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INTRODUCTION

This is Volume II in a series of reports dealing with
the development and implementation of a computerized state-

wide traffic forecasting model. As proposed in Volume I

(Objectives and Work Program), Phase II of the development

process would deal only with a 510 zone system. During
Phases ITI and IV, however, a larger and more complex.
2300 zone system was proposed.

The 510 zone.system, as developed by Arthur D. Little
Inc. Consultants,fbuiit on past efforté in the netwofk
model field and was kept as simple as possible to promote
future usage and developmént. The first network mOQEI:
was sinply a modification of an existing model developgd
by the Federal Highway Administratioﬁ. At that time, the
Administratidn's model appeared to be the most promising in
terms of modification poﬁentialland practical application.

The desired simplicity of the original model, however,

placed a limit on the degree of accuracy achieved in network

assignment. Arthur D. Little Inc. Consultants felt at the

3]

time, however, «+. that intelligent model employment rather

than the seeking after a high degree of accuracy (was) the key




to deriviﬁg utility." This was definitely true'of the 510
zone systeﬁ, but later technical dévelopments proved the
feasibility of more complex and accurate models.

The iﬁﬁlémentation of the larger and more comprehensive
2300 zome syétem ¢ame about, in part, as a result of problems
encountered ‘in the data collection portion of the afore-
mentioned WOrk'frogram. Primarily, however, development

of the 2300 zone system was advanced to its present positidn

as a result of the desire for a more accurate and.sophisti—
cated network model,

This réport deals with the definition and‘development.
of both the 510 and 2300 zone systems and their iIndividual
networks. The report does not deal with trip generation ox
network assignments as this material will be covered in
fofthcoming reports. |

The -510 zone system was expanded to a 540 zone system

late in 1970 due to acquisition and application of additienal

trip genexation data. For report purposes, the 510 zone system
will be referred to as such but some figures will carry the

540 zone designation for individual distribution purposes.
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I. THE 510 ZONE STATEWIDE HIGHWAY NETWORK MODEL HISTORY

The application of scientific techniques and computer
technology to the problems of transportation planning and
traffic forecasting bear the burden of being labeled
"something new and different.'" The theories and practical
application of these fields has, in the past, been limited
primarily to urban areas of transportation study.: The
initiation of inquiry into statewidé areas of application
is still an infant in the family of network model building.

As new as the area of study appears to be, remarkable
strides in terms of pfogress are not to be overlooked.
Michigan was among the first to recognize the potential of
statewide model building and began application with the
retention of Arthur D. Little Inc. Consul£ants éarly in
1965. A merginglof talents created the original 510 zone
system which is still being used today as a Basis for
reférence in terms of larger model bui;ding activities.

At the inception of the original system, cdmputer
technblogy and.capabilitiES necessarily limited the size
and scope of the iniﬁial study. The number of zones,
network definition, and other aspects of the study were
‘purposely limited in oxder to fall within the range of

computer capabilities. Since that time, computer technelogy



has expanded and progressed to the point where larger and
more comprehensive models could be developéd.

With the future in mind, the original 510 zone system
was initially designed for expansion to a larger and more
comprehensive network model. According to Arthur D. Little
Inc. Consultaﬁts, one of the primary purposes of the initial

"

study was; .vo to develop a model which can be improved

over time rather than to develop a closed model where future
growth might be limited."

IT. NETWORK DEFINITION OF 510 ZONE SYSTEM

A._ The Definition of Zones:

The 510 zone system displayed more heterogeneity in zone
size and structure than the 2300 =zone system. This waé due,
principally, to the fact that the 510 zone system used larger
geographic areas for zone descriptions. Eﬁtire urban areas
were often considered a single zone., In most cases, towﬁships
or combinations of townships were the standard zone base for
the 510 zone system. Data gathering becomes easier when
coﬁplete townships or cities are used for zones because
demographic, economic; and other trip generation information
is normally gathered at those levels.

All is not entirely well, howeﬁer, for anofher consider-
ation becomes apparent at this point. Zones ﬁust also bé.r

small enough to reflect the inter-zonal travel between them




on a specified network. 1If, fof exaﬁple, the entire State
of Michigan wére consldered a single zone, estiﬁation of
travel patterns within the zone or projections thereof
would be impossible. Then again, if every household was
considered a sultable zone, then the system would becéme
too unwieldy td.manageo Se it is understood th;t a happy
medium must be reached where collection of data_per zone
size is feasible while at the same time accuraté indica-
tions of the inter-zonal travel can be represented on a
reascnable network scale.

