




















Key Concepts

LEVEL OF DETAIL

Level of detail refers to the size of the TAZs and the types of roads to be included in the
model network. Deciding on the level of detail, when defining TAZs and developing
networks, requires the modeler to balance and consider several factors.

Application

The “proper” level of detail depends on the question(s) under consideration. For example, a
regional mobility study might require analysis of only freeways and principal arterials. The

TAZs could be large. This very aggregate level of analysis is sufficient because the goal of
this study is to consider major traffic flows, Corridor studies, in contrast require detailed
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information on intersection operation. Corridor studies generally include freeways,
principal arterials, minor arterials, and collectors. TAZs within the study area could be
quite small, consisting of only one block.

Accuracy

The accuracy of the model should be commensurate with the analysis objectives. A sketch
planning model is an example of an aggregate model used in the early stages of comparing
major transportation alternatives. Sketch planning models, although not highly accurate,
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Intrazonal Trips

The portion of the trips assigned 1o the network is inversely proportional to the TAZ size.
The larger the TAZ, the greater the portion of its trips that are intra-zonal (trips which start
and end within a given TAZ). These intra-zonal trips are not assigned to the network. The
number of intra-zonal trips can affect the results of some types of analysis, including
corridor studies and air quality analysis.
A TR a?’

The three analysis considerations described above are weighed against two’ very practical
considerations—staff resources and-eemputationsistimre. Very detailed networks with small
TAZs may require several weeks or months of staff time to code. The-computerprocessing
4+meww4ﬂ4ncr§i§§m§ngﬁcanﬂy, the level of network detail increases, and the TAZ size
decreases.
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Defining a TAZ System
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@
Defining a TAZ System

TAZs are geographically defined areas used to aggregate households and employees. The
size of TAZs can vary with the model application and can be as small as a block or more
than 10 square miles. Consistency in TAZ boundaries aids in computing historic trends and
error checking. Some regions use a hierarchical TAZ structure that permits the aggregation
of very small TAZs to districts or super districts depending on the analysis application.

During the process of defining TAZs, there are five items that should be kept in mind:

Location of Census boundaries. Census tract groups and block boundaries
generally should not be split. If blocks are split during TAZ definition, Census data
will also have to be split between two or more TAZs.

Transportation network. Arterials and freeways should not split a TAZ. Arterials
are used as TAZ boundaries, because they are frequently used as Census

boundaries. Linking centroid connectors to arterials results in better distribution of
traffic on the network
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Natural and man-made barriers. Natural barriers, such as rivers or mountains,
and man-made barriers, such as railway tracks, restrict access and therefore are
logical TAZ boundaries.

Land-use characteristics. TAZs should include homogenous land uses where
possible. For example, a major office park should be placed in a different TAZ than

3 i s mmtrmnt doosal~
& nenﬁu;b\ix Aﬁg ICSlgwuum uw vw&uyau\gu&

Consistency wiih previous zone boundaries. Vaiuable socioeconomic data and
the capability for comparisons are preserved by maintaining historic TAZ,
boundaries whenever possible,
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million) could have more than 1,000 TAZs,
while small urban areas could have between
200 and 800 TAZs.

Notes:




Connections

O Housing Units

$ Commercial Establishments
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Centroids and Centroid
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Connections

Centroids are nodes that represent the activity center, not the geographic center, of a TAZ.
The activity center can be located anywhere in a TAZ; the goal is to locate the centroid to
best represent the average trip timein and out of the TAZ. Therefore, if development is
evenly dispersed over a TAZ, the centroid should be placed in the center of the TAZ. If all
the TAZ development is located on the western edge of the TAZ, the centroid should be

placed in this location.

Centroid connectors represent the path from a centroid to the highway or transit network.
The connectors represent local streets that carry traffic out of or into the TAZ. Connectors
should generally be connected to links representing collectors, minor arterial, or frontage

road facilities. Centroids should not be linked across natural or man-made barriers or to
limited-access facilities. An example of a barrier ‘would be a TAZ that is bounded by river
with no bridge within or adjacent to the TAZ. In this case, no centroid connector should be
coded across the river. The location of centroid connectors will affect the route- selection

and assignment of traffic to and from the TAZ and, therefore, should be carefully coded.
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Sample Network

Nodes 1 - 99 are TAZs

Nodes 100 - 199 are external stations
Nodes 200 - 1,000 are node numbers
............ Rail Line

— e Gentroid Connectors
&9 Roadway Link




Transportation

l.-w

Networks

{fA network isa representatlon of the existing or future transportation system. The two most

" common types of networks are highway and transit. These networks can be used to
represent other modes, including non-motorized, HOV lanes, light rail transit (LRT), bus
routes, etc. In most TDF models, non-motorized travel is not specifically assigned to the
network, with the exception of the assignment on access links to transit systems.

