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. Mr. Sam F. Cryderman
- : Deputy Director
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= Dear Mr. Crydevrman:

The Highway Planning Division is pleased to present the opening
report of Volume XYII in the Statewide Transportation Modeling
System series. Entitled "Michigan Goes Multi-Modal", the report
documents the preparation of an automated battery of procedures
which will become the basis for the passenger travel by four
modes - highway, bus, rail, and ailr ~ at the statewide or
regional level.

Recent Federal legislation, the energy crisis, and financial
difficulties besetting carriers in all modes make 1t imperative
that departments of transportation be equipped to do multi-modal
statewide transgportation planaing. A modeling system such as
the one described herein seems to be an important step in
achieving this capability.

The programs described in this report were jimplemented by Miss
Joyce Newell. The report was written by Miss Newell and Mr.
Terry Gotts; Mr. Thomas Franklin participated in the production
of the graphicsg. All are members of the Statewide Interagency
Procedures Research and Development Section, managed by Mr.
Richard E. Esch.

Sincerely,

e e,

Richard J. Lilly, Administrator
Highway Planning Division
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Transportation planning ig rapidly becoming a sensitive and compliicated
task, Most transportation departments have come to realize that many issues
which weré once relétively unimportant have, in recent years, grown so
greatly in value that now tﬁeir consideration is vital to any totally
successful transportation.project. This 1s reflected in the Section 169 (h)
guidelines of title 23, United States Code, added to the code by Section 136(b)
of the Federal-Aid Highway Act of 1970. These guidelines "call on Highway
Agencies t6 adopt proéedures and assign responsibilities to insure early
identificétion of potential socisl, economic, and envirommental effects,
beth beneficiai and adverse. The Action Plan is to cover caﬁﬁider&tiun
of alternative aéurges of action, including the option of no highway lmprove-
ment and, wheve appropriare, aiteznative scales of highway improvements

and reliance upon othex transportation modes." (Report to Congress on

Section 109{(h), Title 23, United Staies Code, Department of Tranaportation
Federal Highway Administration, June 1972)
"The process by which decisions are reached should be such as
to merit public confidence in the Highway Agency. To achieve
this objéctive9 it is the Federal Highway Adminigtratién‘ﬁ policy
that” (among other things)” . ., . . appropriate considevation be
given to reasonabie alternatives, including the aliernative of not
buildiﬁg'the project ggg‘alteinatiye modea . . . . appropriate
alternafives which might minimize or avoid adverse social, econowmic,
or envirommental effects should be studied and described , . , .
The kej trade-offs zmong the alternatives should be presented™.
(Section 109 (h) guidelines).
The guidelines go on to state that the Action Plan must jdentify and




assign responsibility and procedures to ensure that "the development of

new transportation modes or the improvement of other wodes are adequately

considered, where appropriate.' Because of these direct references requiring

the consideration of other modes, it 1s now imperative that transportation

agéncies develop some systematic method of'evaluating mulii-modal alternatives,
Even without such directives, present conditions make consideration

of such alternatives invaluable. In the face of a potentially ssrigus

energy crisis, for example, mass transit may become an absolute necessity.

Fotr instance, it has bheen shown that if rail travel were urilized to its

+

full extent, both for freight and passenger service, energy consumption
would be drastically reduced. A Rand Corporation Study of 1971--"The Effect
of Fuel Price Increases on Energy Intensiveness of Freight Transport'--
attempted to measure.modas of transportation by approwximate average energy
intensiveneés, expressed in BTU's per ton mile., Waterways were reported

at 500, railroads at 750, pinelines at i,SSO; trucks st 2, 400--kore than
three times the railroad figurevmand air cargo came in at an astonishing
63,000. Other issues which altermate modes of transportakion wmay help to

address are air and noise poliution, environmenial effects and land vse,

Scarcities of resources are not limited to energy, morecver. In

the face of increased demands on tax revenues, departments of transportation

cannot afford to allocate money to projects without some degree of assurance
that the money will be doing as much good as possible, A statewide multi-
modal model such as the one described here could help to apportion funds

to a transportation system which is "best" for the whole state,

w2



In addition, the subject of multifgodal accessibility is becoming
important. This topic actually}encompasses two relevant lssues. Firét,
‘one might measure the accessibility of varlous socio-economic groups to
various modes of travel. This 1s especially pertinent in the case of
older or lower~income segments of the population. Second, accessibility
by means of a particular mode could be:éalculated and.compared between
modes, This concept also is especiall§ applicable in pgoods movement
to choosing the optimal combination ofsﬂipping modes,

More and more, transportation agenéies will be expected to address
many issues with regard to multiwmodallstatewide planning éysgamatically
and efficiently as some of the above examples indicate, This report

deals with the development of just such a system for Michigan,






It qﬁickly becomes obvious that the task set before transportation

agencles iz no small opne, If the Federal guildelines are to be followed

carefully, certain tools and methods must be developed to aid in a systematic,
accurate evaluation of the proposed and viable alternatives. To wmere effectively

address the task now assigned, many transportation azgenciles ave rurniang to

analysis at the statewide and regional system level. For chis purpose,

transportacion models have been created which are capable of wvaluating

the social, economic, and environmental aspects of projected travel. Buch

a model of the Michigan highway system is now belng uaed extenalvely to

monitor these highway jmpacte. This computer model makes the consideration
of travel, social, ecowomic, and environmental impacts for given alternatives

wuch simpler, for the proposed system additions or changes may be made within

the base data files and the most likely results will he simulated in a
very systematic manﬁer, |

Up until rhis veport, however, Michigan's modal was mainly a highway
model. An invaluable addition to the system is the option of evaluating
other trével modes and the interactlon of those modes with daily highway
travel. This multi-modal option 1g currently being tested at the reglonal

level and hopefully will be avallable for general statewide use within the

" next year, To accomplish this, it has been necessary to define statewide
;55 networks for each mode, defining these transportation systems in such a
way as to permit travel to be diverted from one mode to an&ther in response
to chahging priorities and service levels, Figure 1 shows the four model
networks as they have been developed during the lmplementation of the

multi-modal transportation modeling system. These networks make it possible
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to simulate the effect removing bus service between two cities will have

\

upon air and highwéy usage, for example, It may also prove ilnvaluable to

|

explore the effects of reinstating rail passenger service, Along certain
¥

corridors; this might alleviate some environmentai and enondmic effects
of evermi%creasing automobile traffic in these cases,

In aédition, once a passenger-demand model for Michigan has been
calibratéd at the system level, the basic networks can serve a dual purpdse
and be uéed to formulate a statewide commodity-flow model, The increasing
costs of consumer goods and the current energy shortage demands that
commodities be moved by the most economical and efficient means available.