Heterogenelty and simplicity within zone stfucture,
therefore, is important when a new system (like the 510)
is being defined.and coded. The smaller system was pur—
posely limited for this veason along with other consider-
ations. (The 2300 zone system, however, was not limited
and the trip.generation equations will necessarily become
morerdisﬁerning and complex.) Basically, within a statewide
model, separation of zones into specific trip géneration
categories is simpler and the majority of zones" ... tend
to merge into a single measure of traffic movement potential."(l)
According to Arthur D. Little Imnc. éonsultants, ees "'The
criteria employed in choosing the zones lying within the
State of Michigan were as follows:

- Zones should consist of an aggregation of one or more
townships and/or cities which are contiguous.

- A zone should lie entirely within one county.
- All cities except Detroit with population exceeding

10,000 should form a single zone (Detroit was split
into three . zonesg).

(1) Arthur D. Little Inc.




A

- Any township or city with a population of 2500 or less
should be combined with one or more adjacent townships
or cities to form a zone.

- Zones should usually have a population of 2500 or more
except where such zones would be unusually large in area.

A total of approximately 480 zones within Michigan were
selected in this manner. (See Figure 1) In addition, a
set of 30 out-of-state zones were chosen to provide a

mechanism for describing trips entering and leaving the

state. The above criteria were not applied to these out-
of-state zones, and they were considerably larger in size.

(See Figure 2)

B. Numbering the Zones:

Briefly, a special coding system was selected in order
to facilitate the identification of zones. It consists of

the letter Z followed by a four-digit code; the first two

digits consist of the code for the county in which the zone
lies and the last two digits are used to identify the parti-
cular zone in thét county. The county codés were derived
by listing the counties in alphabetical order (where Saint
Joseph County prepedes Sanilac County, etc.) and numbering
them from one to 83. Thus, Grand Traverse (County is county
numbef 28 andlcontains five zones. They are coded as zones
Z2801. 72802, z2803, Z2804, and Z2805. All counties within
the state were coded in this manner. (See Figure 3)

This zone numbering system was selected so as to

facilitate zone location and socio-economic data bank
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Figure 3
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development during a later phase in the model development
program. A computer program was defined which correlated

these zone numbers to sequential zone numbers for use in

the Federal Highway Administration's traffic assignment

program.

C. Location of County Recads:

Zone size also affected the frequency of use of county
roads within the 510 zone system. The larger the zones,

the greater the probability that a major trunkline can

accurately reflect the interchange of traffic betweeﬁ those
zones. With this being the case, frequency of county road
application was limited and necessarily kept to a minimum.
When inter-zonal traffic could not be assigned to major
trunklines, county roads were then used to accommodate the

desired travel patterns. County roads used were generally

of the Federal-Aid Secondary classification and reflected
.preferred routes of dintra-county or intra-township travel.
Calibration of the 510 zone model will supplyladditional
information which may modify the original assumptions

regarding network definition.

D. Link Selection and Data:

"The highway network under study was described in the
computer model by a set of links and nodes. The nodes
represent link intersections and are numbered. ' The location

of a link was described by the node numbers for the two nodes

it connects.



There are two basic types of links in the system:
regular highway links and pseudo links were used to connect

a zone centroid or loading node to a node in the regular

highway network, and provided a mechanism for feeding the
traffic to and from a zone off and onto.the highway system.
A regular highway link was used to describe a section of
highway. Pseudoilinks were required because 1t is necessary

to identify zone centrolds or loading nodes separately.frOm

regular highway intersection nodes. (See Figuré 3)

Selecting the highway links primarily involves the task
of selecting the highways to be included in the system,

L | . depending pn_zﬁpe size and density. In the 510 zone system,
these inclﬁde all intexstate, U.S5., and Michigan routes as
well as selected county voads in the state. The final
Michigan statewide model highway network appears in Figure 4.
In addition,.a highway route around Lake Michigan through

ied Wisconsin, Illinois, and Indiana was included in order

to allow the traffic between the Upper and Lower Peninsula

the option of taking this route in contrast to the Mackinac

Bridge. (See Figure 5) The other major outstate highway

link was the Indiana-Ohio Toll Road.

