ dri], uosidJ [#)0 ], JO JUdIIJ Uy e[NUIS [PABL], [PPOIA Padueyuy L661 8T dIqe.L

TY.LOL

6¢C
8¢
LC
a9z
S¢
Ve
(%4
#%
¢
0c
6T

Is3sayd

TY.LOL

8T
LT
9T
ST
7N
EL

TemeTad

TV.LOL

[
L
0T

ANM N0 oo

speTTud

¥do



Page 93

1997 Travel Simulation Models for the Delaware Valley Region

9°8 0TS‘%99
0°0 0

0°0 0

9°0 T6D €T
°T €09°2
50 0%0‘C
8°0 085S ‘T
Z°T YE0'Y
T°0 9vT
70 265’1
£°0 0cCT
z°0 9¢c
S°0 0ST'T
0°0 0

0°0 0

0°0 0

1 SyT’'9¢€
€70 [4sh7
0°0 0

70 80T'Z
70 I8T'1T
8°0 TL9'C
T8 zZeL'zt
E°I €Eve’T
v°cC S€8 0T
6°0 6LS'T
8°0 vve'e

aTsuexl sdraln
qusdoIad 2JTSUeIL
suoTaonpoad ATTed

T8%‘08L 'TT

¥8E'¥Y

¥8¢€ ¥V

T88°00€

000'¥%€T
065 ‘%1€
6€9°'0TC
908‘zze
T9VLTT
L60'9LE
8TZ'6€E
8LL'86
89€'0€C
Z80'9LT
68529
€52'8T1T

9LY '9S6

€IT'0LT
628'9T1T
L09'2ZS
06L'TTIE
PPT'12¢€
Z¥y 9TV
897 '8LT
ZIE'6%%
6GL VLT
ZT10'€6C

sdrar
uosaadg
Te30lL

voay Suruue[J £)uno)) pue poLIdJ dwl ], Ag

*E

(A 4

0°0

<
o

OCO0OOFANNNO LN I ®©
[ejeolololololololalele)

(o))
P .
o

nmeLwYomMmMOMMON
OO ONODOOOO

3TSuRIL
jusdied

6PE'9TE

S69'S

BT
658
£€9
L8L'T
0T
0va
g8
90T
9¢ES

LS9'9T

€6T
0
8T0'T
085
860'T
0LZ'9
L6
T08'%
09L
996

sdtal
JTSuUeRI]

L60"€09

v9e’82

¥9€’8¢

8L6'E6Y

0T TIST
o¥¥%‘coe
00Z'8ET
c6C'11C
90T ‘9L
6TT'€¥C
0€G'S2
200'%9
9L6'6%T
62€'PIT
LZE'O0Y
LTS 9L

96L'626

886 ‘60T
809'SL

006 'T¥E
69T %02
ZTL'80C
soL'€Le
$99'LTIT
s0€‘'2C6T
L8E'FTIT
86C'T6T

sdtarg

uosaed

suoT3onpoxd esd-iJ3o

‘L

‘T

£°8

o
—

QOO0 WwWMWOWwWMOMH >
OO0 00000 ONHHAH

(2}
—

M OoOMLU H>0O ¢
HH MO AN OO OO

jTsuei]

T9T'8%¢€

96L"L

AR
I8T'T
LY6
Lvyz'z
9ET
AT
L9
0¢CT
719

88561

65¢C

0
060°T
T0L
ELS'T
g9%'9
TLE'T
¥€0'9
618
8LT'T

sdral

juediag 3JITSURIL
SUOT3ONPOId POTIad Yeed

P8E'LLT 'Y TIVIOL
Yd

020’91 TYIOL
020’91 ZL
syasg

€06°908 TY.LOL
098’28 19§
0ST'TITT 0S
6EY'CL 6%
PTG TITT 8%
GGE'1I¥ LY
8L6"Z¢€T 9%
889°¢T Sv
9LL'¥E {747
z6g'08 (9574
€5L'T9 (A7
zoz'ze v
9€L'T¥ (087
syong
089°'%Z0’'T MIVIOL
GZT'09 6¢
122'1% 8¢
LOL'08T LE
TIZ9'LOT 9¢
ZEF'ETLT SE
LLO'ZHT 743
70809 €€
LOO'LST ¢s
ZLE'09 TE
PTIL'TOT o€
Aaswobyuon

sdtag ¥dd

uosaad

ysuea I, Aq apeyA suondanpoiJ dri], uostdJ [€)0 ], JO JUdIdJ :UONB[NWIS [dARL], [FPOJA PAdueyuy L66T ‘8T d1qEBL