An effective statewide mﬁltivmddal modeling system for Michigan must
therefore be designed so as to provide a framework not only for testing
the adequacy of existing facilities within present corriders, but also
to facilitate long-range transportation planning. As such, if must be
flexible enough to be able to reflect changing attilitudes, goals, objectives,
and economic conditions at a regiomal level. Moreover, it must have the
capability of testing the probable effects of the implementation of a
number of alternative multi-modal plans and to contrast the socio-economic
and environmenial impacts of each. Only in this way can Michigan address
itself to true loug-range system planning, rather than restricting its
vision to stopgap measures and disjoint trapsportation plaans which may
not be advantageous to the state as a whole and, in many instances, local

communities.
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A workable multi-modal transportation modeling system is worth
little if it does not address itself to system—-level trausportation
planning goals. It is also important that the set of goals be the same

1

for all modes. In this way, they become transportation goals rather

than mode-specific goals and make possible comprehensive statewide

tranéportation plaﬁningo‘ In the real world, each mode competes with
other modes for its share of passengers and commodities. It follows
that any set of goals and cbjectives which treats each mode as if it
existed in a vacuum canuot really reflect reality. |

A partial list of possible siatewlde tramsportation planning goals
may be divided into three general categories: user goals, carrier goals,
and goals for the state as a whole. User goals include such things as

:

decreasing travel time and cost, increasing safety, and increasing accessibility.
This last item is especially important both,éﬂ passengers and to shippers;
passengers wish to be made accessible to a greater ﬁariety-of opportunities
for worl, sﬁopping, and recreation, and shippers would like access to wider
markets and improved sources of supply. In beth cases, a user should be
able to choose between wmodes; an effective modeling system should be able
to provide enough informsiion so that a user's choice of modes is the best
choice for him,

"Carrier goals" deal mainly with the carrier‘s ability to make a
profit. The carvier Wuuld iike to minimize capital costs--vehicle costs,

terminal costs, and the cost of equipment for loading, unloading, and

storage. He wishes to minimize his administrative, maintenance, and
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operating costs. He can increase profit by increasing the volume of
passengers or goods he carries, and he shquld seck Lo accowmpany an increase
in volume with an increase in efficiency. To answer a carrier's questions,
a multi-modal modeling system ought to be able to show him the effects
of his policy decisions on progress toward his particuler set of goals.
Because any goals defined for an entire state must reflect the
interests of all segments of the state's population, they tend to be less
precisely drawn. However, some goals of transportation planning can be
stated in general terms at the statewide level, For example, any state
would like its transportation system to dncrease the accessibility of its
citizens to opportunity, and to do this so that all segmenés of the population
afe treated equitably. In the agrea of land use, transportation may be
used to promote desirable patterns of gfowth, An important g&al of any
state 18 to reduce the adverse lmpacts of igs transportation system on
the enviromment. Finally, a transportation system should acrve as a support
system for increased broductivity of goods and-ser;ices. In order to plan
transportation that serves statewide goals such as these,idecision—makérs
need a modeling system which can show the statewide impacts of mulfti-modal

planning decisions, o






EL SELECTI:

In many situations within the state, a county~-level zone system would

be an acceptable level for present analysis. However, without a finer system,

it might be difficult to test the future effects of adding or deleting short

branches from a given mode. Therefore, Michigan's 547-zone traffic-forecasting

zone gystem was gelected as the appropriate level of detall. The instate

zones, shown in Figure 2, are either ecities, townships, or combinations of

townships. The out-of-ztate zones are county-level or coarser,

Two alternatives were possible for..the development of a passenger-~demand

model. Either an entirely new model could be formulated, or an existing

madeling package could be adapted for use at the 547-zone Ilevel. Two major

factors strongly influenced the decision to choose the latter course of
action,

First, time is of the essence. In both the public and the private
sector of the ecoﬁomyF attention is increasingly being turned to the problem

of whether modes of travel other than highway could be more efficient in

the allocation of limited resources of energy and of money. In view of
the pressing nature of these questions, a methcd of providing answers and

possible soluticns as quickly as possible holds a definite advantage.

Secbndﬂ it was discovered that Stanford Research Institute had developed

a battery of the Staﬁfbrd Network Analysis Package computer programs for

prediéting inter=city multi-modal passenger demand, under the auspices of
the now-defunct Interagency Transportation Council, The SRI package had
£,
o \
been calibrated to Michigan data and was already oriented to system—level

analysis, The modular nature of the battery allows the use of only the

specific programs which directly apply to the zone—level intercity passenger-
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domand situation, Finally, it offers the potentisl to answer many managenent
questions, such as trade-offs between éubsidizing alternative modes, generation

of revenues through augmentation of setrvice, and the calculation of avoidable

costs through abandonment of specific routes,
Therefore, it was decided to adapf{portions of the SNAP battery to the

547-zone system. In this way, a multi-modal passenger-movement model could

be prepared with the least duplication'of effort and expenditure of monetary

and manpower resources, At a later stage, a commodity-flow model will be

added, using data from the U.S. Department of Transportation Rail Waybill

Surveys, trucking commodity-flow information taken by Michigan Department

of State Highways aud Transportation survey crews, and data on goods movement

by alr freight,.
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The present.highway-network Qas first deﬁeloped by the Statewide
Stu&ies Unit in 1966, with the cooperation of the consultant firm of
Arthur D, Little, Ine. It contains all state trunklines plus selected
county roads and_ptinciﬁai segménts:of-highway in neighboring states.
Figure 3 is a plot of this network. The zone System'associated with this
network coﬁtains 547 zomes; 508 are in Michigan and the remainder are
outstate zones; Each Michigan zone is a city, township, or a group of
townships (see Figuré 2}. The.outstatg Zones are coﬁﬁty*levei Oor coarser
(Figure 4). A "centroid" or center of poﬁulation has been chosen for
each zone, This is a given point within the zone at which all travel is
assumed to originate or terminate, The basic element of the highway network
iz a "link", a small segment of highway approximately 1-5 miles in length,.
Each Iink is uniquely identified by a ﬁair.of numbers, called nodes, designating
its endpoints; this is-referred.to as an "A-node, B-node' format. A node
number is found at each intersection and often at county lines. Thus a link is
generally a segment.of highway between two consecutive interséctions. To
complete the highway_iiﬁk file, other links, called "access" or "centroid"
links are included which connect the centroids to the highway system. These
are the short lines with one end unconnected which are easily spotted in
Figure 3. |

Many useful applications of this network would be impéssible, however,
without the information which is stored.in a number of link épecific fields
called 'volume words', As many as 25 pieces of data which describe the

physical characteristics may be stored on each link. A list of the information

-ﬁlll“
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now available is given in Figure 5,

Because this network has been in use for many vears and many programs

have been developed.in conjunction with this network description, it was
obviously the only appropriate choice when selecting a highway network to

use in conjunction with other modes,

w] o



CONTENTS @E; EACH HIGHWAY SEGMERNT OR LINK

AVERAGE SPEED
DISTANCE -
URBAN-RURAL DESIGNATION
TYPE OF ROUTE |
TRAFFIC VOLUME CAPACITY

C AVERAGE ANMUAL DAILY TRAFFIC VOLUME
COMMERCIAL TRAFFIC VOLUME
DESIGN HOUR VOLUME
ACCIDENT FATAL RATE
ACCIDENT INJURY RATE
ACCIDENT RATE

NUMBER OF LANES

LANE WIDTH
SURFACE CONDITION
RIGHT OF WAY
SIGHT RESTRICTION

FIGURE &
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3US NET!