When the 510 zone system was defined, there were a

%5 number of constraints on the links in the systeﬁ which were
observed beéause of the computer programsg used in the network
analyéis phase. First, no more than four links (including
pseudo 1inks).may be connected to a single node. Second, no.

l1ink could have a travel time in excess of 31.5 minutes or
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a distance in excess of 23 miles. VUsually, a link consists
of a section of highway between two intersections in the
system. Thus, usually, a node has more than two 1links
associated with it. In some cases, however, it was necessary
to split such a section of highway into two or more links by
the insertion of additional nodes in order to conform to the
‘restriction on maximum link distance and traﬁel time. Also;
where more than four links, including pseudo links, converge
at a single point, it was necessary to represenﬁ this.point

by two or more nodes properly connected."#
III. NETWORK CODING OF THE 510 ZONE SYSTEM

At the inception of the 510 zone system, the spegific
combuter package to be used on the nefwork was not known.
Prior to determining a specific package, coding was initiated
on the system. The code sheet in Figure 6 was the first.
highway link code-sheet to be used in ﬁhe process. A
description and format of the data used in the link code
sheet 1s presented in Figure 7. After due consideration,
the Federal Highway Administration's'cdmputer package‘was
chosen as the easiest to.implement. Their code.sheet was
somewhat different, however, and a computer program had to
be designed to format the link data already coded to the
Federal Highway Administration's specifications. (See Figure 8)

The actual coding process was very similar to the one

*Arthur D. Little Consultanits, Inc.
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Column

11-14

15-19

20-22
23~26

27

TABLE II A-6

MICHIGAN MASTER LINK FILE FORMAT

Identification number 10104

9 => a highway link
#Z => zone or pseudo link

A node number
B node number

Route number
For county roads: YY #Z2

YY = County number of west or south end of route
B4 = County road number '
For other highways: Y --= Z

Y = prefix .
=== = route number (right justified)
# = suffix

Prefix

M = > Michigan Trunkline
U= > U, §. Trunkline

I = > Interstate

T = » To Interstate

v
s
{13 L
py
Ve
»

Business route
Business spur
Business loop
Alternate
Connector

Open end trunkline

(|

il

“ O o
1]
¥V VvV VoV

"Sequence number for route number

Distance in miles and hundredths

Highway type code

= > Undivided roadway :

> Divided roadway with no access control-

> Divided roadway with partial access control
> Divided roadway with full access control

= >County undivided roadway

lank - Unspecified

1

1
2
3
6
9
B

- 14 -




Column

28-32

33-37

38

39-43

44-45

46-47

48

49-51

52
53
54~56
57-59

60-62

Figure 7

TABLE II A-6
(Continued)

Control section at A node end of link, or control
section for entire link, if only one. o

Control section at B node end of link
Blank if only one control section

. Link Type

T = > Two-way link with two directions combined,
Hence, capacity and number of lanes refers
to total for both directions.

F = > Forward or A to B direction of a two-way link
where the two directions are treated separately.
Capacity and number of lanes, distance and time
or speed refer to A B direction alone.

R = > Reverse or B A direction of travel of a two-
way link where the two directions are treated
separately. Capacity, number of lanes, dis-
tance and time or speed refer to B A direction
alone, :

S = > One-way (or single direction) street; must be
in direction from A to B.

Hourly Practical Capacity
Total two-way capacity if link type = T
One-way capacity if link type = F, R, or §

Numbér of traffic lanes
In both directions, if link type = T
5

In one direction, if link type = R, P

Average Lane Width in Feet

T or § T => Time wvalue provided
S => Speed value provided

Time/Speed Value. Time value in minutes and tenths.
Speed in miles/hour and tenths.

Sign (for future use)

Flag (for future use)

Conversion Factor ADT/VPH

Conversion Factor ADT/DHV
ADT_in hundredths (1965)

- 15 -
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used on the 2300 zone system and acfually set a precedent
for that operation. Highway informatioﬁ to be:coded to the
system was gathered from the following éources: Link.
capacities,lnumber of lanes and lane width, were gathered
from the Department's sufficiency rating printéut. A.A.D;T.
(Annual Average Daily Traffic) was gathered from the Départ-
ment's yearly couﬁty A.A.D.T. maps.