1997 Travel Simulation for the Delaware Valley Region

Page 94

€% 8T6'9%L T6T'06E'LT T'€ $99°95€ L8S'O0¥T'TT ¥°9 $SZT'I6€ H09°6%T'9 'TIVLIOL

NOIDHY
S°T 80v‘cs8 0TL’609°S T°T STE'6E 06%LES’E (A4 €60'€EP 022’'2TL6'T 'IVIOL
LN
L0 895’9 z60°'026 70 v6e’‘C §95°968S €1 VLTV LzS'eze TY.LOL
S°0 6LL L96'0LT €70 L6C TST'OTT 8°0 Z87 91809 TL
L°0 TI€0’T ¥,.8'282 70 LOL S%0‘28T €°T PZE'T 628'00T oL
Z°0 L6z €ZL'TYT 0°0 vy z60'¢€6 S°0 £se T€9'6% 69
°T 9%°'¢€ gzs'eze 9°0 9ve’T LLTZT'TTIT 6&° 1 SIT’'C IST'ZTT 89
I93S90NOTH
8°'¢C P6T'TS 96L°0T8"'T ¢ ¢ ¥96°S¢C LZE'PLT'T 0'¥ 0€T ‘ST 69%'9¢€9 TY.LOL
g% 888 ‘8 ZSL'SS¢E 6°T Y0V 'Y 0L8'8CC '€ ¥8Y ¥ z88'9cCT L9
[ €E€S'C STT'LTZ 0°T YLE'T AL AN A S° T 6ST'T €0L'SL 99
'€ 6E0'ET Z88'61¥ §°¢ z8L'9 996'0LZ [ LST'9 916 '8%T S9
8°T 0TL’8 TL6'€87 v°T v6e’'¥y 0%0'8T¢ 9" 91E’' YV T€6'S9T 79
¥ s $20'8T 9L0'¥EE [ 4 0T0’'6 6€0'S1C 9L 710’6 LEO'6TT €9
uspue)
9°0 €056 GS6°L99'T 70 v68°€ 808°280°T 0°T 609'S LYT'S8S TY.IOL
0°0 0 6%2'89 0°0 0 060°%¥ 0°0 0 6ST'¥%2 9
€0 9va L8T'¥8T T°0 9TT SET'0CT 0] 0EY ZST'v9 19
0°0 T0T LY9'%2C 0°0 (0574 €66 '€PT T°0 T2 %5908 09
6°0 95L"9 LLS'OVL 9°0 8862 ¥ '18% S° T 89L'€ 9ce€’6ST 69
S'0 00T’Z S6T1°'0S¥ £°0 0SL 6v€'€6T 6°0 0s€’'T 9%¥8'9GT 89
uojburTang
€T EVT'ST L98'0TT'T 6°0 €90'L 06L"€8L 6°T 080°8 LLO'LTY TYLOL
9°0 LEO'T 09T “€LT S'0 0SS 9LE"ETT 8°0 L8V 78109 LS
¥°0 509 6ET'EVT €°0 8€ET T6T°2C6 S0 Loc 8%6°0S 99
g'0 LET 00€ €L T°0 L9 v6Z'LY €70 oL 900’92 S5
8°0 zes'e L8T'VEE S°0 TST'T LSE'STIZ (A I8€'T 0€8°8TT va
L0 LY6'T 918 '6LT S°0 S8 09T'%8T T°T 960'T 959'S6 £8
|30 4 5868 §97'L0T 't 90Z'% ZI8'TET £°9 6LL'Y €SV 'SL (4]
I9DION
aTsueil sSdATIL sdrar 3Tsuex] sdral sdrar 3Tsuexa] sdrail sdtay vdo
jusoaagd 9JTSUBRIL UOSISag jusniad IJTSueIl] UOSIAJ jusoiad IJTSuel] UOSISg
suoT3onpoxd ATTed Te3olL suoT3onpoxd Yead-3Jo SUOT3}OoNpPoId POoTIad Mesad

