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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 air - at the statewide or 
regional level. 

Recent Federal legislation, the energy crisis, and financial 
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PREFACE 

Transportation planning is rapidly becoming a st:maltiv" and complicated 

task, Most transportation departments have come to realize that many issues 

which were once relatively unimportant have, in recent years, grown so 

greatly in value that now their consideration is vital to any totally 

successful transportation project. ,This is reflected in the Section 109(h) 

guidelines of title 23, United States C<;Jde, added to the code by Section 136(b} 

of the Federal-Aid Highway Act of 1970. These guidelines "call on Highway 

Agencies to adopt procedures and assign responsibilities to insure ear~ 

identification of potential social, economic, and environmental effects, 

both beneficial and adverse. The Action Plan is to cov<'r comJidm:ation 

of alternative c.our<;es of action, including the option of no highway improve­

ment and, where appropriate, alternative scales of highway improvements 

and reliance upon ~JO£-apsportation modes." (Report to Congress on 

Section 109(h), Title 23, United States Code, Depart1nent of Transportation 

Federal Highway Aillninistration, June 1972) 

"The process by whieh decisions are reached should be such as 

to merit public confidence in the Highway Agency. To achieve 

this objective, it :ts the Federal Highway Administration's policy 

that" (among other things)" • , •• appropriate consideration b., 

given to reasonable alternatives, including the alternative of not 

building the projC'ct and alternative modes appropriate 

alternatives which might minimize or avoid advers<' soe:tal, <'economic, 

or environmental effects should be studied and described • 

The key trade~offs aillong the altern11tives should be presented". 

(Section 109 (h) guidelines). 

The guidelines go on to state that the Action Plan must identify and 



assign responsibility and procedures to emiUre that "the development of 

new transportation modes or the improvement of other modes are adequately 

considered, where appropriate," Because of these direct references requiring 

the consideration of other modes, it is now irnperaU.ve that transportation 

agencies develop some systematic method of evaluating multi-modal alternatives, 

Even without such directives 9 present conditions make consideration 

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

energy crisis, for exampleP mass transit may become an absolute necessity0 

For instance, it has been shown that if rail travel were utilized to its 

full extent, both for freight and passenger setvlc.e, energy consumption 

would be drastically reduced. A Rand Corporation Study of 1971---"The Effect 

of Fuel Price Increases em Energy Intensiveness of Freight Transport"-­

attempted to measure modes of transportation by approximate average energy 

intensiveness~ expressed in BTu•s per ton mile~ Waterways were reported 

at 500, railroads at 150. pipelines at 1,850, trucks at 2,400---·-~t,ore than 

three times the railroad figure--and air cargo carne in at an astonishing 

63,000. Other issueA cJhich alternate modes of transportation may help to 

address are air and noise pollution, environmental effeetD and land use. 

Scarcities of resources are not limited to energy~ moJ-~emn::::r. 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, 

'"":"2-



In addition, the subject of multi-tpodal accessibility is becoming 

important. This top i.e actually. encompasses tt-JO relevant issues, First, 

one might measure the accessibility of various socio-economic groups .!=.£ 

various modes of travel. This is especially 
1
pertinent in the case of 

older or lower-income segments of the p-opulation~ Second 9 accensib:Llity 

£r ~ .£[ a particular mode c'ould be calculated and compared between 

modes. This concept also is especially applicable in goods movement 

to choosing the optimal combination ofshipping modes. 

More and more_} transportation agencies will be expected to address 

many issues with regard to multi-modal statewi.de planning syst¢rnatically . . '• 

and efficiently as some of the above examples indicate, This report 

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

~] .•.. : 



· INTRODUCTION 



\":' 

: .·; 

_, 
I 

INTRODUCTION 

It quickly becomes obvious that the task set before tntttsportatlon 

agencies is no small ope. If the Federal guidelines are to be followed 

carefully, certain tools and methods must be developed to aid in a systematic, 

accurate evaluation of the proposed and viable alte:rnatiV'es, To more effectively 

address the task now assigned, many transpo:rtatton agencies are turning to 

analysis at the statewide and regional system level. For th:i.s purpose, 

transportation models have been created which are cap.able of e:valunt.ing 

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

a model of the Michigan highway system is now being used ext:ena.ively to 

monitor these highway :pnpacta. This computer model makes the consideration 

of travel, social, ecmwmie,, and environmental impacts for given alternatives 

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

the base data files and the most likely results will be simulated in a 

very systematic manne:e ~ 

Up until thiB repot·t, hm•Jever, Michigan' '1 model ""'"' mg.inly a high1u.y 

model, An invaluable addi.tion to the system is the option of evaluating 

other travel modes and the interaction of those modes with daily highway 

travel. This multi~modal option is currently being tested at the :regfonal 

level and hopefully ~1Ul be available for general statewide use within the 

next year, To accomplish this, it has been necessary to define statewide 

networks for each mode, defining these transportation systems in such a 

way as to permit travel to be diverted from one mode to another in response 

to changing priorities and service levels, Figure 1 shows the four model 

networks as they have been developed during the implementation of the 

multi-modal transportation modeling system. These networks make it possible 

-4-



\ 
to simulifte the effect removing bus service between two cities will have 

upon air '!and highway usage, for 
I 

example. It may also prove invaluable to 

explore the effects of reinstating rail passenger service, Along certain 

' \ 
corridors,\ this might alleviate some environmental and economic effects 

of ever-if>creasing automobile traffic in these cases. 

In addition, once a passenger-demand model for Michigan has been 

calibrated at the system level, the basic networks can serve a dual purpose 

and be used 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 multi-modal modeling system for l'Jichigan must 

therefore be designed so as to provide a framework not only for testing 

the adequacy of existing facilities within present corridors, but also 

to facl.litate lonw-range transportation planning, As such, it must be 

flexible enough to be able to reflect changing attitudes, goals, objectives, 

and economic conditions at a regional 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 environme.ntal impacts of each. Only in this way can Michigan address 

itself to true long-range system planning, rather than restrict:Lng its 

vision to stopgap measures and disjoint transportation plans which may 

not be advantageous to the state as a whole and, in many instances, local 

communities. 

-5-
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GOAlS fOR STATEWIDE 
TRANSPORTATION PlANNING 

A workable multi-modal transportation modeling system ls worth 

little if it does not address itself to system-level transportation 

planning goals. It· is also ru~ortant that the set of goals be the same 

for all modes. In this way, they become tranSJ:lO;rtati?E. goals rather 

than mode-specific goals and make possible comprehensive statewide 

transportation planning. 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 objectives which treats each mode as if it 

existed in a vacuum cannot really reflect reality. 