The bus network differs from the aly and vall neiworks in one major
respect: buses use public highways. Because of this, it scemed only
logical to use the existing highway network mentioned in the previcus
gection to create the desired bus network, With the SRf WET BUILD program
in mind, the bus neﬁwork was selected from "Russellls Official National
Motor Coaéh,Guiﬁeﬁ. Each,Michigan route was studied and rthose which
were unigue (in terms of stops) from all others were listed for a total
of 177 routes. These routes were then coded onto the highway network by
suécessiQe node numbers, with negative no&es for nodes at which the bus
tlging this descripiion, the Net Build frogram sglects the necessary highway
links to create a bus network. Since this network is subject to change
whenever routes are added or deleted, this method of defining the bus

network should be very convenient. Bach bus link also bas a volume word

'

containing the frequency per day of buseé.along'that Iink,

In addition, the location of each_bus station appears in the Statewide
Public and Private Facility File (Figure &). This permits the calculation
of the accessibiiity of people te buw statdons with a minimuw of effort
and may be used in aﬁhﬁf statewide slti-wodal analysis. Figure 7 18 a
plot of the bus network as it has been developed during the implementation

of the Statewide multi-modal travel forecasting process.

1.6~
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AIRPORTS
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STATE PARKS
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WEATHER SERVICE STATIONS-NATIONAL
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The air networﬁ, again similar to the highway network system, consists
of all Michigan airporis with regularly scheduled passenger flights and
links joining those airports which are actually connected by at least one
flight., To determine those airports and links which qualified, the "0Offictal
Airline Guide, NorthiAmérican Editipn"'wés consulted, Node numbers are
located at each_airporﬁ} The links in.fﬁis network are one-way links,
since in 5qme cases, flights are only Séhﬁduléd in one direction between
two airports."Each,link,conﬁéins the téévgl time from origin to destination
and the zone of destination (sée Figure 8). A few outstate airports have
also been included in the network so thét, at present, all direct flights
from every Michigan airport has a corresponding one-way link with the exception
of Detroit Metropoli&an-Airport. Only the closest outstate alrports are
currently in the networkﬁ but plans have been made to add all other airports
coﬁnected to Michigan (via Detroit Metro Airéort) by direct flights, Also,
because of changes in écheduled flights, network changes will periodically
be required. A computer plot of Michigan's air network is depicted in
?igure 9. |
| The names and 10cations of all airports included in the current Natiomal
Airport Systems Plan and -the State Aifport Systems.Plan are included in the
Statewide facility file together with data or the passenger travel originating
and terminating at each airport. This was oﬁtained through the cooperation

of the Aeronautics Commission,

~19.
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Traverse City
7511 (Zone 151)

7503 & = ® 7507

(Zone 23?) _ 4 E:Zﬁ _ CﬁoneOAIO)
Grand Rapids ‘ ' Saginaw
é:ggﬂg. B-node : Travel Time Destination Zone
7503 7511 <3 brs. 151-

7511 7503. +3 hrs, 237
7503 75G7 <4 hra, 410
7507 7503 .4 hrs, 237
7507 ‘ - 7511 3 hrs, 151

FIGURE 8  EXAMPLE OF ONEWAY AIR LINKS
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This network was created in nesrly the same fashion as was the highway

network, The "Official Railway Map of the State of Michigan, January 1, 1965"

was used as a guide, All the tracks on this map, except those known to have

been removed, have become part of the coded rall network. An inventory of

all statioms appearing on this map resides in the facility file in Figure 6.

b
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Each segment of rail track between two consecutive stationsg {or intersections)

was coded as one link for a total of 2300+ links., Each link as present

contains siw volume words, The information on these links is listed heve:
1) Distaunce

2} Destinstion Zone

3) Maximum Speed {4z defined by the Rail
4}  Comtrol Section Numbers Planning Section of the
5} Number of Tracks Modal Planning Divisdion)

6} Track Company Binary Code

Scme links also have passenger and freight times, bub in wost cases,

this information is still being collected and edited before belng placed in

the rail network, Blanks may also occur in the other weluwe fields, indicating
that this information has not yet been located for our use., In particular,
speeds have not yet besn coded for the entire state. Outstate rail links

and car ferry links are being added to the netwerk ait this tims.

The network, as it presently appears, contains some branqhes which are not
operational. This is not an oversight. FEvery link need not be used in every
assignment, but it is important to be able to test guickly the effects of
reactivating a given branch line. This can be done most easily if the line
already exists in the network and need only be "opened internally. A plot

of the Statewide rail network is shown in Figure 10,
w22 '
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This program produces a complete transit.link deck for a specified
“transit system from s general trgnslt gystem from a general transit network
link deck and a description of the desired transit network, This description
is given in terms of the consecutive nodes on each one-way transit route
and the local ”centroid” links connectiﬁg the zone centrolds to the transit
network. Since ounly one route is allowed to use a given link; artificial
links are generated fﬁr those links use& by several routes. Each one-way
link in the final transit Iink deck is thus éssociated with ezactly one
roufe {(with the excéption of 1ﬂéal links). The transit r@ute‘on a given
linﬁ has stops at both the origin and destination nodes. If in the original
description of the desired iransit network there were ilutermediate nodes,
the link distaﬁceas timess etc., are combined to give the correct data from
stop to stop. In this way, for example, a bus route with five stops which
travels over 15 higﬁway links can be condensed into four links (see Figure 11),
The existing highway link deck is wtilized to create "local lipks", which
connect each zone centroid to the transit stops {(stations) via highway.
These local links are included in the final transit network,

After this program had been used a few times, and the succeeding programs
examined, the progrém‘was reviged slightly to create another file to aid
in building ﬁhe zone-fo—zone frequency of service matrix needed In the
MODAL SPLIT Progyam. This revision was very winor, but arestly simplified
the task of building the necessary matrix.

Since portions of the cutput of the NET BUILD program ate includead,
a few explanations shbuld e made. In the node description of the transit

("BUS") routes, the node numbers refer to successive nodes on the general

w2 Ly
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transit link deck—-in this case, the existing highway link file. Negative
node numbers are used if the bus does not stop at that node; positive
nodes indicate bus stops (Figure 12). Routes must be uumbsred consecutively
from one, and‘at present, may not exceed thirty-nine. For pﬁrposes of
later convenience and time-saving, all neodes at which a bus stops are
renumbered, beginning with zone centroids. The program lists the reanumbering
scheme, as well as listing the routes which stop at each of the bus stops
(see Figure 13}, The next listing from the program groups the transit links
as regular, express, and local (Figure 14). Regular links are those found
in the highwa& network at which a busg stops at both the oripin node and the
destina;ion node of the link; Express links are defined as those for which
several highway links were combined to form one bus transit link, and local
links are links conmecting zone centroids to bus stops via highway links.
The last table printéd by this program is the final transit link deck
(Figure 15). Avtificilal links were added wherever two routes coincided on
a glven link; these links are éssigued the same data as the.original link,
except that a new node number was used. Dummy links are then used to
connect the nodes (see Figure 16). These'dummy links are given negligible
distances, so that they contribute nothing ko the leugth of a trip.
The transit network created by this program becomes a major builiding
block for each of the succeeding programs. The pvogram is used to create
any transit network desired. A flow chart is showm in Figures 17a-e which

documents the detailed operation of this program,
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TRANSIT ROQUTES