BAIY Suiuue[d A)uno)) pue porLdJ dwiL], Ag
ysuei], Aq opeA suondnpoaJ dii] uostdJ [€)0 ], JO JUDIIJ U B[NWIS [PABL], [PPOJA PIdueyuy L66T 8T dqe.L



Page 95

1997 Travel Simulation Models for the Delaware Valley Region

I¥8°€

N
o

oOr>~0 0 O O

$S0°T
TLS

6S¢C
6€9°T

FMOANIF ONO O O O
O OO OO0 O0OO0o O o

°T T68°ST

0 T

0 9921
T TE9 "t
g 0SL'L
0 TET'T
T AN

L°8T 9€€'999

YLS'S

L9V €€
6€8 LT
S¥8°21
€5Z'¢€

TZL LT
gzez'eT
569°'%9
TT6'89
60L'8

990’0¢
TE9'¥8¢

—

— N~

O N0 ANWOWD>TANNN
o> mMO™MWO A

L

31sueal sdTalL

708 '6LS

0€C'%S
L8S'9¢€
STT'LY
€50 8L
L6E'6CT
zse‘08
Z9€'98¢
yev ‘€82
008'9%
§59°¢€6
6T8 '€V

E0L'E0Y

8¢S 'T0T
GZ8'TILT
90L'0LE
265692
686°'50¢
£90'%8T

T0Z’'99S

GZ6'69%
ZE9'0TH
670 'TLT
00Z'zZ61
8%0'06

627891
2L6'97%T
STS'96¢C
Z¥0'%8¢
Z¥C'L9T
929'60¢
2CS'9SL

sdtal

jquedied 3JTSUBRI]L UOSISJg
suoT3oRIl3lV¥ ATTRQ TB3IOL

BAIY Suruueld Ajuno)) pue pord duil], Aq

T

(3}
o
w
—
o0

~
—

MNOdMONOO O O
OO O O0OO0O0O000o o o

8°0 LST'L

1%s
0LS'T
LLS'€E
09
656

0 MmO WL o
OO NO OO

06L°8TE

™
<
—

Los'z
029'St
988'8
0S56°'S
€IV'T
752’8
LEE'6
605°1€
8TZ'€¢E
082'%
0T?'¥1
9ve ‘€8t

— =

Mmoo > 00 6y ©
N>~ >oOo>Nd > o

<

arsuerl sdril
juepasad IJTSuUeRIL

SuoT3oeI133VY POTIad

PLO'TEO

¥85 'S¢
098'¢€z
9€8'0¢
98T ‘1S
585 ‘%8
TZ8'1S
6L€'98T
T8L 'S8T
T9T'TE
TZ0'T9
098882

$58°916

ZTE'99

08L"TLT
8TV 'Z%C
0LT'9LT
pey ‘102
0%L'8TT

008‘622

888°60¢€
YET'¥9C
S9T'¥1T
ST8'%ZT
LY1'69

096 90T
666°'C6

LTS '€8T
758 '6€2
STL'80T
9€57'96T
096'82Z%

sdtal
uosaad

T

lead-330

7°0 G20t
0°0 0

0°0 0

0°0 0

0°0 4

70 L9T
0°0 0

9°0 0SS
€°0 €6C
0°0 0

70 ZyI
9°'0 TL8
8°T VEL'S
0°0 g

z°'T SZL
9'1 150°2
S % CLT'¥
9°0 LZ9
81T €ST'T
0°9¢ 995’ L¥E
6°T L90'€
AR AN LY8'LT
0°ST €568
2°0T 568°9
0°'9 0¥8'T
7 PT L98'8
28T 828’6
¥'6C 98T ‘€€
8'%Z €69°'G¢E
9L 62%'¥
8'€T 959°ST
719 §8C'10C