Highway and transit networks are used in the final three steps of the four-step
process—trip distribution, mode split, and trip a351gnment
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Networks are used to produce an 1mpedance or travel matrix. The matrix shows the NS A
1

impedance or travel times between all TAZ pairs. Impedance, in TDF, is a function of the & . %{s\
fétlme and cost to travel from one TAZ to another. In most models, the impedance used in AN “\
trip distribution is composed of highway travel time and costs. This is assuming that the m@%
highway network impedance is not sufficiently different from a composite transit and e
highway network impedance as to significantly impact the resulting impedance or travel

time matrix.

In very simple terms, mode split is ‘based on a comparison of the time and cost of an auto
trip to the time and cost of a transit trip. Mode split models are also based on mode, '
‘household, and trip characteristics.

Trip Assignment

Highway and transit trips for each TAZ interchange arc assigned {or “loaded onto”) to the
highway and transit networks. Network attributes are used to choose the minimum
impedance or time path on either the highway or transit network. Information on the
number of trips assigned to each link is then stored in output or’ “loaded” network files.

Each of the steps described above will be covered further in later sessions. However, it is
important to realize that the development of networks is a very critical step. The
preparation of highway and transit networks for model calibration, model validation, and
travel forecasting is a time consuming process that must be completed with great accuracy
to ensure good model performance.
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e Base year network

o Existing plus committed network
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TDF modeling requires a number of different networks. The networks, described below,
are an example of the types of networks used to analyze transportation alternatives.

A base year network is used to validate and to calibrate the model. A base year TDF model
is prepared, and the highway and transit trip assignment volumes from the model are
compared to counted highway and transit volumes for that same year.

Existing Plus Committed Network

Once the base year model has been validated, the TDF model may be applied to future year
networks. The existing plus committed network includes only existing facilities and those
programmed for construction. Programmed transportation improvements are obtained from
Transportation Improvement Programs (TIPs) and the State Transportation Improvement
Program (STIP) for which a funding commitment has been made by the implementing
agency. Environmental clearance, political concerns, financial resources, construction
schedules, and other fastors can mﬂuence the compleﬂon da,t@ for transportatlon pmJects

Notes:
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¢ Adopted transportation plan network
+  Future year alternative networks

e Time-of-day network
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Transportation
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Networks

dopted transportation plan network includes those projects included in the adopted
PHWA planning regulations require MPOs,to, adopt an updated MTP every five
~years and every three years for nonattainment areas.[The adopted transportation plan
'represents the transportation system envisioned by the adopted 20-year MTP Loading the
forecast travel demand onto the network will demonstrate how well the transportation
system will perform in the future.

Future Year Alternative Networks

Future year networks that represent the alternatives under study are developed by adding or
editing the links representing a specific alternative to the highway existing plus committed
network and making planned changes to the transit system. The accurate development of
future year networks, each representing a different alternative, is critical to the evaluation
process. Examples of alternative networks might include:

Year 2015-—no new major investment Year 2015—with a new light rail system
Year 2015-—with park-n-ride odear 201 S=-with new freeway
and nnproved bus service capacity

- Time-of-Day Networks

In addition to networks representing different years and different transportation

alternatives, networks can be developed for different times of the day. The accurate
representation of time of day is particularly critical when transit, HOV facilities, or toll
facility alternatives are being invesiigated. Transii schedules vary during the day. In the
peak hour, the number of buses in operation mlght be three times greater than the number
in operation in the off peak. HOV lanes may operate in different directions during the
morning and afternoon peaks. This variation of the transportation system by the time of day
emphasizes the importance of carefully considering whether time of day is critical for the
analysis to be conducted.