A partial list of possible statewide transportati.on 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 to passengers and to shippers; 

passengers wish to be made accessible to a greater variety of opportunities 

for work, shopping, and recreation, and shippers .-ould like access to wider 

markets and improved sources of supply. In both cases, a user should be 

able to choose between modes; an effective modeling system should be able 

to provide enough information 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 carrier would like 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 

-6-



operating costs. He can increase profit by increasing the volume of 

passengers or goods he carries, and he should seek to accompat1y 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 particular 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 

>JOuld like its transportation system to increase the accessibility of its 

citizens to opportunity, and to do this so that' all segments of the population 

are treated equitably. In the area of land use, transportation may be 

used to prl)mote. desirable patterns of growth. An important goal of any 

state is to reduce. the adverse impacts o.f its transportation system on 

the environment. Finally, a transportation system should serve as a support 

system for increased productivity of goods and services. In order to plan 

transportation that serves statewide goals such as these, decision-makers 
I 

need a modeling system wlrlch can show the statewide impacts of multi-modal 

planning decisions, 

-7-
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MODEL SELECTION 

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

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

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

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

zone system was selected as the appropriate level of detail. The instate 

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

townships. The out-of-state 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 

modeling package could be adapted for use at the 547-zone level. 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 economy, 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 method of providing answers and 

possible solutions as quickly as possible holds a definite advantage. 

Second, it was discovered that Stanford Research Institute had developed 

a battery of the Stanford Network Analysis Package computer programs for 

predicting inter~city multi-modal passenger demand, under the auspices of 

the now-defunct Interagency Transportation Council. The SRI package had 
il'.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-

-8-
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demand situation, FinaLly, It off<'rs th<• pntentinl to illlHW!'t mnny mL1nngement 

questions, such as trade-offs between subsidizing alternative modes, generation 

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

costs through abandonment of specific routes, 

Therefore, it was decided to adapt' 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 com•nodity-flow information taken by Michigan Department 

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

by air freight. 

-10-
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I. 

The present highway network was first developed by the Statewide 

Studies Unit in 1966, with the cooperation of the consultant firm of 

Arthur D. Little, Inc. It contains all state trunklines plus selected 

county roads and principal segments of highway in neighboring states. 

Figure 3 is a plot of this network. The zone system associated with this 

network contains 547 zones; 508 are in Michigan and the remainder are 

outstate zones. Each Michigan zone is a city, township, or a group of 

townships (see Figure 2). The outstate zones are county-level or coarser 

(Figure 4). A "centroid" or center of population 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 

is a "link", a small segment of highway approximately 1-5 miles in length. 

Each link is uniquely identified by a pair of numbers, called nodes, designating 

its endpoints; this is referred to as an "A-n~de, 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 intersections. To 

complete the highway link file, other links, called "access" or "centroid" 

links are included which connect the centroids to the higlwray 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 impossible, however, 

without the information which is stored in a number of link specific 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 

-11-
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now available is given in Figure 5. 

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

have been developed in conjunction with this network description, it was 

obviously the only appropriate choice when selecting a highway nettoork to 

use in conjuncti.on toi.th other modes, 
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'· STATEWIDE HIGHWAY NETWORK 

liNK filE 
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. AVERA(~If: ,ANNUAl .DAilY TRAffiC VOLUME 
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DESIGN riOUR VOLUME 
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ACCIDENT INJURY RA.TE 
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RIGHT Of WAY 
SIGHT RESTRICTION 
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BUS NETWORK 

The bus network dHfers fro111 the air and raJJ nci:Horks l.n one major 

respect: buses use public highways. Becauae of this, it neetned only 

logical to use the existing highway network mentioned in the previous 

section to create the desired bus network, With the SRI NET BUILD program 

in mind, the bus network was selected from "Russell's Official National 

Motor Coach Guide". Eaeh Uichigan route was studied and those >Ihich 

11ere unique (in tenns of stops) from all others were listed for a total 

of 177 routes. These routes 11ere then coded onto the high«ay network by 

successive node numbers, with negative nodes for nodes at which the bus 

did not stop, and po8:!.tive node numbers for nodes at "hich the bus stopped. 

Using this descriptlon, the Net Build Program selects the necessary highway 

links to create a bus network. Since this networ;k is subject to change 

whenever routes are added or deleted, this method of defining the bus 

network should be very convenient. Each bus link also has a volume word 

containing the frequency per day of buses along that link. 

In addition, the location of eac]l bus station appears ln the State<<ide 

Public and Private Facility File (Figure 6). This permits the calculation 

of the accessJbl,l:ity of people to bu« stations wfth a minimum of effort 

and may be used in other statewide multi-modal analysis, Figure 7 is a 

plot of the bus network as it has been developed during the implementation 

of the Statewide mult:t-modal t.ravel forecasting pro>:ess. 

-1.6-



STATEWIDE FACILITY FILE 

AIR POlUS 
AMIHJLANCI: SERVICE 
BUS TERMINALS 
CAMP GROUNDS, PUBLIC AND PS!IVAH 
CERTIFIED INDliSUIAI. PARU 
CITIES OVI!:R 30,000 POPULATION 
CITIES OVER 5,000 POPULATION 
CIVIL DEFENSE TERMINALS 
COLI..EGES, NON-PUBLIC 
COHEGB, PI\HHIC COMMUNITY 

COHiEGI:S AND UNIVERSITIU, PUIHIC 4 YEAR 
CONVENTiON CENTERS 
GAM!: AUAS 
Gou: <::Oi.HUU 
HIGH SCHOOLS 
HiSl'O~HC SnU 
HOMES FO~ THE AGED 
HOSW>nJHS 
MAJOR COMMUCIAl CENHIU 
AU N U lr Jl~ 1: nnu: 1U 
MENTAL HEALTH CENTERS 
NEWSPAPERS, DAILY 
NEWSPAPERS, WIEULY AND BIWUi<lV 
NURSiNG HOMES 
PO i1n S 
RAIL f!ERMIII\~ALS 

SECRETARY OF THE STATE OffiCES 
SEWAGE TREATMENT FACI!.H!B 
SKI RUOIHS 
SNOWMOBIU UAII.S 
STATE PARKS 
STAH POLICE POSTS 
TOURIST ATHUCTIONS 
TRUSIIJIIU OFFICES 
TRUCK HRMINAI.S 
UNEMPLOYMENT OFFICES 

WEATHER SERVICE Sl' A HONS-NA TIONA!. 
WHOLESALE TRADE CENTERS 
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AIR NETWORK 

The air network, again similar to the highway network system, consists 

of all Michigan airports 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 "Official 