ROUTE
NUMBER

1
2

W

(6308 :]

10

11

iz
13

14

et
&h

~NCDE DESCRIPTION OF ROUTE--

1686-1687-1881-2511-1688-1758-1784-1772-1771-1762
2120-2174-2117-2058-20559-1841-1824-1835-1833-1832-1831-1844-2718- 187{}-1353 1854-1851-1852-1849
1882-2686-1547-2789-1693-2785-1686-1587-1851-2611-1688-1 758-1764-1772-1771-1769
2120-2122-2125-2127-2123-2123-2197-2088-2688-1838-1836-1855-1833-1832-1831-1844-2718-1870-1853-1554
i850-1851-1852-1849-1882-2685-1547-2789-1893-2783-1636-1687-1891-2511-1688-1758-1764-1772-1771-1 763

2120-2122-2125-2123-2197-2655-2688-1838-1837-2495-1833-1832-1831-1844-2718-1870-1853-1854-1850-1851]
1852.1845-1882-2686-1547-27389-1683-1692-1631-1690-1774-1661-1 762
1686-1687-168%-1691-2608-1691-1680-1774-1651-1755
1769-1661-1774-1690-1691-16592-1693-2789-1547-2686-18582-1845-1852-1851-1854-1853-1870-2718-1844-1831
1832-1833-1835-1834-1841-2059-2058-2117-2174-2120
1769-1771-1772-1764-1758-1688-2611-18591-1687-1686-2788-1693-2789-1547-2686-1882-1849-1852-1851-1850
1854-1853-1870-2718-1844-1821-1832-1833-1835-1836-1838-1838-2688-2689-2187-2123-2128-2127-2125-2122

1769-1771-1772-1764-1758- 1688-2611-1 891-1687-1686-2788-1693-2789- 1547-2686-1882-1849-1852—1 85118507

1854-1853-1870-2718-1844-1831-1832-1833-1835-1834-1841-2059-2058-2117-2174-21 20
1765-1661-1774-1650-1691-1692-1693-2789-1547-2686-1882-1849-1852-1851-1850-1854-1853-1870-2718-1844
1831-1832-1833-2496-1847-1838-2689-2197-2123-2128
1686-2788-1693-2789-2547-2686-1882-1849-1852-1851-1850-1854-1870-2718-1844-1831-1832-1833-1835-1854
1834-1841-2055-2058-2117-2174-212C

1769-1661-1774-1680-1691-2068-1691-1685-1587-1686

1769-1771-1772-1764-1758-1638-2611-1851-1687-1686
1850-1847-1846-1845-1678-2970-1685-1684-15582-1563-1565-1674-1673-2630-2068-1675-1668-1679-2574-2708
1598-1610-1505-2438-1602

1602-2838-1805-1608-1512-1 52°~16?2—a6‘39 510-1598-2708-2574-1670-1665-15679-2968-2630-16 73-1674-1365
1563-1582-1584-1685-2070-2678-2840-2846-284 7-2850-BA532-2853-2852-2013- 1 §55- 1 866-2807- 1866-@58 1871

2562-2150-2144-2151-2162-2163
1502-2438-1505-1609-1612-1823-1512-1608-1810-1 553
1563-1552-1584-1685-2070-1678-1835-1845-1 846-15847-
Z2144-2151-2162-2163

2163-2162-2151-2144- 21“0—2"62 1871-18568-1865-2807-1866-1859-1013-1851-1832-1851-1847-1846-1845-1850
1678-2570-1685-1864-1552-1563-1675-1674-1673-1671-2575-1628-1624-1614-1610-1605-2438-1602

8-2630-1673-1674-1265
9-1856-1868-1871-2562




A. NODE RENMUMBERING SCHEME

TRANSIT NETWORK

| NODE . NODE
NO. PN —ROUTES ENTERING NODE—

28 - 1565 13 14 1% 17 18 358
8% 1585 21 zz 2z 24
S0 1528 iz 14 18 17 12 35
91 1602 i3 14 1% 15 17 18 z: 2z 23 24 25 26 33 34 35 36 37 38
92 1623 14 1§ 25 26
93 1659 12 20 '
94 1670 1z 14 15 17 18 35
95 1680 18 20
96 1686 1 2 3 5 7 5 1 i1 12
a7 1693 z 3 £ 6 7 8 @
98 1769 i1 2z 3 4 8§ 6 7 8 9 11 12
99 1815 25 26
100 1817 25 26
101 1832 2 3 7
102 1835 z 3 & 7 8 10
103 1841 2 6 8
104 1850 2 3 4 & 7 8 g ¢ 13 14 15 16 i7 18 19 20 33 34 35 35 37 38 3%
105 1852 z 3 Fd 5 7 § & ic 14 15 16 17 19 20 33 34 35 36 37 38 3¢
106 1857 53 3% 3%
107 1871 4 16 17 20 35
108 1877 33 36 3%
109 1961 23 25
118 1988 29 30
1il 2038 2 24
112 2120 3 4 6 7 .8 iI0 285 26 3?28 2% 39 3 3Z s
113 23128 a7 G 25 2% 28 29 30 32 £
114 2133 27 28 2% 30 31 32 =
118 2153 4 15 18 17 18 27 2% 3¢ 31 32 35 Eg

£l




-.62..

NODE
FROM

NGCDE
TC

REGULAR LINKS

EXPRESS LINKS

96
112
103
102
101
104
108
97

LOCAL LINKS

1
100
2

-100
3
100
4

o8
103
162
101
104
105

37

96

100
100
100

)

6.09
11.89
12.01
1201

6.09
11.89

33.52
16.09
15.96

8.58
1547

7.34
22.09
14:93

2.00

2.00
11.00
11.00
21.00
21.00
17.00

OLD NCRES
1585 25596
1598 2708
1623 1961
1961 1623
2596 1585
2708 1598
1686 1769
2120 1841
1841 1835
1835 1832
1832 1850
1850 1852
1852 1693
1683 1686
25 1817
1817 25
26 1817
1817 26
27 i817
1817 27

1815

B RN N NN -

ROUTES ON LLINK

15 35
17 18
2 3
3

3

3 4
3 4
3

14

15

1o

35

36

37

NSO

14!

38

39
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TRANS!IT LINK DECK

' NODE NODE ZONE
NO.

FROM TO

i1 100
2 2 100
3 3 100
4 4 93

5 5 11z
6 6 114
77 11z
86 "8 119
87 & 97
88 88 &1
89 8% &4
90 88 &%
91 88 104
52 88 123
93 88 153
94 88 154
95 88 155
96 88 156
97 89 91
98 89 111
9 8¢ 118
100 90 68
101 S0 81
102 90 92
03 90 123
104 90 124
105 S0 125
106 99 161
107 91 7
108 91 7

103 91 73
110 91 78
111 91 78
112 91 8%
113 91 9¢
114 ¢1 92
115 9f 104
116 91 111
117 91 161
118 91 162
1i3 91 158
120 81 169

25
z28
27
25
8%
5&
57

O

ot fet hed e B fr Jn
D00 WA WD b B

L R T N R SR VA VN4

DIST.