Highway Network Files
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HIGHWAY LINK FILE

1 2 3 4 S 6 A 8 9
1 865 0 014 0 4 2 0 1

1 866 0 014 0 4 2 0 1

2 792 0 014 0 4 2 0 2

2 1155 0 014 0 4 2 0 2

3 1155 0 021 0 4 2 0 3

3 784 0 021 0 4 2 0 3

3 1156 0 021 0 4 2 0 3
372 428 0 153 2 5 4 8700 363
373 1481 0 043 8 5 2 250 369
374 1482 0 058 5 5 2 4090 369
375 1485 0 095 5 5 2 240 371
376 467 0 056 4 5 4 8090 99
NODE COORDINATE FILE
Node X Coordinate Y Coordinate é g_ggg:

1 -101833334 35195241 3 Direction

2 101838257 35195786 0 - Two-Way

3 101843832 35196282 L Ono.Way

372 -101831428 35354542 4. Length

373 -101706388 35297876 Lo

o7 4 TNTENENGD N EAnTLn Jo AACHIYY & YDE

;;’72 R nfs ;;;ggj ;Z;; é::,ﬁ, G - Ceniroid Couedcior
376 101613384 35263984 ! - Inferstaie

377 101619064 35239823 2 - Freeway

378 -101618941 35206675 3 - Expressway .
379 -101618597 35183983 4 - Divided Primary Arterial
3%% uz@} 7@@77% 3@5 3 @2422 5 = Und1v1ded Prlmary Arterial

6 - Divided Minor Arierial
7 - Undivided Minor Arterial
8 - Collector
10 - One-Way CBD Primary Arterial
6. Area Type
1-CBD
2 - CBD Fringe
3 - Urban
4 - Suburban
5 - Rural
7. Number of Lanes
8. Counted Volumes
9. Zone or Associated Zone
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NODE COORDINATE FILE

Highway networks are composed of nodes (point locations) and links (line segments).

Nodes. Nodes generally represent either intersections or locations where zone centroid
connectors connect to the network. Shape nodes are used to improve the legibility and
recognition of node maps by creating curves or other street patterns. Node information

must include “x” and “y” coordinates. Intersection nodes can contain information about
turn penalties or prohibitions.

Link Attributes. Links represent roadway segments or centroid connectors. The
information associated with links describes the roadway segment and can include a wide
range of information depending on both the software being used and the application. Link
data generaily include the following:
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A-Node: Number assigned to the node at one end of the link

B-Node: Number assigned to the node at the other end of the link
Direction: One-way or two-way travel on the link

Length: Length of the link in hundredths of miles, for example 0.17 miles
Facility Type: Varies by model, but can contain freeway, expressway, principal

arterial minnr arterial frontace rnad eanllertnr ote
artenal, mingr artenal, rontage roaq, collecior, €1C.

‘ S

# Lanes: 1 lanes for both directions of
Area Type: Varies by model, but can contain Cenirai Business Disirici (CBD),
- CBD fringe, urban, suburban, etc.
 Capacity: Typically provided in a look-up table based on number of lanes, area
o type, and facility type
"~ Speed: Typically provided in 2 look-up table hased on number of lanes, area
type, and facility type
Optional Link Attributes
Volume: Counted number of vehicies in the base year, used for model
validation
"7 Zone: Number of the TAZ associated with the link
Penalties: Turn penalties or turn prohibitions associated with the A-node or B-
S node
Route #: Number assigned to the route profile
Intercept #: Number assigned to the corridor intercept, cut line, or screenline the
link crosses
Comment: Comment field used to annotate information about the link
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Line
Number Mode Headway Mode Path
] o B2 i i5 .oy 104, 417, 416, 415, 410, 405, 464, 403
402, 401, 407, 411, 420, 422, 423, 424
4 18 ey 105, 410, 418, 416, 415, 414, 413, 409, ‘
408, 403
@ 8 @ ¥ R1 2 6 s 806, 807, 608, ...




Transit Networks

Transit networks are, as was the case with highway networks, representations of the transit
transportation system. In a bus system—the most common transit service—the
representation emphasizes service levels, such as the bus headways, stops, transfers, etc. -

Application of transit networks. Transit systems are analyzed to answer a wide variety of
questions, and the most appropriate type of analysis can vary greatly. Creating transit
networks and developing complete mode split models is a very time-consuming and
expensive process and should only be undertaken when the questions to be. answered
require that level of detail, The alternatives to detailed transit analysis will be discussed in
the mode split session of this course. Students should remember that, generally, only the
largest metropohtan areas in the U.S. need to develop full transit networks

Time-of-day and other considerations. Many decisions must be made before the first
transit line is coded. The techniques used depend on the software being used, type of transit -
system being represented, questions being answered, types of data avallable (both travel
data and network information), and other factors, such as: '

. How will time-of-day (AM Peak, PM Peak, Off-Peak) be coded?
o How much of the branching, turn-backs, etc. will be coded?