Airline Guide, North American Edition" was consul ted, Node number a are 

located at each airpOJ;t. The links in this network are one-'"'ay links, 

since in some cases, flights are only sc!+eduled in one direction between 
-~ 

two airports. Each link contains the travel time from origin to destination 

and the zone of destination (see Figure 8). A few outstate airports have 

also been included in the network so that, at present, all direct flights 

from every Michigan airport has a corresponding one-way link with the exception 

of Detroit Metropolitan Airport. Only the closest outs tate airports are 

currently in the network, but plans have been made to add all other airports 

connected to Michigan (via Detroit Metro Airport) by direct flights, Also, 

because of changes in scheduled flights, network changes w:lll per:l.odically 

be required. A computer plot of Michigan's air network is depicted in 

Figure 9, 

The names and locations of all airports included in the current National 

Airport Systems Plan and the State Airport Systems Plan are included in the 

Statewide facility file together with data oq the passenger travel originating 

and terndnating at each airport. This was obtained through the cooperation 

of the Aeronautics Commission, 

-19-



Traverse City 
7Sll (Zone 151) 

.5 hrs, 

7503~~ .. ~======~"'~.<;:::::=========~~ 7507 (Zone 237) (Zone 410} 
d . d , 4 hrs, 

5 
. Gran· Rap1 s .ag1naw 

A-node !::!.!E?~ Travel Time Destination Zone 
7503 7511 ,5 hrs. 151 
7511 7503 .5 hrs, 237 
7503 7507 . 4 hrs • 410 
7507 7503 .4 hrs, 237 
7507 7511 .5 hrs, 151 

FIGURE 8: EXAMPLE OF ON&l,l/AY AIR UNKS 
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RAIL NETWORK 

This network was created in nearly the same fashion as was the highway 

network. The "Official Railway Map of the State of Hicldgan, 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 rail network. An inventory of 

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

Each segment of rail track between two consecutive stations (or intersections) 

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

contains six volume words, The information on these links is listed here: 

1) Distance 

2) Destin11tion Zone 

3) 11mdJJmm Speed (As defined by the Rail 

4) Control Section Numbers Planning Section of the 

5) Number of Tn1eks Modal Planning Division ) 

6) Track Company Binary Code 

Some links also have passenger and freight times, but ln most cases, 

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

the rail network, Blanks may also occur in the other volu1ne fields, indicating 

that this informa.tto:n has not yet been located fo:.r our use. Ir1. particular, 

speeds have not yet been coded for the entire state. Outs tate rail links 

and car ferry links are being added to the network at this time. 

The network, as it presently appears, contains some branches which are not 

operational. This is not an oversight. Every link need not be used in every 

assignment, but it is important to be able to test quickly 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. 
-22-
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NET PROGRAM 
This program produces a complete transit link deck for a specified 

transit system from a general transit system from a general transit network 

link deck and a description of the desired transit net~<ork. This description 

is given in terms of the conser.utive nodes on each one~~<ay transit route 

and the local "centroid" links connecting the zone centroids to the translt 

network. Since only one route is allowed to use a given link, artificial 

links are genera.te.d fm:: those links used by several ·routes. Each one·~t;1fajr 

link in the final transit link dec.k is thus associated with e.1taetly one 

route (with the exception of local links). The transit route on a given 

link has stops at both the origin and destination nodes. If in the original 

description of the desired transit network there were intermediate nodes, 

the link distances, times, 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 high«ay links can be condensed into four links (see Figure 11). 

The existing high«ay link deck ls utilized to create "local. links", which 

connect each zone centroid to the transit stops (stations) via high«ay. 

These local links are included in the final transit network. 

After this program had been used a few times, and the succeeding programs 

e>umd.ned, the program «as revised slightly to create ;mother file to aid 

in building the zone-to-zone frequency of service matrix needed in the 

MODAL SPLIT Program. This revision '<8S very minor, hut gre2J:ly simplified 

the task of building the necessary matrix. 

Since portions of the output of the NET BUILD program are :includrcd, 

a few explanations should be made. In the node description of the transit 

("BUS") routes, the node numbers refer to successive nodes on the gene.ral 

-2.4-
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transit link deck--in this case, the existing highw·ay 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 numbered consecutively 

from one, and at present, may not exceed thirty-nine. For purposes of 

later convenience and time-saving, all nodes at which a bus stops are 

renumbered, beginning with zone centroids. The program lists the renumbering 

scheme, as well as listing the routes which stop at eaeh o.f th" bus r>tops 

(see Figure 13). The m:xt listing from the program groups the transit links 

as regular, express, and local (Figure 14). Regular links are those found 

in the highway network at which a bus stops at both the origin node and the 

destination 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 lJ.nks connecting zone centroids to bus stops via highway links. 

The last table pri.nted by this program is the. final transit link deck 

(Figure 15). Artificial links were added wherever two routes coincided on 

a given link; these links are assigned the same data as the original link, 

except that a new node number was used. Dummy links are the.n used to 

connect the nodes (see Figure 16). These dummy links are given negligible 

distances~ so th<:~t they eontribute nothing to the length of a. trip. 

The transit net«ork created by. this program becomes a nwjox- building 

block for each of the succeeding programs. The p:rogra.m is used to create 

any transit network desired. A flm< chart is shown in Figures 17a-e which 

documents the detailed operation of this program. 
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TRANSIT ROUTES 

ROUTE 
NUMBER 

1 
2 

3 

4 

5 
6 

7 

8 

9 

10 

11 
12 
13 

--NODE DESCRIPTION OF ROUTE--

1686-1687-1891-2611-1688•175&-l764nl772•l77l•l76S 
2120-2174-2117-2058-2059-1841-1834-183 5-1833-1832-1831-1844-27!8-1870..1853-1854-1851-1852-1849 
1882-2686-154 7-2789-1693-2783-!686-1687-1891-2611-1688-1758-1764-1772-1771-1 769 
2120-2122-2125-2127-2123-2123-219 7-26 89-26 88-183 8-1835-183 5-1833-1832-1 831-1844-2 718-18 70-1853-18 54 
1850-1851-1852-1849-1882-2686-154 7-2789-1693-2788-1686-1687-1891-2611-1688-1 758-1 764-1 772-1 771-1 769 

2120-2122-2125-2123-2 1 9 7-2689-26 88-1838-183 7-2496-1833-1832-1831-1844-2 718-18 70-1853-1854-1850-1851 
1852-1849-1882-2686-154 7-2789-!693-1692-1691-1690-1 774-1661-l 769 
!686-1687-1689-1691-2608-1691-1690..1 774-1661-1769 
1 769-1661-1 774-1690..1691-1692-1693-2789-154 7-2686-1882-1849-1852-1851-1854-1853-1870-27!8-1844-1831 
1832-1833-1835-1834-1841-2059-2058-21!7-2174-2120 
1769-1 771-1 772-1764-1758-1688-2611-189!-1687-!686-2788-!693-2789-154 7-2686-1882-1849-1852-185!-1850 
1854-1853-1870-2 718-1844-1831-1832-1833-1835-1836-1838-1838-2688-2689-219 7-2123-2128-2127-2125-2122 