Highways.were classified through the use of the Depart-

ment's County Atlas of Federal-Aid Maps. The link classifica-

tions will be updated based on data available from both the
state and federal needs studies. The control section informa-

tion was obtained through the use of the Department's Control

Section Atlas;

Master maps of the 510 zone system-ﬁere displayed on
three-eighths inch to the mile county maps. As each section
of highway was coded with the above informétion and other
specifiec data, as illustrated in Figure 7, a simplie slash
was entered én the appropriate link within the'network..
(This differednfiom the use of mylar overlays which.were-
associated with the 2300 zone coding system. Black china
markers were used to designate coding completion on‘a
given segmenf of highway.) A simple check of the maps
would indicate 1f all links ﬁere coded. If all links were
coded on a node (dot)-(dash) pencil slash basis the analyst

was reasonably sure that all network links had been coded.



IV. EDITING THE NETWORK THROUGH THE USE OF COMPUTER TECHN
As mentioned, the Federal Highway Administration's co
program system was used to edit, build, and assign for the

zone system. A program referred to as 01100 was used as t

IQUES

mputer

510

he

initial coﬁputér edit of the system. This program would 1list

the number of links entering or 1eaving-each node. A chec
of the system could be undertaken by compariﬁon.of the cod
highway link cards and the base maps. Also, the program

- would list the nunbers. of the inter-connecting nodes withi
the system. '

- By using thése ptrogram features, tﬁe_SlO zone netwofk
could be editeﬁ fo iderntify a perfect system. (The 2300
zone-system aléo used a similar pfogram.(T‘P Net 1402) to
édit ifs system.“ A detailed review of the techniques will
not be included in this section but will be explained in
the 2300 zone chapter on network editing.)

Additional 510 zone highway network definition and

development information may be obtained from the final

"Model for Determining Future Highway Requirements of the

State of Michigan, Vol.T by Arthur D. Little, Incorporated

¢=67672-2. December, 1966.

k
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TECHNICAL DIFFERENCES

510 ZONE MODEL vs. 2300 ZONE MODEL

As related by Arthur D. Little's description, the
original 510 zone ﬁetwork was loadéd by means of individual
pseudo links. The pseudo link technique allows loading
through a single point within a zone while the centroid
 technigque permité loading through one or more boints within
a specified zone. As improvements were initiated,rthé 510
zone system adopted the multiple loading point technique.

The 2300 zone system never used the pseudo link technique,
but initially employe& the multiple centroid link loading
system. This allowed greater flexibility and necessarily
added greater,accurécy to the network loading procedure.

Centroid loading alsc allows greater description as té
directional travel of trips from specific loading points.

" Multiple loading also aided in the task of network célibration
aﬁd the assumptions underlying a multiple loading technique
were more realiétic in terms of trip distributidn. 

.Anothér difference in technique and a decided improvement
was the system employed to number nodes. In thé.510 zone
system, node numbers were assigned on a one to one basis
without allowiﬁg_additional numbers for future changes. If
additions or deletioﬁs were to be made, node numbers were
then taken from the end section of the total assignablg numnbers

and placed in the needed county. This led to some difficulties



in node numbefing assignments and was abandoneajin the 2360
zone node numbering.effortn The 2300 zone system feserVed
additional node numbers for each county according to size,
population agnd general urban density.

The assignment of a specified range of node numbers to
a given county proved to aid tremendously in the many searches
for individual nodes ox links. It was always_possible to
determine where a node or link was located by simply looking
for the county numbering range into which it fell; whefeas with
the 510 node numbering techhique, 1t was difficult to tell where
any given node or link was located. .