3tsuexl sdTalL
juspiagd IJTSURILL

0EL'8%S IYLOL
9%9 ‘8T 62
LTL'ZT 8¢
6L2'9T LE
.98'92 92
zI8'%% k4
T€9'82 a4
€86 66 €%
€59'L6 ze
6€9'GT TC
veg9’ee 0z
656 'HST 61
Is3sayp
678°98% TYIOL
91z 'S¢ 8T
S%¥0°09 LT
882821 9T
zer'e6 ST
§S5'%0T P
€2€’'599 €1
axemeTaq
ZOF’9€€’T 'IVIOL
LEO'09T ZI
86€'9%1 TI
78869 0T
G8€ ‘L9 6
T06'0€ 8
69719 L
€L6'€S 9
886 'CTT g
88T '¥¥1T 7
L25'8S €
060°'€TT z
z9s‘LZE T
eTydrepeTTud
sdtar ¥do
uosiad

SUOT3D0eI33IVY POTISd ead

ysuea], Aq apeyAl suondeany drif, uosidg Are( Jo JUDINJ ‘UoNe[NUIS [dARL], [PPOJA PIduequy L66T * 6T 2IqeL



1997 Travel Simulation for the Delaware Valley Region

Page 96

6°S 6S0°S0L

Lye’'Z

—l
o

£1g
87T
vee
90L
9¢

16T

91
L6V

OO0 O NOOHONHHN
OO O OO0 O0OO0O0O0OoOo
\X¢]

¥v9 9T

Ln
o

I8¢

£l6
€St
IPT'T
ATAR:
€6C'T
Sv0°‘¢€
0vL
veL

NFH>WWOUMONOWN
OO0 O0OOrtOO0OO0OO0OOo

aTsueal sdral
jusdoIagd IJTSURIL

688 €68 TT

L9TZ'9€

L9Z"'9¢

PLY 060

§66°'60C
606°'6%C
LEL"9VE
Zsv'99¢
z9L'ze6
LYL'0EE
2ol et
695599
06T'CTT
825 '6¥%T
L8%'9¢€
9L6'L6