1769-177!-1772-1764-1758-1688-2611-1891-!687-1686-2788-1693-2789-1547'2686"1882-1849'1852-1851-1850 . 
1854-1853-18T0-271B-1844-1s31-1832-1833-1835-1834-1B41-2059-2058-2117-2174-212o . 
1769-1661-1 77 4-1690-1691-1692-1693-2789-154 7-2686-1882-1849-1852-1851-!850-1854-1853-!8 70-2718-1844 
1831-1832-1833-2496-18'1'7 -1838-2689-219 7-2123-2128 
1686-2 788-1693-2789-254 7-2686-1882-1849-1852-1851-!850-1854-1870-2718-1844-1831-183 2-1833-183 5-1854 
1834-1841-2059-2058-2117-2174-2120 
} 769-1661-1 774-1690..1691-2068-1691-1589-1687-1686 
l769-1771-l772-1764-1758-l688-26ll-1891-1687-l685 
! 850-184 7-1846-1845-16 78-2970-!685-1684-1552-1563-1565-! 674-16 73-2630-2968-16 79-!668-16 79-2574-2708 
1598-1610-1505-2438-1602 

14 1602-2.tB8-1605-l60S-1612-1623-l612-1609-l61. G-1598-2708-25 74-16 7(>1668~ 16 79-2968-2630-16 73-16 74-1565 

15 

16 

1563-155 2-1684-1685-29 7 0-26 78-2845-2845-284 7-2850-28 52-28 53-28 52-2013-:859-1866-280 7-1866-186 8-18 71 
2562-2150-2144-2151-2162-2163 
1602-2438-1605-1609-1612-162,j-16I2<i609-151 0-15S3-270B-2574-1670-1068-l6 79-2968-2630..16 73-16 74-1565 
1563· 1552-1684-168 5-29 70-16 78-183 5-1845·1846·184 7-1850-1851-1852-1851" 1 0 13~ 1859-1366-1868-18 71-256 2 
2144-2151-2162-2163 
2163-2162-2151-2144-2150-2 56 2-18 71-1868-1866-2807 -1866-1859-l 0 13-18 51-1852-1851-184 7-1846-1845-18 50 
16 78-2970-1685-1864-15 52-1563-16 75-16 74-16 73-16 71-25 75-1628-1624-1614-1510-1605-2438-1602 

' 
\ 
' 
' i 
i 
i 

\ 
' ; 

J 



A. NODE RENUMBERING SCHEME 

TRANSIT! NETWORK 
NODE NODE 
NO. NO. -ROUTES ENTERING NODE-

88 1565 13 14 15 17 18 35 
89 1585 21 22 23 24 
90 1598 13 14 15 17 18 35 
91 1602 13 14~ 15 16 17 18 2l 22 23 24 25 26 33 34 35 36 37 38 
92 1623 14 18 25 26 
93 1659 19 20 
94 1670 13 14 15 17 18 35 
95 1680 19 20 
96 1686 1 2 3 5 7 8 10 11 12 

I 97 1693 2 3 4 6 7 8 9 N 
()0 98 1769 1 2 3 4 5 6 , 8 9 11 12 ' I 99 1815 25 26 

100 1817 25 26 
101 1832 2 3 7 
102 1835 2 3 6 7 8 10 
103 1841 2 6 8 
104 1850 2 3 4 6 7 8 9 10 13 14 15 16 17 18 19 20 33 34 35 36 37 38 39 
105 1852 2 3 4 6 7 8 s 10 14 15 16 17 19 20 33 34 35 36 37 38 3S 
106 1857 33 36 39 
107 1871 14 16 17 20 35 
108 !877 33 36 39 
109 1961 O::.:J 26 
110 !988 29 30 
111 2038 22 24 
112 2120 ;2 3 4 6 7 8 10 25 26 27 28 .29 30 31 3·2 "'l 
113 2128 7 9 25 26 28 29 30 32 --~ § 114 2133 .27 28 2·;. 30 31 32 
115 2163 14 !5 !5 17 18 27 29 30 31 32 35 ;;.;! 

t'il 
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NODE NODE 
FROM TO TIME OLD NODES ROUTES ON LINK 

~ 
CCI e 

REGULAR LINKS Sl 
89 118 6.09 1585 2596 24 -90 121 11.89 1598 2708 14 15 35 ~ 

92 !.09 12.01 1623 1961 25 
109 92 !2.01 1961 1623 26 
ll8 89 6.09 2596 1585 22 

I 121 90 11.89 2708 1598 13 17 18 

"' \1) 
j 

EXPRESS LINKS 

96 98 33.52 1686 1769 -1 2 3 
112 103 16.09 2120 184! 2 
103 102 15.96 1841 1835 2 
102 101 8.59 1835 1832 2 3 
101 104 15.47 1832 1850 2 3 
104 105 7.34 1850 1852 2 3 4 14 15 19 35 36 37 38 39 
105 97 22.09 1852 1693 2 3 4 
97 96 14;93 1693 1686 2 3 

LOCAL LINKS 

1 100 2.00 25 1817 
!00 1 2.00 1817 25 
2 100 11.00 26 1817 
100 2 11.00 1817 26 
3 !00 21.00 27 1817 
100 3 21.00 1817 27 
4 99 17.00 28 1815 



C. TRANSIT UNK DECK 

NODE NODE ZONE UNK FAC' DEGRAD DEGRAD ORIGINAL TRP.NS!T 

FROM TO NO. DIST. T\ME SPD. COST CAPACITY NAME CODE T(ME SPD NODES 
RQ!_:'TE 

1 l 100 25 1.00 2..00 30.0 0.050 9999990. LOCAL l 2.000 30.00 251817 c 
v 

2 2 100 26 6.00 11.00 32.7 0.280 9999990. LOCAL 1 11.000 32.73 261817 c 
3 3 100 27 15.00 £1.00 42.9 0.710 9999990. LOCAL ! 2!.000 42.86 271817 c 
4 4 99 28 11.00 17.00 38.8 0.520 9999990. :....GCAl 1 ! 7.000 38.82 281815 c 
5 5 112 55 2.00 3.DO 40.0 0.090 99St999D" l.OCAL l 3.000 40.00 552120 v 

6 6 U.4 56 12.00 17.00 42.4 0.570 9999990. LOCAL l l7oOCO 42.35 562133 r 
' 7 7 112 57 !6.00 24.00 40.0 0.75G 999999C. LOCAL 1 24.000 40.00 572120 " 