. How will bus operating speeds be included?

® How wﬂl access to the transn system be coded?

Ty 3
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Actuai routes or besi representation. During transit neiwork development there are many
smaller questions that arise. The most important factor to consider when making these
decisions, is which coding convention will best represent the time/cost/impedance of using
the transit system. For example, if a bus line runs along a roadway that is not included in = -
the highway network, the analyst must decide whether to add that roadway (resulting in
additional links and time), or which alternative road to use to best represent the actual bus
route. With a large transit system, this type of decision will be made hundreds of times.
Consistency and documentation of the decisions are critical.

“On top of” highway networks. Transit networks generally are built “on top of” highway
networks. Along bus routes, for example, the path of the bus is traced on the highway
network, and the nodes that the bus would pass over are listed. Most software packages
permit either each highway node being considered a potential “bus stop,” or selected nodes
can be flagged to indicate that they are the only potential “bus stops.” This is not pos?sible
with a busway or grade-separated rail line. These new facilities are added to the highway
network, when necessary. The accompanying illustration shows the process for coding a
transit network and the resulting transit line file.

3-23




-
-~
&
[

:

@ =eegmem
£
o
o -
(14

o
|

LRT S5
Station )

|l @
@

&
(g
&
u
(
&
i
:—n ®
}
0 )=

a Bus Stdps :

: g

Feeder Bus

Radial Bus @

4 Bus Stops
5288 )

mmmmm

 IX XYY Y
PNR

LRT

Highway Network

Zone Lentroid Connecior

Bus Walk Access Link

LRT Walk Access Link

Drive Access Link

Walk Link Between PNR and LRT Station

Transfer Link Between Bus and LRT
Park and Ride

Light Rail Transit




Transit Access Coding

Transit access links are important for several reasons; the most obvious is the need to accurately
represent the travel impedance of transit trips. A less obvious reason for the great attention paid to
access coding is in the design of transit station areas to accommodate the pedestriana, autos, and

-buses: entering the- statlon area

Software ,;.,,;.,pendgijtf, ‘Transit access coding is so dependent on software design, data available to
develop the model, mode split algorithm structure, and type of analysis that coding schemes are
difficult to describe. Most software packages now have procedures to automatically generate basic
transit access links. Several types of transit access, that can be included in a transit network are
described in the following paragraphs. The most sophisticated transit networks and access schemes
generally are used only in the analysis of high cost and fixed guideway transit projects. The high

cost of data collection and of coding limits the use of these more sophisticated schemes.

CRBD. CBDs present a particular problem in access coding because of the large number of transit
stops within walking distance of every TAZ and the large number of potential transfers. Often,
o-way walk networks are coded in the CBD to link all TAZ and transit stops.

Walk access links. Walk links between TAZ centroids and transit stops generally are limited in
distance. Half a mile is frequently used as a limit. In larger TAZs, the TAZ is often partitioned to
indicate the percent of the population within the maximum walking distance. The process of
partitioning TAZ illustrates the magnitude of data required for transit coding. Population is rarely
evenly distributed across a TAZ, so more effort is required when estimating the population in the
TAZ area that is within a half a mlle ofa traﬁs:ti‘stop ‘This effort requires a Iarge amount of land
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Auto access links: There are two types of auto access to transit, kiss-n-ride {(waveler is an auto
passenger) and park-n-ride (traveler is the auio driver). Auio access links are coded only at the
production end of the transit trip because autos are not available at the attraction end of the trip.
Auto access links are generally only created to either official park-n-ride lots or stations with a
large amount of parking available. The catchment areas for park-n-ride lots are very difficult io
determine. The catchment areas depend on the many factors a traveler considers, such as parking
cost at the destination end of the trip, comparison of the transit and auto travel time from the park-

n-ride lot to the destination, transit and auto level of service, etc.

Transferlmks between transit routes. Transfer links generally are required only when the routes
do not intersect (pass through a common node). Transfer links often can be created by the TDF
software.