6EV'LTIT

669291
L6968

€98 'L8S
€99°zze
66T'TI€E
ZLT'0ZS
€IS '¥¥C
ZZL'9TY
ZEL'V0T
6LT'LEE

sdTag
uosiad

suoT3oeI3l31¥ ATTRd TEB3IOL

‘e

>

vy

i
o

OOoOoOoONOOOOHHOWN
OO OO O0OO0OO0OO0O0OO0 oo

o™
.
o

AN MANOHON
OO OO O OO0 Oo

3TSueI]
jusoaag

LTL'SEE

LZTO'T

9¢¢
<L

SO0T
ETE

99

g

0gc

LZ6'9
LT

S0¥
19
G8¢
985 °¢
8EY
LTE'T
€LE
8%¢C

sdTaL

jTsueI]
SUOT30®IJIVY POTI®d Head-3F3IO

LSE'$99 "L

zeL'ee

zeL'ze

99%‘69€'T

SLT'LET
06T'S9T
E8€ "E9T
SOT'T%C
CLE 09
657 91T
9L0"1C
L09'2Z¥%
699°LET
800°L6
zz1've
662'€9

TEVP'$60°T

S¥¥‘S0T
825 ‘89

LE6'Z8E
¥60°0T2
ZZS'sTZ
8Z0'LEE
LLT'6ST
z69'€LT
88¢C '€€T
0ZL'8TZ

sdtal
uosaad

L"8 Zre’‘69¢
0°0 0

0°0 0

(A1) 0Z€’'T
7°0 LLZ
L0 9L
(A 6CT
€0 £6¢€

T 0 9¢
T°0 S¢l
T°0 9

0°0 ik
¥°0 L9eg
0°0 0

0°0 0

0°0 0

6°0 LTL'6
¥°0 L0¢C
0°0 0

(6] 809
°0 49
L0 98L
S*e 899'%
0°T G468
" T 8ZL'T
9°0 LCY
70 9LY

3Tsuea]l sdrilL

jusoxag 3ITSuURIL

CES'6TT'Y T'INIOL
vd
SES'ET IVYLOL
GES'ET zL
syjasdg
800°'TCL TY.LOL
02ZL'ZL 19
6TL %8 09
¥5€'€8 6%
LYE'STT 87
68%'2Z¢ LY
882 'VTT 9%
9%0'TT Sy
zo96'ze 474
T2S'¥L 3874
0zs’zs ¥
g9¢€'2T 1%
LLY9'¥E (0h%
s)ong
800'€ZT’'T 'IVIOL
Y82 LS 6€
69T1°'T€E 8¢
926 '¥0¢ LE
69G°2TT 9¢€
LLO'STT q¢
PHPT'€8T ve
9¢€€'g98 €€
0€E0'EPT (43
PPTTL 1€
657 '8TT o€
KAxswobjuopn
sdrtar ¥do
uosasd

SUOT3DeI]x]V¥Y POTASd YeSd

(pPANuUnuo0))) BIIY Juruue]J AJuno)) pue porLd swiy, &g
ysued], Aq opeA suondeany dii], uosIJ A[Ie( JO JUDIJ uone[nuis [PARLL, [PPOIA Pduequy 661 : 67 dlqelL



[ 4 8T6'9%L T6T‘06E'LT T°€ $99/G99¢€ LB8S’'O¥C'IT ¥°9 $SZ’'T6€E P$09'6F%1T'9 'IVIOL
NOI®HEA
[y ‘
o)} 8°0 6S8 TV z0g’‘96%’S 9°0 LY6'6T 0€ET’'9LS € T°T 26’12 2L0'0Z6'T T'IV.IOL
) LN
[o14]
£
€°0 6€T’T $L0’9%8 T°0 T18 GE9'€SS S°0 LTE'T 6EV‘C6C TYLOL
T°0 €9 9L8'%TT 0°0 TC L6%’'SL 18 v 6LE'6€E TL
20 z6% LZS'1%C T°0 6LT 6968591 70 €T¢ 85528 0L
0°0 ST L¥0'PET 0°0 S 9%6'98 0°0 0T TOT'LY 69
7°0 695'T $Z9'95¢€ €°0 L09 €ze'zee 8°0 96 TOV'€2T 89
I93S90NOTH
1T 086 'TC P6€'T08 T 6°0 €ST'TT 6€6'SLT'T L°T LZ8'0T GG S29 TY.LOL
€°0 Ll 929'99¢ Z°0 43 9Z9'9LT S0 €5% 000’06 L9
T°0 8T €99°90¢ T°0 L8 LO%'GET T°0 76 962 '1L 99
L°0 185’2 6€0'€PE 9°0 €TP'T $95’L2C 0°T 8E€T'T SLY'STT g9
9°0 988°'¢ 66%'L09 S0 706 T LTO'L6E 6°0 Z86'T Z8% 012 %9
6°¢€ G8G'¥%T L9S ' LLE T°¢€ ST’ L gze'‘6€T Z°s 09T'L Z¥Z'8€T €9
uspue)
T°0 61T‘2 GG6/GSS°T 1°0 1SL 6TS'LTO'T €°0 89¢'T 9€EV '8€S TYIOL
=
& 0°0 0 652'8% 0°0 0 ¥8L'TE 0°0 0 SLY'9T z9
> T°0 602 S99 'L¥T T°0 L9 096 '%6 €°0 A7AN S0L'2S T9
2 0°0 0T 005981 0°0 g 687121 0°0 g TI0'S9 09
= z'0 8TZ'T 0S8'¥%ZL "o 8v¥ LY8 €LY €0 OLL €00°1SC 65
> z'0 z89 T89’'8%¥% T°0 T1€C 6EY'S6C €°0 IS¥ ZvZ'€ST 8§
= uojBburTang
[+]
-3}
w ¢'T 129’ST 6L8°26C'T 6°0 1€2’'L LET'6CZ8 8°T 06€’8 VL 'E9Y IYLOL
=
5 L0 61T ¥0Z'1€T S0 699 LEB 9T 0°'T 058 L9€'¥8 LS
= T°0 ¥8 8TZ'921T T°0 v GL9'18 T°0 v €EVS ' vY 95
o) T°0 9z 8L0'8% 0°0 0T GZG 1€ T°0 9T €55 '9T 55
m Z g L9Y ¥.8'59¢ "D 912 8LL'PLT €°0 T8¢ 960'16 i7as]
¢ 70 0TIS'T YOL'ELE z°0 Z8S L%2 "' 2he L0 826 LLY'TET €5
2 8 ¥ ST0‘CIT T08'L¥T 8¢ CTIL'S S60°ZST 9'9 €0€E‘9 90L'S6 zs
[+]
m I90I0KR
@A 3Tsueay sdral sdtag 3Tsuea] sdral sdtag aTsuesy sdril sdralL ¥do
) juesiI8g 2JTsuel] UuUOsSISdg jusdisad IJTSURI] UOSIad jusdiad 2JITSuUBIL UOSIOd
m SUOT3}DeIYIVY ATTRA TBIOL suoT3doeI]]1Y POTISd Yeed-I3I0 SuoT3oeI]131V POTISd Yeed
==
.m (ponunuo))) eary Suruueld Ajuno)) pue pord dwi], Aq
ysued], Aq IpeA suondeIny dii], uossdd A[re( Jo JUDIRJ ‘uonenuis [PABL], [9POJAl padueyuy L661 : 67 2lqeL