86 . 86 119 440 8.00 lO •. D'G 4-8.0 0.39G 999£990 .. '~·::>CA.L 1 2.0.000 48.00 4402608 c: 
87 87 97 441 2.00 C._,(rG' 30.0 0.09C 9999990. U::?C.4l 1 4.0()0 30.00 4411693 C·· 
88 88 61 195 11.00 19.00 34.7 0.510 9999990, L:)C:AL l 19,000 34.74 15650195 0 
89 89 64 198 15.00 22.00 'i-0.9 0.710 9999990. LOC.A.L ' Z2.000 40.91 !5650198 G • 
90 88 65 199 2.00 4.00 30.0 0.090 9999990. LOCAL 1 4.000 30.00 15650199 0 
91 88 104 !83 22.13 27.3S 48.5 0.000 17950. BUS 4 27.390 48.48 15651850 1-
92 88 123 192 16.15 !8.95 51.1 0.000 5770. BUS 4 18.950 51.13 !5652968 !:'! . 93 88 153 0 .001 9999 0 0 10000 DUMMY 1 .001 9999 15651565 7 0::, w •·· 

0 94 88 154 0 .OOl 9999 0 0 10000 DUMMY 1 .001 9999 15651565 35 

' 95 88 155 10{:; 
-~ 16.15 18.95 51.1 0.000 5770. BUS 4 18.950 51.13 15652968 17 

96 88 156 192 16.15 18.95 51.1 0.000 5770. 
' 

BUS 4 18.950 51.13 15652968 18 
97 89 91 236 20.55 20.42 60.4 0.000 28000. BUS 2 20.419 60.38 15851602 2!, 
98 89 111 238 8.59 8.69 59.3 0.000 19000. BUS 1 8.689 59.31 15852038 2~ 
99 89 118 245 5.57 6.09 54.9 0;000 3280. BUS 1 6.087 54.90 !5852596 24 
100 90 68 237 2.00 4.00 30.0 0.090 9999990. LOCAL 1 t:,_ooo 30.00 15980237 0 
101 90 91 236 8.84 !0.16 52.2 0.000 28000. BUS 4 10.157 52.22 15981602 I.?-
102 90 92 236 8.13 12.75 28.2 0.000 4410. 5liS· 4 12" 754 38.25 15981623 !0 
103 90 !21 244 8.92 1L8S "'5.0 0.000 4760. su~: 3 1 :.a·?3: ,,5.00 l5S32708 1£· 
104 90 124 24-I, 8.92 ll.8S 45.0 0.000 4750. BUS 3 ll.S93 45.00 15982708 E 
105 90 125 24.L:. 892 H.89 45.0 0.000 7460. BUS 3 U.893 45.00 15932708 ::;:; 
106 90 161 '236 8.84 10.16 52.2 0.000 28000. BUS 4 ).0.157 52:.22 15981602 ;, .. ~ 

107 91 67 236. 3.00 5.00 36.0 0.140 9999990. LOCP\L l 5J)QC 36.00 15020236 D 
!08 91 72 24:. 14.00 15.00 :56.0 0.730 9999990. ·~OCAL • 15.000 E:<3.00 16020241 'J 

109 91 73 .. 24£ 7.00 B. DC 52.5 0.360 9999990. I_OCAL l E£.000 52.50 lS02024Z 
l!O 91 76 246 7.00 12JJD 35.0 0330 9999990. ~.OCC.L ' lZ:.0CfJ 3~ .. 00 16020246 i) 

111 9! 78 243 8.00 ll.DO 43.6 0.380 9999990. ~OCAL l lLOOO 43.64 16020248 0 
112 91 89 238 20.55 20.4:::: 60.4 0.000 3540. Bl.i.S 3 :2::•.-419 60<38 16021585 23 
ll3 91 90 2"'' "' 16.48 24.77 39.9 0.000 2620. BUS 3 2.~~. 768 39.92 16021598 15 
114 91 92 235 8.35 12-.0l 4!.7 0.000 4410. BUS 4 12.014 41.70 16021623 l.C_. 
115 91 104 !83 64.71 67.92 5.7.2 0.000 17950. gal""" -~ 4 6 /'.917 57.17 16021850 36 
!16 91 111 232 11.96 11.73 61.2 0.000 20820. BUS l 12.730 6J..l8 16022038 24 
117 9! l.C:~ v• D .00! 9999 0 0 10000 OUM?\.1Y 1 .001 2'999 1602!602 35 
!18 91 162 236 .35 12.01 "-1.7 0.000 4410. BUS 4 12.014 41.70 16021623 25 
!19 9! 168 0 .00! 9999 0 0 10000 DUMMY l /JOl 9999 16021602 37 "l 
120 91 169 0 .001 9999 0 10000 DUMMY .001 9S99 !602!602 38 -0 1 § 

"' l'l:l 
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With 
Zero 
Dist. 

Original Link 
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2 or more routes 
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Call Subroutine 
NAP .. S51 

Print Para.meters 

Call Subro.utine 
NAP 552 

Print Route 
Data 

Code and- Order Links 
(Regular, Express) 
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Coli SUBROUTINE 
NAP553 

Renumber Centroids 
{c:onsecutlvoly from 1) 

~ Nodes ot which Buns 
Stop (cunsecutively from 

Lost Centroid) 

Save Link Doto -
(No. Links Seq.: 1,2, .. 
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No 

FIGURE l7b 
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Find Regular Transit Links 
r(oded in NAP 552) 
Match with Hwy Link Data "] 
Save Data- No. Con sec. fro~1l 

7 
I 

Find E)(pre~··~'\inks '! !Coded in NAP 552) 
Match with Hw'Y.{~.ink Data ,. 

Add Costs, Disf-:\)l:~tc, for all 
Links Between Q;?f;secutive 
Stops. Save DatO,'~:·cant. No,'ipgl 
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Substitute Nelw 
Dot a 

Calculate Time, Dist,, and 
Speed - Those on new Access 
link Super cede Hwy Net Dotll 

Construct 2Mwoy Link !Unless 
5pec,fied as l·woy) Save Data. 

Cont. No>:-~g 

Find o Link with Mult, Routes 

Create New ArtifiLiol Link 

Prmt "Node fNo,} 

Nut on Bus Routu" 

FIGURE 17d 
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PATH PROGRAM 
This routine, using each selected transit network from the NET BUILD 

PJ;ogram, determines minimum time paths for each zone centroid pair. Matrices 

of wait plus transfer time, access plus egress time, and total transit 

travel time are calcl,llated for the minimum time paths. The paths are 

produced for later use in the NET LOAD Program. A headway time -- the 

average time between runs - must be entered for each route. The wait 

time is then calculated by adding one-half the headways for all 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-consuming, 

both in making them and in computer run time; so they have been postponed 

until more routine application of the system has been completed. 

It should also be menU.oned that since the flow chart was prepared 

for.this program, three small subroutines have been added to it. These 

subroutines create zone··to-zone cost, fare, 'lnd frequency of service matrices 

for use in the aucee.cding programs. 