L 000 00 00 08 80 N
ine = oo
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F

07 o g

[£33 = p)

B 60 v

R N P B N B e B )
SHGEAEesRsRN

e
'

ot
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G0l
.00l

(AT T TS

2
g
1

ot
L
-
o5 O

g.0¢

§gss
o9a%

LELTED - Y RSN AV T &) A I G Y

3.0
32.7
42.9
3.8
40.0
42,4
40.0

48,0

P £ n

el DO W GO RGO G D DN

OO MRN-NEERONODNOO DN MND

-

L

COsT

0.05G
0.280
Q.710
g.52¢
0.050
0.57¢C

.75

0.38¢

HRREE
0.B1C
0.71¢
0.0%0
0.0C0
0.000C

0.00C
0.000
0.000
0.00C

0,000

0.09G
0.000
£.000
£0.000
0.000
2.000
0.000
0.140
3.730
0.360
0,330
0.380
2.000
£.008
0.000
0.00C
0.90%

0.GoC

CARACITY

9928550,
259920,
5299250,
EEERERE
EERE L
5229980,
QO0%090,

9252560,
17950,
5770,
1000C
10000
5770,
5770. .
28000,
180560,
3280,
985399290,
28004
4410,
£760.
£760.
FAET.
23000,
5299550,
SuTI99%.
29938934,
2999594,
5995590,
3540,
2520,
4410,
179580,
20820.
100900
4410,
16000
10660

LMK
MNAME

L.OCAL
LOCAL
LT AL
LOCAL
LOTAL
LOTAL
LOCAL
L AL
LT AL
LT AL
LOCAL
LOCAL
BUS
BUS
CUMMY
DUMMY
BUS
BUS
BLIS
BUS
BUS
LOCAL
LS
BLS
B
EL
B3
aLs
LOCAL
LOTAL
LOCAL
L OCAL
LOCAL
BUS
BLS
BLIS
BUS
BlS
DHURMY
BUS
DUIMY
DUMIMY

FAC’
CODE

J Y

[P Ty ST

e ST I O e Ll IR S A LR RN g e e L g it B S T S L ]

DEGRAD
TIME

2.00¢
11.606
21.000
17.0409

2.000
17.00G
24.000

10,000
4.000
19000
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4,600
27.380
18.950

.60l

001
18.950
18.950
20.419

8.689
6.037
4.000

=
P

R

BEGRAD
SED

30.00
32.73
42.86
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40.00
T 42,38
40,00

48.00
30.00
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5999
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30.00
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Origiﬁal Link

<

2 or more routes

Original Link

<<

%
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FIGURE

16




Call Sul;rjg_utine
NAP:551

RGC(C' i,

Parameters:

Frint Parﬁ'm_aters /

Initialization

Retirn

— - .._._§_.._?... N ]
Call Subroutine
NAP 552

\

Print Route
Data

Vs

/

Code ur;éf_-o;c]ér Links
{Regular, Express)

Return

PIGURE
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Coil SUBROUTINE
HAP553

Read
fDEMOG

(gives Zone 1's
\ of Interest)

Ranumber Controids
{consacutively from 1)

Print Old & New
Centraid ='s

i Nodes ot which Buses
Step (consecutively from
Lost Controld)

Print Table of Old & Mow L
Modes & Routes Stopping of s et e andes <t G

Modas -~ Write to Disk

To QFREQU

(Builde Froquency Motrix

for QIPASDM)

/ Road Link
from Hwy,
Link
Tepe

Ceantroid
Link?

Save Link Data
{5 Links: Manlnk,

tartak- 1, ... )
Link in A Bus N Ne
Route ?
Yes
Sove Link Dulto -
(Mo. Links 5¢q. 1,2, .. )
FIGURE 17b




Cell SuEro‘ufri ne
NAP 534

Find Regular Transit Links
1Coded in NAP 552}
Match with Hwy:l.ink Dota

-

Print Rééqlo: '/
Transit-Liinks /

Find Expre_;-s';i._inks
{Coded in NAP 5521
Match with Hwi [ ink Data

Save Data ~ No. Consec, from |

Add Casts, Distietc, for all
Links Between (& nsecutive
Stops. Sove Datd

FIGURE
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Print Express
Links

- Connects
To Bus Stop?

Ne - Print "Node MHe.)
" i Naoi on Bus Route’

Want
to Use Data
from Access Link of
Hwy Net® ]

Substitute Netw
Data

Calculote Time, Dist., and
Speed - Thase on new Access
Lirnk Supercede Hwy Net Data

Construct 2=way Link (Unless
Specitfied as Y.way) Save Doto.
Cont, No/ing

Find & Link with Mult, Routes

Create New Artiliciol Link

FIGURE 174
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Dummy Link
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Mult, Routes?
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~ PATH PRO

This routine, using each selected transit network from the NET BUILD

Program, determines minimum time paths for each zome centroid pair. Matrices
of wait plus transfer time, access plus egress time, and total transit
travel time are calcglated for the minimum time paths., The paths are
produced for later use in the NET LOAD Program. A headway time -- the
average time between rums -- must be entered for each route. The wait
.time is then calculated by adding onewhaif the headways for ail routes on
the minimum path. This use of headways is not completely satisfactory and
changes have been considered; but the changes would be very time*cénsuming,
botﬁ in making them and in computer run time, so they have been postponed
until.more routine appliaation of the system has been completed.

-1t should also be mentioned that since the flow chart was prepared
for.this program, three smgll subroutines have been added t¢ it. These
subroutines create zone-to-zome cost, fare, gnd frequency of service matrices
for use in the succeeding programs.

Figure 18 gives é listing of the input #arameters. This is followed
by the minimum path taﬁla in Figure 19. The first three numbers are from
the time matrices—~the first Is total transit time from zone 1 to zone 2,
the second is access plus egress time, and the third is total wait time
(all times are in minutes), Next follows the minimum time path, to be
read from right to left. The numbers in parenthesis are route numbers,
the others are node numbers, ‘lhus the first path begins at node #1 (zone
centroid), goes to node {100 (nearest bus stop) and then to node #2
(zone centroid). These node numbers are the newly assigned numbers from

the NET BUILD program. HNote that the path between these two zones does

37~




not utllize a bus route and thus the walt time I8 set equal to zero.. When
the frequency of service matrix is built, this will be noted and subsequently
the frequency of bus service between Zones 1 and 2 will become zero, i.e.,

no routes in any given day. Also of interest 1s the additional wait time
which ié encountered when a traveler must switch buses {indicated by a change
in route numbers)., A flow chaft of the more detailed program operation

appears in Figures 20a-c,
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PARAMETERS 1.

BUS PATHS — — TEST REGION

!\.)