Page 98 1997 Travel Simulation for the Delaware Valley Region

Transit shares are highest in the central, densely urbanized portion of the region, but decline
significantly with distance from the Philadelphia Central Business District to very small values in
the suburban and rural portions of the region. Most suburban counties have overall transit shares
on the order of one percent or less. The proportion of transit person trip attractions is much higher
than for person trip productions in the central business district (50.8 versus 18.9 percent), but lower
in the remainder of the region because of the importance of employment density in making a
commercial area attractive to transit riders. Generally, peak period modal splits are about twice as
high as the comparible off-peak values. However, it is interesting to note that off-peak person trips
are much more numerous than peak period trips --19 hours of the day versus 5 hours for the peak
period). Taken together, these two phenomena almost compensate for each other and about 48
percent of all transit trips occur during off-peak hours of the day. This corresponds closely to current
transit counts for all modes and companies which show that about 52 percent of total daily transit
boardings occur during the off-peak.

Work continues on completing the off-peak period implementation of the enhanced nested
modal split model within the Evans Iterative process. The off-peak period may be disaggregated into
separate midday and evening time periods to eliminate the need for the adhoc 20 percent transit
adjustment in the off-peak simulation runs.

G. Enhanced Highway Assignment Model

The Evans travel simulation process embeds the model chain from trip distribution through
highway assignment within the Frank-wolf decomposition so that the effect of capacity restraint is
included in trip distribution and modal split. Following an initial 15 iterations of traditional
assignment, seven iterations of Evans capacity restraint are executed for a total of 22 iterations. In
addition, separate travel simulation processes are executed for peak and off-peak time periods (a total
of 44 iterations). The enhanced model assignment screenline results reported below are for the sum
of the peak and off-peak simulations. Further description of the enhanced assignment process are
beyond the scope of this report, but will be included in a forthcoming supplement to the 1990
validation report.

Table 30 presents the same screenline results for the enhanced travel simulation model. For
the most part, the screenline statistics for the new model and existing model (see Table 18) are
comparable, although the new model may produce slightly lower assignments in urban areas because
the capacity constraint applies to the trip table preparation as well as the highway assignment. The
volumes shown in Table 30 were prepared as part of the development of the travel simulation model
for Chester County. The Chester County portion of the enhanced model output were subjected to
a detailed county-wide validation based on more then three hundred traffic counts. The new model
was found to be significantly more accurate than the existing model when simulating current
volumes on significant roadways in Chester County.
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Table 30 : 1997 Regional Highway Assignment Preliminary Enhanced Model
Summary of Screenlines