Figure 18 gives a listing of the input parameters. This is followed 

by the minimum path table 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 minute:>), Next follows the minimum time path, to be 

read from right tci left. The numbers in parenthesis are route numbers, 

the others are node numbers. Thus the first path begins at node 111 (zone 

centroid), goes to node 1.'100 (nearest bus stop) and then to node 112 

(zone centroid). These node numbers are the newly assigned numbers from 

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

I~ 



not utilize a bull route untl t.IIUH the wait Ume ia 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 is the additional wait time 

which is encountered when a traveler must switch buses (indicated by a change 

in route numbers). A flow chart of the more detailed program operation 

appears in Figures 20a-c, 
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BUS PATHS--- TEST REGION 

PARAMETERS 1. NUMBER OF ZONE CENTROIDS (NCENT) 

2. NUMBER OF LINKS (NLINK) = 445 
(MAXIMUM VALUE OF NLINK 32000) 

3. NUMBER OF NODES (NNODE) = 174 
(MAXIMUM VALUE OF NNODE = 2400) 

87 

4. NUMBER OF (ONE-WAY) TRANSIT ROUTES (NRTES) = 39 
(MAXIMUM VALUE OF NRTES = 40) 

5. FIRST ZONE CENTROID FROM WHICH MINIMUM PATHS TO BE BUILT (NHOME) = 1 

6. LAST ZONE CENTROID FROM WHICH MINIMUM PATHS TO BE BUILT NSTOP) = 87 

TRANSIT ROUTE HEADWAYS- MINUTES 

ROUTE 
NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

HEADWAY 

10.00 
10.00 
10.00 
!0.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 

-"' 



TRANSIT MINIMUM PATH PROGRAM 

OI,JTPUT 

PROJECT ID BUS PATHS--TEST REGION 

TREE FROM ZONE 1 

I 
13.00 13.00 0.00 2 ( 0) 100 ( 0 ) 1 ( .... 23.00 23.00 0.00 3 ( 0) 100 ( 0 ) 1 ( 0 

I 38.50 19.00 5.00 4 ( 0 ) 99 ( 26) 100 ( 0) 1 
44.60 5.00 5.00 5 ( 0 ) 112 ( 25) Ioo- ( or 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 8 ( 0 ) 112 ( 25) 100 ( 0 ) 1 
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) 100 0) 1 60.40 6.00 5.00 11 ( 0 ) 113 ( 25) 143 ( 25) 100 0) 1 47.60 8.00 5.00 12 ( 0) 112 ( 25) 100 ( 0 ) 1 
49.60 10.00 5.00 13 ( 0 ) 112 ( 25) 100 ( 0) 1 
79.00 8.00 10.00 14 ( 0 ) 114 ( 31 ) 112 ( 25) 100 0) 1 72.40 18.00 5.00 15 ( 0 ) 113 ( 25) 143 ( 25 ) 100 0) 1 75.00 4.00 10.00 16 ( 0 ) 114 ( 31 ) 112 ( 25) 100 Q I l ' 58.40 4.00 5.00 17 ( 0 ) 113 ( 25) 143 ( 25) 100 0) 1 



Print Parameters 

Mere Initialization 

Inc. NM N HOME 

Find link with Origin at NM 

Calculate & Save 9oto 

Find Min. Link 

(Time} (N HOME to Present) 

QTRPAT 

FIGURE 20a 



Rciached 
All Nodes? 

r.=st. (of Mi11. Time Link) 

L~-
-~ Yes < Is NM CJ Centroid? -:;:,...;.:.:_ ____________________ .,.. 

~, 

'LM• 

Skim Trees 
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MODAL SPLIT PROGRAM 

This is the first program to consider all the desired travel modes 

and networks which were produced singly in the preceding two programs. 

The MODAL SPLIT program is an intercity passenger demand model calibrated 

to intercity travel within the State of Michigan, It performs trip 

generation, distribution, and modal split based on zone-to-zone modal 

time, cost, and frequency-of-service data, and upon family income levels 

in origin and destinati.on zones, Any combination of auto, air, 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 percentages in combination with 

auto trip tabl~s and income data to generate trips by mode for each zone 

pair, This procedure "ill permit one to compare trips between 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 is also sensitive to changes in the economic structure 

of a connnunity, since one input is the number of families with 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 F].gures 22a-d, 
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TRIPS TO AUTO TRIP TABLE AIR BUS RAIL 
·FROM 

25 25 0.00 0.00 0.00 0.00 
26 8.83 0.00 0.00 0.00 
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 0.00 0.54 0.00 
59 4.35 0.00 0.13 0.00 I 60 5.70 0.01 0.17 0.00 .... 

I.J1 61 11.68 0.01 0.69 0.00 
t 62 8.90 0.01 0.51 0.00 

63 0.96 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 
93 1.47 . O.Ql 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 0.00 
!00 4.46 0.02 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 0.01 0.04 0.00 
116 2.90 0.00 0.06 0.00 
1!7 18.81 0.04 0.09 0.00 
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QPASDM 
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Save Doto 
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FIGURE 22a 
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I 

NET LOAD PROGRAM 

This is a generalized program for loading trips on different modal 

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

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

data by link may be used whenever available, and, when not available, 

accident 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 
j-,-, 

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-purpose options which are now, at least temporarily, deleted. 

A zone-to-zone fare matrix is required for all modes except auto; this 

matrix is now created by a subroutine of the PATH Program and used to 

determine the link loadings. 

The impact analysis measurements j'roll) this program are quite extensive. 

The first table (Figure 23) prints the accid'ent 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 Cis printed only when capacity restraint 

loading is perforEed and Table D combines the trip table generated by the 

MODAL SPLIT Program (for given mode) and the zone-to-zone fare matrix. 

Thus, most of the major results 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 

-so-



* * * * * STANDARD INPUT DATA** * * * 

PROBLEM IDENTIFICATION NETLOAD --- BUS CODE NO. 

A- ACCIDENT DATA (RATES PER MilliON VEHIClE- MILES- AUTO MOOE, PER MilliON PASSENGER- MilES- TRANSIT MODES) 

:!1 
LINK- FACILITY -- i\10, OF ACCIDENTS-- - ACCIDENT RATIOS-- C'l c: 
TYPE CODE FATAl INJURY TOTAl FATAl INJURY TOAL ::e 

tTl 

LOCAL 13 8.800 402.200 8651.200 0.873 0.618 1.000 
LOCAL 14 8.800 402.200 8651.200 0.873 0.618 1.000 N 
HIWAY 1 1.800 70.500 .o.ooo 0.873 0.582 1.000 .... 

j HIWAY 2 2.500 143.000 ·0.000 0.873 0.591 1.000 
\J1 .... HIWAY 3 5.700 166.700 ·0.000 0.762 0.559 1.000 
I HIWAY 4 2.300 328.300 .o.ooo 0.913 1.000 > 0.618 

HIWAY 5 7.400 164.100 .().000 0.685 0.585 1.000 
("') 
("') 