Zones in the 2300 zone system are single townships or
portions of townships. Therefore, the zone characteristics
are more specialized which finally results in more homogeneity
of zones within themselves and more heterogeneity of zones when
compared to one another. This may influencg the type of trip
generation-distribution process selected when the development
of the 2300 zone trip tables beginsﬂ |

Along Wifh-technically.defined differences in the two
systems, objectives or goal differences should also be outlined.
The 510 zone system was designed to be used for basic corridor
analysis and as a coarse planning tool. The 2300‘zone,system
was designed to provide greater sensitivity andiéccuracy to
traffic fluctuations and thus greater reliabilityAas a design
tool in the construction and design process. The 510 zone
system was basically a means to an end with.the 2300 zone

system providing the best of both sysitems. A thorough review




of the 510 zone éystem and the calibration difficulties
encountered logically leads to the conclusion that the

development of a larger and more comprehensive system was

P absoluteiy necessary for the adequate implementation of a
reliable statewide model.

The development and ;alibration of a 23dO'zone statewvide
model will ailow the Department to obtain det;il design data

as well as planning information from a single modeling effort.




NETWORK DEVELOPMENT
2300 Z0NE MODEL




I. THE 2300 ZONE SYSTEM

In theory; the largef the number of zones within a
forecasting wmodel, the more sensitive the model’'s final
forecast will be. This is to say that the increaseé and

-decreases of traffic assigned to the ﬁetwork will show
fiﬁer degrees of variation through any given corridor if
the number of zones within the model are increased or
corr63pondingiy made swmaller. Models larger.than the
2300 zone system are being contemplated at this timé but
until.these models are developed, the 2300 =zone system

"super model"

will achieve a majority of the proposed
objectives,

The 2300 zone system will necessarily reflect more
realistic travel patiterns over a given network due to the
greater level of detail. Calibration of the larger system
will possibly be less difficult due to the greater_flexibility
of zone size, additional county and local roads, number of
loading peints, etc. A larger number of zones offers a
greater opportunity to adjust loading pattexﬁs from cen-
troids to a more feasible and realistic system or network.

The more realistle the network, the closer the data output

comes Lo answering design gquestions of link volumes, turning

movements and individual ramp volumes.



These are some of the important tqnsiderations and justifica—

tions of and for a larger statewide forecasting model. B

IT. NETWORK DEFINITION OF 2300 ZONE SYSTEM

A. The Definition of Zones:

Zone size and definition are often determined and
influenced by demographic and pelitical boundary considera-

tions. The 2300 zone system was no exception. The netweork

zones weve subdivided by townships, sections . of townships,
citiés, and subsections of those giliven cities.

Two opposing considerations often plagued the network

analyst when zone size was undev determinafion: (1) The
zone musﬁ be small enough to accuvately reflect the traffic
flow which occurs on the routes which connect them, and;
(2) they must also be large enough to allow collection of
demographic, economic and other trip genevration information
which is only available through given agencies énd by
certain area definitions.

bata is often only available ét the towuéhip level

"and zone descriptions of a smaller nature will necessarily

complicate the data pgathexing procesgs. When rural townships

are purposely divided, however, field surveys of the area

will often solve the socio—econdmié distribution questions.
Origin-Destination and other independent studies such

as T.A.L.U.5. and Tri-County often gather data by zones which

are much smaller than the township or even city boundavy level.




When tﬁis data was available, greater network definition
within these arveas became feasible and the final results
more realistiec. As a general rule, the 2300 zone system
used tﬁwnships'aé the basic zone description for rural
areas and a cOmbinétion of study zones in urban areas when
such data were available.

Zones within the system did not cross county boundaries
but necessarily became more heterogeneous than.the 510 zone -
system as a result of smaller zone size and more specific
descriptions. Other variation of éone size also appearéd
in tﬁe urban aréas due, in part, to the avallability df
refined demographic datau. Figure 9 is representative of
the in-state 2300 zone system and Figure 10 represents
the zones in the out-state area.

Specific rural towanship and city population'data were
gathered from the Michigan Department of Commerce Working

Paper No. 9 as published by the State Resource Planning

Program. Urban population data were gathered from three
sources; (1) Major and Minor Origin anﬁ Destination Studies,
(2) Independent City Planning Board Programs and (3) the
Transportation and Land Use Study Program (TALUS) within tﬁe
Detroit Metropolitan Region. Data were gathered for the
base year of 1965 and projected to the design yeaf of 1990.

This'process will be detailed in lateyr reports.