NUMBER OF ZONE CENTROIDS (NCENT}) = 87

NUMBER OF LINKS (NLINK) = 445
{MAXIAUM VALUE OF NLINK = 32000}

NUMBER OF MODES (NNODE}
(MAXIMUM VALUE OF NNODE

174
2400)

NUMBER OF (ONE—WAY) TRANSIT ROUTES [NRTES) = 39
(MAXIMUM VALUE OF NRTES = 40}

FIRST ZONE CENTRO!D FROM WHICH MinNIMUM PATHS TO BE BUILT (NHOME) = 1
LAST ZONE CENTROID FROM WHICH MINIMUM PATHS TO BE BUILT NSTOP) = 87

TRANSIT ROUTE HEADWAYS — MINUTES

ROUTE
NUMBER

A O ~d G CR 4 Ly

Q

HEADWAY

Gtis Ik

i

10.00
©10.00
10.00
1G.00
10.00
10,00
13.00
10.00
10.00
10.00

"

8L




TRANSIT MINIMUM PATH PROGRAM

QUTPUT

PROJECT 1D BUS PATHS——TEST REGION

TREE FROM ZONE 1

13.00 13.00 0.00 2 {0) 100 "(0) 1

23.00 . 23.00 0.00 3 (0) 100 (0} S S

38.50 19,00 5.00 4 (0) 99 (26} 100 ( O) 1

44.60 5.00 5.00 5 {0) 112  {25) 100~ ( O} 1

90.00 19.00  10.00 6 (0) 114 (25) 100 { 0) 1

65.60 26.00 5.00 7 {0} 112 (25) 100 { 0) 1

49,60 10.00 5.00 & (0} 112 {(25) 100 { O} 10

53.60 14,00 5.00 9 (0} 112 {25) 100 { 0) 1

64.40 10.00 5.00 10 (0) 113 (25} 143 (25} 106 { ©) 1
60,40 6.00 5.00 11 (0} 113 (25} 143 {25} 100 { O} 1
47.60 8.00 5.00 12 {0} 112 (25} 106 { 0) 1

49.60 10.00 5.00 13 {(0) 112 (25% 106 { 9} 1

79.00 8.06  10.00 14 {0) 114 {31} 112 {25) 100 { 0} 1t
72.40 18.00 5.00 15 (03} 113 (25% 143 (253 100 { ©} TR
75,00 400 10,00 - 16 (0 114 (313 11z (25} 166 ¢{ O} i
58.40 4.60 5.00 17 (0} 113 (25} 143 (25) 100 {( O} 1 g

HANDIA
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. Time - -
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\L SPLIT PR

This is the firéﬁ program to consider all the desired travel modes
and networks which were produced singly in the preceding two programs,

The MODAL SPLIT program”ié‘an intercity passenger demand model calibrated
to intercity travel within the State of Michiéan. It performs trip
generation, distribution, and modal split based on zonEwtOmzoné modal
time, cost, and freéuehéyvofmservice data, and upon family income levels
in origin and destinaéion zones, Any combination of auto, alr, bus. and
rail modes may be.considered,

‘The program, based upon the zone-to-zone data, calculates percentages
of trips using each mode, and uses these pe;centages in combination with
auto trip tables and income data to generaté trips by mode for each zone
palr, This procedure will permit one to compare trips betwgen‘zones and
"trade-offs' between modes if the relative cost of a given mode increases,
or frequency of service decreases, or even if required travel wait time is
reduced, The program ié also sensitive to changes in the economiec structure
of a community, since one input 1s the number of families wi;h incomes
exceeding $10,000. The zone number listed by this program corresponds
to the zone number of the 547 zone system, The trip tables (Figure 21)
become input for the NET LOAD Program., A detailed flow chart for the

program is shown in Figures 22a-d,




TRIPS TO AUTo TRIP _TABLE AR BUS RAIL
- FROM ‘

25 25 : 0.00 ‘ 0.00 0.00 0.00
: : 26 o 8.83 0.00 _ 0.00 6.00
27 8.95 0.01 0.00 0.00
28 7.82 0.00 0.46 0.00
29 35.68 0.03 2.10 0.00
55 0.96 0.00 0.04 0.00
56 4,56 0.01 : 0.21 0.00
57 28.92 0.02 1.70 0.00
58 10.52 0.60 0.54 0.00
59 4.35 0.00 0.13 0.00
80 5.7 0.01 0.17 0.00
61 11.58 _ 0.01 0.69 C.00
62 8.90 0.01 0.51 0.00
63 G.96 : 0.00 0.03 0.00
64 0.52 0.00 0.02 0.00
65 3.62 0.01 0.15 .0.00
66 7.32 0.01 0.24 0.00
92 1.43 _ 0.01 0.02 0.00
53 1.47 ‘ . 0.01 0.01 0.00
94 0.89 0.01 0.01 - - 0.00
95 : 1.39 0.01 0.01 0.00
96 0.39 0.00 0.01 0.00
97 3.17 ' 0.01 0.02 0.00
98 0.97 0.01 0.01 0.00
99 0.34 . 0.00 0.01 0.20
100 4.46 : 6.02 0.04 0.00
113 7.23 - 0.01 . 0.08 0.00
114 6.13 0.01 0.06 . 0.00
115 4.52 ‘ 0.03 0.04 C.00
116 2.90 0.00 0.06 0.00
117 18.81 0.04 0.09 0.00
[
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]
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This is a generalized program for loading trips on different modal

networks. Accldent data may be entered either (1) by link, or (2) by

mode, link type, and iink facility code groupings. If desired, accident

data by link may be used whenever avallable, and, when not available,
accldent data for that particular group may be substituted by the program.
Parking costs by zone and link toll data were also input data for the

original program, but have since been omitted because they are not applicable

at the present time. ' The original program also contained capacity restraint
and multi—pprpose options which are now, at least temporarily, deleted.

A zonévto—zone fare:matrix is required for all modes except auto; this
matrix is now created by a subroutine oflthe PATH Program and used to
determine the link loadings.

The impgct analysis measurements from this program are guite extensive.
The first table (Figure 23) prints the accident data entered by method two,
Table B of the standard input data would list parking costs by zone (if

used), followed by tolls by link in Table C. Next, a listing of parameters

(Figure 24) and the transit network may appear if desired. (Tables A and
?, B of modal input data)., Table C is printed only when capacity restraint
loading is performed and Table D combines the trip table genefated by the
MODAL SPLIT Program (for given mode) and the zone-to-zone fare matrix.
Thus, most of the major %esults of the preceeding programs may be consolidated
into the output of this program, After these tables of input data are
found the output data. The first table (Figure 25} lists links and the

link loadings for the first mode being considered based upon the paths and

50—



PROBLEM {DENTIFICATION

#4 €45 STANDARD INPUT DATA® * =% #

NETLOAD ——— BUS

CODE NOC.

A~ ACCIDENT DATA {RATES PER MILLION VEHICLE — RHLES ~ AUTC MODE, PER MILLION PASSENGER ~ MILES — TRANSIT MODES)

LINK — FACILITY

TYPE CODE
LOCAL 13
LOCAL 14
HIWAY 1
HIWAY 2
HIWAY 3
MIWAY 4
HIWAY 5
HIWAY 8
MIWAY 7
HIWAY g
Hiway o
MIWAY 10
Hiway 11
HIWAY 12
HIWAY 13
HIWAY 74
LOCAL 1
LOCAL 3
AR 3

—— MO, OF ACCIDENTS ——

FATAL

3.800
8.800
1.800
2.500
5,700
2.300
7.400 ..
2.400
8.800
2,000
4,800
5.800
£.800
2.000
2.800
3.200
£.800
8.800
0.830

INSURY

AQZ.200
402.200

70.8500
143.000
166.700
328,300
184.100
285.800
402,460
A411.300

81.000
478.800
492,200

. 411,300

402,20C
402.000

402.200 .