HIWAY 6 2.400 296.800 c:o.ooo 1.000 0.590 1.000 -::;:: 
HIWAY 7 8.800 402.400 8651.200 0.873 0.618 1.000 

~ HIWAY 8 2,000 411.300 8651.200 0.946 0.66$ 1.000 

HIWAY 0 4.800 81.000 .0.000 1.000 0.647 1.000 

HIWAY 10 5.800 476.800 .0.000 0.750 0.627 1.000 1:1' 
HIWAY 11 8.800 402.200 8651.200 0.873 0.618 1.000 > ..., 
HIWAY 12 2.000 411.300 8651.200 0.946 0.666 1.000 .,. 
HIWAY 13 8.800 402.200 8651.200 0.873 0.618 1.000 

HiWAY 14 8.800 402.000 8651.200 0.873 0.618 1.000 

LOCAL 1 8.800 402.200 8651.200 0.873 0.618 1.000 

LOCAL 3 8.800 402.200 8651.200 0.873 0.618 1.000 

AIR 3 0.630 0.000 0.251 0.398 ·0.000 1.000 



* * * * * * INPUT DATA - BUS MODE * * * * * .,. 

A- PARAMETERS 

NO. NO. NO' FIRST HOME STOP NODES WRT MIN PERS. OWN 
CENT. LINKS NODES GATEWAY NODE NODE SKIPPED FMT IHR MPV /VEH. CcisT 

87 445 174 8000 87 0 10 MIN T 2.00 0.050 

MAX NO. MIN. TIME MAX. CAP OEST Z-Z Z-Z NEW 
ART INTR. TIME I NCR. TIME RES OUT TIMES FARES TIME 

10 0.00 5.00 50.00 0 0 1 

FM MILES 
.::1 

! = § V> NFIN = 0 N 

~ I MINPAT = 2 
NTPURP= 1 
VEHCAP = 50.00 
NRTES = 39 ~ 
FIXFAR = 0.00 
PEAK1 1.00 
PEAK2 = 1.00 ., 

> 

i 
~ 
t: 
Cfl .., 



* * * * • * LINK LOADINGS FOR BUS MODE * * 0 ""* * 
j 
I 
) 

:: 

LINK NODE NODE ZONE LINK FACILITY ASSIGNED LATEST 
V/COR ~ 

NUMBER FROM TO NUMBER CAPACITY TYPE COOE VOLUME SPEED 
LOAD l ,, 
FACTOR ROUTE ' ' l I 

) 

1 25 1817 25 LOCAL 9.27 30. 0 ~ 
2 26 1817 26 LOCAL 10.60 33. 0 ' I 
3 27 1817 27 LOCAL 7.38 43. 0 :: ,, 
4 28 1815 28 LOCAL 10.37 39. 0 ~ 
91 1565 1850 183 17950. BUS 4 71.60 49. 0.00 14 I· 

92 1565 2968 192 5770. BUS 4 44.57 51. 0.01 13 r: 
~ 93 1565 1565 0 DUMMY -o.oo 0. 15 i 94 1565 1565 0 DUMMY 1 . .().00 0 . 35 

95 1565 2968 1.92 5770. BUS 4 3.02 51. o.oo 17 
.., ~ - ,. 

96 1655 2968 192 5770. BUS • 0.45 51. 0.00 18 
C'l ~ 

97 1585 1602 236 28000. BUS 
c: • 2 0.00 60, 0.00 21 ::>:J ! 98 1558 2038 233 19000. BUS ; 0.00 59, 0.00 22 tTl f 99 1585 2596 245 3280. BUS 3 0.00 55. 0.00 24 ' I 100 1598 237 237 lOCAL 1 29.12 30. 0 

. 
N t 101 1598 1602 236 28000. BUS 4 113.42 52. 0.00 13 "' ~ 

I 102 1598 1623 236 4410. BUS 4 11.39 38. 0.00 18 ~ 
'"' 103 1598 2708 244 4760. BUS 3 ' w 59.$ 45. 0.00 14 l i 104 1598 2708 244 4760. BUS 3 0.00 45. 0.00 15 f"" 

105 1598 2708 244 4760. BUS 3 - I 0.00 45. 0.00 35 z 
106 1602 1602 336 28000. BUS 4 0.00 0.00 17 ;.:: ;: 

52. 1 
107 1602 236 236 LOCAL 1 211.78 36. 0 f"" I 
181 1815 28 28 3290. LOCAL 1 10.55 39. 0.03 0 

0 ~ > 
182 1815 1817 26 3450. BUS 3 85.99 50. ().03 25 0 

!: 183 1815 1S6i 240 BUS 3 96.25 50. 26 
184 1817 25 25 LOCAL 9.48 30. 0 r: 

' 185 1817 26 ' 26 3390. LOCAL 10.62 33. 0 " ~ 
186 1817 27 27 5510. LOCAL I 7.53 43. 0 ~ 
187 1817 1815 26 BUS 3 84.35 50. 0.02 26 

,. 

~ 188 1817 2120 55 BUS 4 82.44 44, 0.01 25 I 189 1832 119 119 LOCAL 6.83 43. 0 t. 
190 1832 121 121 LOCAL 10.18 36. 0 1 
191 1832 123 123 LOCAl 11.14 43. 0 I 
192 1832 1835 113 7010. BUS 4 12.70 46. o.oo 7 i 
193 1832 1650 183 17890. BUS 4 256.10 51. 0.01 2 1, 
194 1832 1850 183 17890. BUS 4 20.99 51. 0.00 3 ' r, 

! 
NOTE ASSIGNED VOLUME IS IN TERMS OF VEHICLES ON LOCAL LINKS AND PERSONS ON AlL OTHER • 

~ 
LINKS AN AVERAGE OF 2.0 PERSONS PER VEHICLE WAS ASSUMED 

1: 
•' 

~ 
i: 
' ' I 
' ' ~ 

_j 
······--~·--



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 

'r: 
volume is given for each route and the link listed on which this maximum 

i --1 
volume is found (Figure 28). After all desired modes and their tables 

are completed, two more summary tables are created. The first table lists 

total passenger miles by mode (Figure 29a) and the second gives number 

of accidents 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 origin 

table for modes other than auto. The 'column headed "Fare Charges" represents 

revenue for the transit company, and with minor adjustments should be 

useful in estimating revenue by station or perhaps even by transit company, 
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"' <.n 
I 

ZONE 
OF 
ORIGIN 

25 
26 
27 
28 
55 
56 

-Sl 
58 

..59 

PERSON 
TRIPS 

18.5 
21.2 
14.8 
20.7 
97.2 

6.8 
12.5 
70.9 
23.8 

* • • • * e DATA TOTALS BY ZONE OF ORIGIN FOR BUS MODE * * • *· *"" 

PERSON 
MilES 

801.7 
1042.1 
879.0 
978.9 

5131.7 
379.5 
836l> 

3940.0 
1341.8 

ACCESS 
TIME 

173.24 
390.00 
421.52 
508.49 
979.84 
161.78 
387.23 

1002.62 
450.79 

liNE-HAUL 
TIME 

0.91 
1.00 
0.76 
0.84 
5.57 
0.32 
0.72 
4.04 
1.35 

OWNRSHP 
COSTS 

37.48 
46.45 
36.65 
40.75 

241.01 
16.23 
35.47 

180.43 
60.95 

ACCESS 
COSTS 

2.48 
5.30 
6.90 
7.75 

14.57 
2.60 
5.98 

15.49 
5.78 

FARE 
CHARGES 

50.99 
59.57 
42.85 
47.96 

323.45 
17.22 
41.43 

234.49 
78.23 

.:._TOTAl· 
FATAL 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

ACCIDENT 
INJURY 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

COSTS-­
PROP.DAM. 