Speed/Capacity Table

Amarille Look-up Speed (SP) and Service Volume (CAP) Tables

FC LN CBD CBD-FRG URBAN SUBURBAN RURAL
Sp CAP sp CAP sp CAP spP CAP Sp CAP
1 4 .. .41 57,200 43 67,600 45 67,600 46 38,800 5§ 25,200
1 6 41 85,800 43 101,400 45 101,400 46 58,200 55 37,800
1 8 41 114,400 43 135,200 45 135,200 46 77,600 55 50,400
2 4 38 57,200 40 67,600 43 67,600 45 38,800 55 25,200
2 6 38 £5,800 40 101,400 43 101,400 45 58,200 55 37,800
3 2 35 21,600 36 20,400 39 19,600 41 16,800 48 10,400
3 3 35 32,400 36 30,600 39 29,400 43 25,200 48 15,600
3 4 35 43,200 36 40,800 39 39,200 43 33,600 48 20,800
3 S 35 54,000 36 51,000 39 49,000 44 42,000 48 26,000
3 6 35 64,800 66 61,200 39 58,800 44 50,400 48 31,200
4 2 32 14,800 34 13,400 35 12,600 40 11,000 45 7,800
4 4 32 29,600 34 26,300 35 25,200 40 22,000 45 15,600
4 5 32 37,000 34 33,500 35 31,500 40 27,500 45 19,500
4 6 32 44,400 34 40,200 35 37,800 40 33,000 45 23,400
5 2 32 13,600 34 12,200 35 11,400 40 10,000 45 7,000
5 3 32 20,400 34 18,300 35 17,100 40 15,000 45 10,500
5 4 32 27,200 34 24,400 35 22,800 40 20,000 45 14,000
5 ] 32 34,000 34 30,500 35 28,500 40 25,000 45 17,500
5 6 32 40,800 34 36,600 35 34,200 40 30,000 45 21,000
o 2 Z6 12,800 35 13,600 33 G800 37 7,200 4 4,600
6 3 26 19,200 33 17,400 33 14,700 37 10,800 40 6.900
6 4 26 25,600 23 23,200 a3 19600 27 14.400 A0 0,200
6 6 26 38,400 33 34,800 33 29,400 37 21,600 44 13,800
7 2 26 11,800 33 10,600 33 9,000 37 6,800 40 4,200
7 3 26 17,700 33 15,900 33 13,500 37 10,200 40 6,300
7 4 26 23,600 33 21,200 33 18,000 37 13,600 40 8,400
8 2 23 11,000 29 9,800 30 8,200 34 6,000 38 3,200
8 3 23 16,500 29 14,700 30 12,300 34 9,000 38 4,800
g 4 23 22,000 29 19,600 30 16,400 34 12,000 38 6,400
8 6 23 33,000 9 29,400 24,600 34 18,000 38 9,600
10 12 30 88,800 30 80,400 33 75,600 37 66,000 40 46,800
11 2 12 15,000 20 15,600 25 15,000 30 15,000 35 15,000
FC:
1 - Interstate 6 - Divided Minor Arterial
2 - Freeway 7 - Undivided Minor Arterial

3 - Expressway
4 - Divided Primary Arterial

5 - Undivided Primary Arterial
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8 - Collector

10 - One-Way CBD Primary Arterial

11 - Centroid Connector




Look-Up Table. The speed and the capacity on highway links can be coded in two
different ways. The most common technique is to classify the links by thelr facility type
and the area type where the links are located. The facility type and the area type then are
used to find the speed and the capacity in “look- -up” tables. The other procedure is to code
the capacity and speed on each link. During calibration, link speeds and link capacities are
adjusted to improve the distribution of traffic. If speed and capacities are coded in the link
data, these adjustments must be made manually for every link impacted. For this reason,
most models use look-up tables.

Facility type (also referred to as functional classification) describes how the roadway
segment operates. The particular classification scheme varies between regions, but the most
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Freeway. A facility with full control of access, giving preference to through traffic (e.g.,
interstates and turnpikes.)

Principal Arterial. A facility with a painted area wide enough to protect a left-turning
vehicle or with barrier/median separating opposing traffic flows. This facility carries most
of the long trips made within an urban area and emphasizes traffic movement rather than

land access.

Collectors. Streets that collect traffic from local streets in neighborhoods, and channels
flow into the arterial system. A small amount of through traffic may be carried on collector
streets, but the system primarily provides access to abutting land, carrving local traffic to
roads with more capacity.