402,200
0.000

TOTAL

8551.200
2651.200
-0.000
-0.000
-0.00C
-0.000
0.003
.000
8651.200
8651.200
£0.008
0.060
8651.200
8651.200
8651.200
8651.200
86571.200
8651.200
.251

e ACCIDENT RATIOS ——

FATAL

0.873
0.873
0.872
0.873
'0,762
¢.813
s.c8e
1.000
0.872
0.845
1.0060
0.760
8.873
.94
0.873
0.g72
0.872
0.873
0.398

INJURY

- 0,618
0.518
0582
8.59%
0.552
0.618
0.588
0.5%0
2.618
0.665
0.847
2.627
0.818
0.688
0.618
0.618
0.618
0.818

-0.000

TCAL

1.000
1.000
1.006
1.000
1.000
1.600
1.000
1.000
1.000
1.000
1.000
1.060
1.000
1.000
1.000C
1.000
1.000
1.060
1.000

HANDMA
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D

AT

oy i st e



A — PARAMETERS
MO,
CENT.

87

ART

Fid = RAILES

NFid = ©
MINPAT = 2
NTPURPF = 1
VEHCAP = 58.00
MRTES = 39
FEXFAR = 0.00
PEAKT = 1.00

PEAKZ = 1.00

%% % es |NPUT DATA — BUS MODE® =% %= %

NG, NOY FIRST HOME STOP NODES
LINKS NODES GATEWAY NODE  NODE SKIPPED
445 174 8000 1 87 0
NO. RAEN. TIME WMAX. CAP DBEST Z2-2 zZ-2 NEWY
INTR. TIME INCR. TIME  RES ouT TIMES FARES TIME
10 0.00 5.00 50,00 O 1 ) 1 1

WRT
FMT

10

TANODII

ve

°
.

MIN PERS.
/HR MPV /VEH.

MIN T 200

LSIT A IHWVHYL

OWN
COsT

0.060



-Eg_

I,

P

*4s%ee LINK LOADINGS FOR BUS MODE * =%+

o I R T

LIMK NODE NODE ZONE  LINK FACILITY ASSIGNED LATEST :{'OCAODR

NUMBER FROM TO NUMBER CAPACITY TYPE CODE VOLUME SPEED FACTOR ROUTE

1 25 1817 25 LOCAL 1 9.27 30, 0 :
2 26 1817 26 LOCAL 1 10.50 33, 0 ;
3 27 1817 27 LOCAL 1 738 42, ] i
4 28 1815 28 - LOCAL 3 10.37 39. 0 f
91 1565 1850 183 17950, BUS 4 71.50 48, 0.00 14 ,
92 1565 2968 192 5770. BUS & 44.57 a1. 0.91 13

a2 1565 1565 ] DUMMY 9 —0.00 0. 15

84 1565 1565 b - DuUMMY 1 -0.00 oo, 35

85 1565 2968 . 192 5770. 8us 4 3.02 51. - 000 17 =

%6 1565 2868 192 5770 BuUS & 0.45 5. 000 18 8

87 685 1602 236 28000. BUS 2 0.00 &0, 0.00 o1 =l

g8 1858 2038 238 18000. BUS 3 0.00 58, 0.00 22 (&5

29 1585 2596 245 3280. BUS 3 .00 55. 0.00 24 .

100 1598 237 237 : LOCAL 1 29.12 30. ¢ o

101 1598 1602 236 28000, BUS 4 113.42 52, 0.00 13 @

102 1598 1623 235 4410. BuUS 4 11.39 33, 0.00 18

03 1598 2708 244 47a0. BUS 3 5025 48, 0.00 14

104 1598 2708 244 4789. BUS 3 .00 a5, 0.00 15 g

105 1598 2708 244 47860. BUS 3 0.00 45. 0.00 35 Z

106 1602 1602 336 28000. BUS 4 0.00 52. 0.09 17 < |
107 1602 236 236 LOCAL 1 211.78 8. o nd |
181 1815 28 28 3200, LOCAL 1 10.55 29, 0.03 o g
132 1815 1817 26 2450 BUS 3 85.99 50, .03 25 o |
183 1815 1861 240 BUS 3 $6.26 50. 25

134 1817 25 25 LOCAL 1 9,48 30. )

185 1817 25 26 33%0. LOCAL 1 10.82 33. o

186 1817 27 27 5510, LOCAL i 7.53 43, o

187 1817 1815 26 BUS 3 §4.35 50. 0.02 26

188 1817 2120 55 BUS 4 §2.44 44, 0.01 25

182 1832 118 119 LOCAL 1 8.83 43, o

190 1832 21 121 LOCAL 1 10,18 36. o

191 1832 123 123 LOCAL 1 11.14 &3, o

182 1832 1835 113 7010, BUS 4 12.70 46. 6,00 7

193 1832 1850 183 17820, BUS 4 255.10 5%, 0.0 z

184 1832 1850 1863 17890. BUS 4 20.99 51. ¢.00 2

NOTE ASSIGNED VOLUME IS (N TERMS OF VEHICLES ON LOCAL LINKS AND PERSONS ON ALL OTHER

LINKS AN AVERAGE OF 2.0 PERSONS PER VEHICLE WAS ASSUMED




and trips generated by the PATH and MODAL SPLIT Programs, respectively.
The next table (Figure 26) totals data by zone of origin. Then the trips
are placed into appropriate time intervals which could help form a bar
graph, again being grouped by origin zone, and then by destination zone
(Figure 27), If trips are sorted by trip purpose, tables are also printed
by trip purpose and zone of origin. For modes other than auto, the maximum
volume is given for each route aﬁd the link listed on which this maximum
volume is found (Figure 28). After all degired modes and their tables
are completed, two more summary tabies are created. The first table lists
total passenger miles by mode (Figure 29a) and the second gives number
of aécidents by mode and zone of origin (Figure 29b)}.

Figures 30a-n show a flow chart of the program logic., It includes
all options as found in the original program,’even though some are not being
used at this time.

Special note should be made of the data totals by zone of ordgin
table for modes other than auto, The 'column headed "Fare Charges” represents
revenue for the tranmsit company, and with minof adjustments should be

useful in estimating revenue by station or perhaps even by transit company,

=54




ZONE
OF
ORIGIN

PERSON
TRIPS

8.5
21.2
4.8
20,7
87.2

6.8

- 128

70.8
23.8

#&opae

PERSON
MILES

801.7
042,17
878.0
878.8
51317
372.8
38400
1341.8

ACCESS
TIME

173.24
320.0¢
421.52
508.4%
979.84
161.18
387.23
1062.62
458.79

LINE-HAUL
TiME

.91
.05
0.78
624
557
832
0.72
4.04
1.35

CWRHRSHP
CO8TS

37.48
45.45
35.65
40.75
241.01
16.23
35.47
180.43
§0.95

ACCESS
cosTS

2.43
£.2¢
8.90
7.75
14.57
2560
5.28
18.43
8,78

DATA TOTALS BY ZOMNE OF ORIGIN FOR BUS MODE ***5as

FARE
CHARGES

50.9%
53.97
4£.85
47.88
323.48
17.22
41.43
224.49
78.23

~~TOTAL .