1995 1995 1997
Number Counted Simulated
of Volume Volume Percent
Screenline Crossings (000) (000) Diff R?
Inner Cordon Seg. 1 21 259.4 249.0 -4.0% 0.71
(Bucks County)
Inner Cordon Seg. 2 34 508.5 474.7 -6.6 0.89
(Montgomery Co.)
Inner Cordon Seg. 3 14 214.3 238.2 11.2 0.82
(Chester Co.)
Inner Cordon Seg. 4 17 209.8 237.8 13.3 0.94
(Delaware Co.)
Inner Cordon Seg. 5 26 415.0 377.5 -9.0 0.75
(Mercer Co.)
Inner Cordon Seg. 6 28 311.7 326.6 4.8 0.93
(Burlington Co.)
Inner cordon Seg. 7 11 150.9 146.6 -2.8 0.88
(Camden Co.)
Inner Cordon Seg. 8 21 223.3 226.2 1.3 0.88
(Gloucester Co.)
Delaware River (ABCD) 18 554.6 516.4 -6.9 0.93
Schuylkill River (EFG) 40 1,318.0 1,192.5 -9.5 0.70
Center City Phila. (GHI) 60 977.5 927.0 -5.2 0.80
N. Phila. RR (J) 26 491.6 463.9 -5.6 0.92
Crosswicks Creek (PQ) 7 220.3 235.4 6.9 0.80
Camden-Burlington Co. 32 513.7 518.8 1.0 0.84

Boundary (TU)

Total 355 6,368.6 6,130.6 -3.7% 0.84
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H. Enhanced Model Transit Assignment

The enhanced transit assignment process uses the methodology described above except the
transit assignment is conducted separately for peak and off-peak time periods. The results shown
below represent the sum of the peak and off-peak time periods. The transit loading matrix for each
time period was created by weighting together the trip table from each Evans iteration using the
Frank-wolf lambda values used in the highway assignment iterations.

Tables 31 and 32 present the same statistics from the enhanced travel simulation model
output as provided in the existing model in Tables 20 and 21 by submode, the enhanced model
produced slightly more accurate totals, particularly for bus and trolley and subway-elevated.
Overall, the enhanced model predicted total transit boardings within one percent error. The error
statistics by transit company and submode shown in Table 31 for the enhanced model are for the
most part comparable to those of the existing model.

Table 31 : Comparison of 1997 Passenger Counts and Enhanced Model Simulated Volumes
by Transit Submode

1997 1997
Simulated Passenger Percent
Submode Yolumes Counts Difference
Commuter Rail 88,105 85,269 33%
Sub-Elevated / High Speed Rail 350,724 361,152 -2.9
Bus and Trolley 699.294 694.534 0.7

Total 1,138,123 1,140,955 -0.2%
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Table 32 : Comparison of 1997 Passenger Counts and Enhanced Model Assigned
Volumes by Transit Operating Companies

1997 1997
Assigned Passenger o

Company/Division Submode Volumes Counts Difference
SEPTA City Transit Subway-Elevated 297,150 314,193 5.4%

Bus & Trolley 606,995 602.455 0.8
Total 904,145 916,648 -1.4%
SEPTA Suburban
Victory Division Bus & High Speed Line 54,510 46,090 18.3%
Frontier Division Bus 6.085 9.589 -36.5
Total 60,595 55,679 8.8%
SEPTA Regional Rail Commuter Rail 88.105 85,269 33%
Total SEPTA 1,052,845 1,057,596 -0.4%
NJT Southern Division Bus 26,427 29,000 -8.9%
NJT Mercer Division Bus 13,341 15,100 -11.6
Total NJ TRANSIT 39,768 44,100 -9.8%
DRPA High Speed Rail 45,510 39,259 15.9
Grand Total 1,138,123 1,140,955 -0.25%

H. Validation Results of the 1997 Travel Simulatin

The extensive comparisons of the simulated and actual link and facility volumes contained in
this report clearly show that both the existing and enhanced models produce sufficently accurate
results for all ongoing short and long range travel forecasts, plan and congestion management
evaluations, facility level design data projections, air quality/conformity evaluations, etc. At present,
the existing model is used for most facility level evaluations, while the ISTEA/comformity rule
compliant enhanced model is being used for air quality/conformity evaluations and for county wide
planning studies. In the near future, the DVRPC will change over the the enhanced model for all
travel forecasting applications. This report clearly shows that the existing and enhanced models
produce comparable facility level volumes and levels of accuracy. This comparability will allow
transitioning to the new model with little or no disruption to DVRPC's ongoing planning activities

and work programs.
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