Centroid. Local streets within a TAZ are represented by centroid connectors.

Notes:
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The network building process is accomplished somewhat differently in software packages.
However, the general procedure is to create a network file from a link file and a node
coordinate file. This binary network can be viewed and edited (in most software packages)
on the screen. Completion of the network building process and visually checking the output
network on the screen is the first opportunity to check for errors. A more complete
discussion of error checking for both networks and TAZ structure will follow, but it is
important to emphasize that creating the first built network is in no way the end of the
network development process. Extensive network error checking should occur before the

Notes:
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Path Building

B =

and Skims

Path building procedures find the minimum path between every TAZ interchange. The ‘p ath
can be the minimum time, distance, or a calculated impedance: Impedance is a function of -
time (mcludmg wait time, transfer time, in-vehicle time, etc.), distances, and cost. The
impedance function is defined by the user and can vary between link types and mode: Path
building is the basis for thefasmgnment step of TDF.models, but it also plays an. 1mportant
role in error checking and validation of networks, trip distribution, and mode split. In'trip
distribution, the interzonal Vlmpedances are used as an input to the gravity model. The _
difference between transit impedance and auto impedance for each TAZ mterchange is one
component used to predict mode split. '

Path building, in most software packages, will generate matrices showing time, distance,
and/or impedance for all TAZ interchanges’ impedance. Impedances are an accumulatron
of other network values, such as tolls, walt time, and transfer tlme

Trees

Trees area graphic diSplay'showing the minimum travelrtime or :impedance paths through a
network from one TAZ to all other TAZs. Trees are particularly useful for checking that
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Skims

Skims or travel time matrices contain information about the minimum impedance paths
‘between all TAZ pairs in a network. Also referred to as the skim tree matrix or travel time
matrix, these matrices are used in trip distribution, mode split, and trip assignment steps.

The matrices can contain:

travel time - minimum travel time between all TAZ pairs
travel distance - minimum distance between all TAZ pairs
travel impedances - minimum impedance path which is a function of

time and tolls.




Error Checking,

Validation, and GIS

Error Checking Technique
Missing links and nodes Visual inspection of network path

. building, plotting skim trees
One-way links the wrong way Path building, blottiﬁg skim trees

Trips passing through a centroid Path building, plotting skim trees
and connections

Incorrect link attributes Color coding networks in GIS on
the screen or plots; check for valid
ranges of attribute values; produce
and check tables of shortest travel
times between zones

Speed/capacity iabie Skim trees wiil show zig-zagging
patterns, avoiding the freeway or
other type of facility

Transit coding Tracing paths, producing and

checking comparisons of transit and
auto travel time, producing tables
with number of transfers, wait times,
etc. to check for reasonable values




Error Checking,
Validation, and GIS

The accompanying table of errors and corresponding techniques for finding the errors is
not exhaustive. Modelers should always be on the look out for new methods to view the
networks, or accompanylng data, that can highlight errors or problems The following
examples describe the error-checkmg techniques available in most software packages.

Path building algorithms vary slightly between software but generally are based on the
“Moore algorithm.” This algorithm calculates the set of shortest routes from a production
node to other nodes. The trees are developed by working out from the production node to

rraacing nrdar of v temmadn

all other accessible nodes in d’i\.au;aoxus order of their impeaance.

Trees are a visual illustration of the “minimum path(s)” found in the path-building process.
These trees show the shortest path from a given TAZ to all other TAZs. These trees are an
excellent way to identify illogical travel paths. These trees usually are based on impedance
(as defined by software or user), distance, or the freeflow travel times; all are useful in
checking link attributes.

GIS can be used to color code the network attributes which can help identify errors in link
attributes, such as speed capacity, facility type, area type, number of lanes, one-way/two-

RVVIIR. O IR
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Notes:
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GIS 1s becOming a widely used tool

Air quality analysis requires detailed
information




Ongoing Research

The trend in both TAZ structure and network definition is for more and more detail; the
TAZ are getting smaller, and the networks are becoming more detailed. Smaller TAZs
require more detailed land use information and more sophisticated data storage and data
management. GIS is increasingly being used to provide and maintain the detailed land use
and network information required by TDF models.

Networks are not only including more of the transportation facilities (including minor
arterials and collectors) but also require more information about each roadway segment.
This additional information is important for air quality analysis and policy analysis.

Notes:
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