FATAL

G.co
0.90
.00
o.g0
.20
0.00
0.6
2.00
0.00

NIDRIO 20 INOZ A STVYLOL

ACCIDENT
INJJRY

0.00
0.00
0.00
Q.00
0.00
600
0.00
.00
0.060

HANDIA

9¢

.
.

COSTS—

PROP. DARM.

.01
0.02
0.01
0.07
0.08
0.00
0.0
0.08

o0z




FIGURE 27

MNETLOAD——--BUS

#%eese TRAVEL. TIME DISTRIBUTION BY ZONE OF ORIGIN FOR BUS MODE #®#ees®

— PERSGN TRIPS SHOWN FOR INDICATED TRAVEL TIME INTERVALS.—

TRAVEL TIME INTERVAL — MIN

DRIGIN .
FONE 15.- 26, 20.- I8, 25.- 30. 30,.. 3k 36.- 40, 40.- 45, 45.- 50O. + 50
25 0.060 0.000 0.000 0.760 2100 4.010 0.640 11.130
3G 0,000 6.000 0.000 0.000 0.000 1.210 2.650 17.430
27 : 0.0c0 0.000 02.000 0.000 0.600 0.00¢ 0.060 14.760
28 0.000 0.000 0.000 0.850 0.000 2.380 0.000 17,510
55 3.770 3.950 2.650 4.200 §.210 4.630 4.100 67.600
65 6.000 0.0600 $5.000 0.270 - (.200 0.180 1.920 4.180
[ 57 0.080 0.004 0.000 0.000 0.060 1.310 0.766 10,440
b 3] 0.000 3.060 3.220 2950 3.480 5010 2.960 51.080
59 0.000 c.0u0 1110 1.860 0.000 1.630 1.350 17.820
»evers TRAVEL TIME DISTRIBUTION BY ZONE OF DEST FOR BUS MODE *°%%+3
- PERSON TRIPS SHOWN VFOR FNDICATED TRAVEL TIME INTERVALS -
|
TRAVEL TIME INTERVAL — MIN
DEST
Z0NE 15.- 20, 20.- 25 8. 30, 30.- 38, 35.- 40 40.- 45, 45.- 50, + 50.
25 0.000 0,000 6.000 0.760 2,100 4.010 0.540 11.550
26 0.000 0.000 0.000 0.000 0.600 1.200 2.650 17.870
a7 0.009 0.000 0.000 0.000 0.600 0.060 0.000 15,060
28 0.000 0.000 0.600 0.850 €.000 2.380 0.000 17.860
65 3.54¢ 3.880 2,450 4.250 6.360 4,970 4.100 75.850
86 0.600 0.000 0.000 0.290 ¢.22¢ 0.200 1.920 4.360
&7 0.000 g.000 0.060 0.00¢ 0.000 1.240 0.750 11.180
88 0.000 2.870 3.150 2.020 3.440 5,740 3.530 56.1106
B9 ) 0.000 8.000 1.040 1.870 0.900 1.520 1510 18.600

wHh=



FIGURE

28:

MAXIMUM VOLUMES BY ROUTE

MAX UM VOLUMES ON ROUTES

ROUTE

~NGH M B N -

LI

149
193
2320
158
328
241
175

—~NODES- YOLUMES

96 o8 124,
101 104 268,
112 113 29,

87 o8 819,
119 104 6%,
106 ag 451,

98 98 131,

57 =




i k% k ki x TOTAL PASSENGER MILES BY MODE * % % % % %

— -~ AUTO MODE — — — — AIR MODE —
LOCAL ARTERIAL FREEWAY ACCESS TRANSIT
1974474, 3451242. 2647718, 12949, 22498,
~ BUS MODE - -~ RAIL MODE —-
ACCESS  TRANSIT ACCESS TRANSIT
¥ 38459, 156678, : 20876. 357809,

i FIGURE 2%a
TOTAL NUMBERS OF ACCIDENTS BY ZONE OF ORIGIN
ZONE
OF —— —— FATAL ACCIDENTS —— — —
ORIGIN LOCAL ARTRL ' FREEWAY AIR BUS RAIL
25 010 015 .005 000 .000 .000
26 015 020 007 001 001 .000
27 009 007 003 -000 0800 000
ZONE
OF e INJURY ACCIDENTS — — — —
ORIGIN LOCAL ARTRL FREEWAY AIR B8US RAIL
25 .020 017 010 000 001 000
26 035 025 012 002 .001 001
27 022 017 .009 000 .000 001
ZONE _
N OF — = TOTAL NUMBER OF ACCIDENTS— — — = ;
1 ORIGIN LOCAL ARTRL FREEWAY AIR BUS RAIL |
' 25 .039 045 .025 .001 001 .000 |
26 075 061 034 003 003 .002
27 042 032 021 000 001 001
FIGURE 29
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| ICLUSION

New Federal legislation has demanded that regional transportation
systems plénning must include_the consideration of modal options and the
adequacy of existing faciiities within present corridors. 1In order for
the results of such.coﬁéiderations to influence the actual selection ﬁf
a transportation plan, therg nust exist a multi—mddél tranSportatiOn
modeling éjstem whiéh.anables decision-makers to monitor the trade-offs
Betweenaalternative plans and to do this quickly and efficiently. Further,
such & modeling system must be flexible enough to reflect changing goals,
at;itudes, and socio—ecoﬁomic conditions,

Michigan is currently testing such a planning-oriented modeling system.
The basic programs in Michigan's package modifications of routiﬁes were
developed specifically for Michigan by the Stanford Research Institute.

At this writing, networks for alr, rail, bus, and highway have been defined,
the four basic programs have been converted to the Burroughs B-5500 computer
ﬁsed at the Michigan Department of State Highwa&s an& Transportatiﬁﬁ, and
passehger‘traffic assignments for all four modes have been-gcéomplished

in & test region, A'feport soon to follow will document the use of the
system in regional multi-modal planning, in which trade-offs between modes
will be examined in.the test region.

This modeling system holds the potential for addressing mény questions
which afe curfently at iésue, such as branch line abandonments, avoldable
_ coéts, subsidy tradehbffs between modes, and induced revenues.generéted Ey
improvements in frequéncies of service. It allows management ?o coipute
needed capital expenditures by route or ta begin to do cost-—benefit or
cost-effectiveness aﬁalysis qp‘propoae& improvements. Its By—products

include the ability to monitor increased or decreased social interaction,
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farm-to-market or factory-to-outlet costs and times, and regional economic

stimulatlion or depresslon as a result of adding or deleting service In one

Cor motre modes of travel, In short, such a modeling framework is necessary

1f effective 1ong—range multi-modal transportation system planning 1s to

become feasible in Michigan.
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