0.01 
0.1!2 
0.01 
0.01 
o.os 
0.00 
0.()1 
0.06 
0.02 



.. ,-

FIGURE 27 

I'JETLOAD---BUS 

* * * * * * TRAVEL TIME DISTRIBUTION BY ZONE OF ORIGIN FOR BUS MODE * * * * * * 

-PERSON TRIPS SHOWN FOR INDICA TEO TRAVEL TIME INTERVALS-

i. ~ 
:· 

TRAVEL TIME INTERVAL - MIN t 

ORIGIN 
35.- 40. 40.- 45. 45.- 50. +. 50. 

ZONE 15.- 20. 20.- 25. 25.- 30. 30.- 35. 

25 Q.OOO 0.000 0.000 0.760 2.100 4.010 0.540 11.130 

26 o.ooo 0.000 0.000 0.000 0.000 1.210 2.650 17.430 

27 0.000 0.000 0.000 0.000 0.000 0.000 0.000 14.760 

28 o.ooo 0.000 0.000 0.850 0.000 2.380 0.000 17.510 

55 3.770 3.960 2.650 4.290 6.210 4.630 4.100 67.600 

56 0.000 o.ooo 0.000 0.270 . 0.200 0.190 1.920 4.190 

57 0.000 0.000 0.000 o.ooo 0.000 1.310 0.760 10.440 

B8 0.000 3.060 3.220 2.150 3.480 5.010 2.960 51.080 

59 0.000 o.ooo 1.110 1.960 0.000 1.530 1.350 17.820 

* * * * * * TRAVEL TIME DISTRIBUTION BY ZONE OF DEST FOR BUS MODE * * * * * * 

-PERSON TRIPS SHOWN fOR INDICATED TRAVEL TIME INTERVALS-

TIIA\/El TOME INTERVAL - MIN 

DEST 
ZONE 15.- 20. 20.- 25. 25.- 30. 30.- 35. 35.- 40. 40.- 45. 45.- 50. + 50. 

25 0.000 0.000 0.000 0.760 2.100 4.010 0.540 11.550 
26 0.000 o.ooo o.ooo 0.000 0.000 1.200 2.650 17.870 
27 0.000 0.000 0.000 o.ooo 0.000 o.ooo 0.000 15.060 
28 0.000 0.000 0.000 0.8.50 o.ooo 2.380 0.000 17.860 
55 3.540 3.880 2.490 4.250 6.350 4.970 4.100 75.850 
66 0.000 0.000 0.000 0.290 0.220 0.200 1.920 4.360 
57 0.000 0.000 0.000 o.ooo 0.000 1.240 0.750 11.180 
58 0.000 2.870 3.150 2.0~0 3.440 5.140 3.530 68.110 
59 0.000 0.000 1.040 1.870 0.000 1.520 1.510 19.600 
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FIGURE 28: MAXIMUM VOLUMES BY ROUTE 

MAXiMUM VOlUMES ON ROUTES 

ROUTE liNK -NODES- VOLUMES 

149 96 98 134. 
2 193 101 104 256. 
3 290 112 113 29. 
4 158 97 98 419. 
5 329 119 104 61. 
6 241 105 98 451. 
7 175 98 96 131. 

-57-



* * * * * * 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. 35789. 

FIGURE 29a 

TOTAL NUMBERS OF ACCIDENTS BY ZONE OF ORIGIN 

ZONE 
OF 

ORIGIN 

25 
26 
27 

ZONE 
OF 

ORIGIN 

25 
26 
27 

ZONE 
OF 

ORIGIN 

25 
26 
27 

LOCAL 

.010 

.015 

.009 

LOCAL 

.020 
.035 
.022 

LOCAL 

.039 

.075 

.042 

----FATAL ACCIDENTS----
ARTRL FREEWAY AIR BUS RAIL 

.015 .005 .000 .000 .000 

.020 .007 .001 .001 .000 

.007 .003 .000 .000 .000 

-· INJURY ACCIDENTS----
ARTRL FREEWAY AIR BUS RAIL 

.017 .010 .000 .001 .000 

.025 .012 .002 .001 .001 

.017 .009 .000 .000 .001 

-----TOTAL NUMBER OF ACCIDENTS----
ARTRL FREEWAY AIR BUS RAIL 

.045 

.061 

.032 

.025 

.034 

.021 

-58-

.001 

.003 

.000 

.001 

.003 

.001 

.000 

.002 

.001 
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CONCLUSION 

New Federal legislation has demanded tloat regional transportation 

systems planning must include the consideration of modal options and the 

adequacy of existing facilities within present corridors, In order for 

the results of such considerations to influence the actual selection of 

a transportation plan, there must exist a multi-modal transportation 

modeling system which enables decision-makers to monitor the trade-offs 

between ,alternative plans and to do this qui.ckly and efficiently. Further, 

such a modeling system must be flexible enough to reflect changing goals, 

attitudes, and socio-economic conditions, 

Michigan is currently testing such a planning-oriented modeling system. 

The basic programs in Michigan's package modifications of routines were 

developed specifically for Michigan by the Stanford Research Institute. 

At this writing, networks for air, rail, bus~ and highway have been defined, 

the four basic programs have been converted to the Burroughs B-5500 computer 

used at the Michigan Department of State Highways and Transportation, and 

passenger traffic assignments for all four modes have been accomplished 

in a test region, A report 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 many questions 

which are currently at issue, such as branch line abandonments, avoidable 

costs, subsidy trade-offs between modes, and induced revenues generated by 

improvements in frequencies of service. It allows management to compute 

needed capital expenditures by route or to begin to do cost-benefit or 

cost-effectiveness analysis on proposed 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 coats ato<l times, and regional economic 

stimulation or depression as a result of addlng or deleting service in one 

or more modes of travel. In short, such a modeling framework is necessary 

if effective long-range multi-modal transportation system planning is to 
' become feasible in Michigan, 

i 
I 

I 
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