B. Location of County Roads:

The majority of county roads used within the 2300 zone

system were of the Federal Aid Secondary classification. |
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Basically, county and local roads were used to augment the
trunkline system when zones were to be connected for cor-
ridor travel purposes. Trunklines did not always accurately

reflect corvidors of travel between zones and therefore county

roads were used to create a more vepresentative travel systemn.
A secondary but necessary aspect of couniy road use is

lizsted as follows: If trunklines alone were the only means

of interaction between 2zones, this #system would necessarily

result in overloaded traffic assignments because in reality,

many people use county roads as a means of travel and this

would not be reflected on a "trunkline only" system. It is

necessary, therefore, to achieve a realistic balance between

secondary and primary routes of travel in order to obtain
a representative traffic assignment on the state trunkline
system,

The actual location of these secondary routes is a
matter of art combined with a degree of science. When the
addition of a county voad is contemplated, the actual ques-
tion is asked: How will people from zone "A" travel to
zone "B"? 1f these ave no primary trunkline routes to
handle the situation, then a counfy or local road is added
‘to the network which will allow travel from "A" to "B". The

location and size of zopes, consequently, also influences

the location of secondary routes within the network.

The smaller the zones within a network, the greater
the need for‘county roads. County reoads will not be added,
however, if the network analyst feels the majority of people

will sidestep county rvad travel in favor of a longer but

- 27 -



primafy route. Expressways for example, may offer a longer

but initially quicker route of travel between zones. When
situations of this type arise, the network analyst must

subjectively determine the need for additional inter-zonal

routes. Information obtained in the final ;alibiation of
the 510 zone model will also be useful in the final definition

of the 2300 zone network model.

C. Location of Centroids and Centroid Links

Technically, centrolds should be located at the weighted

population center of any given zone. Centroids are often

located at the geographic center of a zone, however, because

actual population dispersion data are not available for the
weighted placement of centroids. According to the Federal

Highway Administration manual Traffic Assignment Manual;

"In a txaffic assignment, all trips are assumed to be loaded
on the highway network from a single point established for

each zone.

The poeoint of loading for each zone, defined as a

centroid or loading point, should be loecated at the center

of activity for the zone. For a completely residential

zone, the center of activity would be the center of gravity

of the zone's population. For example, consider the typical

zone shown below:

(FIGURE 11)
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Assuming each spot represents 100 personé9 the center
of population or centroid, would be established apprqxi»
mately as shown. For mixed land-use zones, such as residen-
tial and commexrcial, the location of the centroid is determined
to a large extent by judgment.” The centrold links should
be attached to logical points of nmetwork contact and entry |
in order for the zone to lead its trips to the system in

a realistic fashion.

III. NETWORK CODING

The descfiption 0of a network involves the application
of pertineﬁt‘traffic and highway data to given links as
defined by assigned node numbers. HNetwork definition
necessarily follows two methods of descriptions: (1} The
actual outlined highways which are located and drawn on
a given map, and; (2) the coded segmental information
describing the route and traffic whicﬁ are to be fed into
the computer for future gnalysis. The 2300 zone system
satisfied both of these description methods.

-General baée maps of the counties within Michigan
(three—eighths_inch to the mile) were taped toggther in
sections and the businegs of network definition and coding
began. Major youtes weyre assigned with solid red lines and
county voads were added with broken read 1inés. Zones were out-
lined in yellbw and centroids were displayed as large rea

dots within the zones. Centroid links were drawn in bilue.

R
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As the ﬁfocess approached.an urban areé where origin-.
destination data were available, detailed enlarged maps
of the area were drawn to capture the network detailed within
the study limits. Nodes were drawn as black‘doté, “ae
(L at.all highway network interchanges;
(2) at the end of control sections, and;
(3) at specified points on a major trunkline to mafk
its entrance or exit from a county or origin-
destination study axea.

The process was then continued as follows:

A. Zone Numbering:

A1l couhties within Michigan are assigned a number
(beginning with 1) according to theix al?habetical position
on a list naming all counties, There are 83 counties in
Michigan and therefore Alcona county will assume the number
"01" and Wexfofd county will consequentl& assume the number
"83"., All counties in between were consecutively numbered
accordingly. | |

0n the 2300 zone system, Alcona county contained 9
zones; therefore, Alcona’s zones will be numbered from 0101
to 0109, As shown, thé zone number consists of four digits.
The first two being the number of the county and the seéond
two being numbers of a consecutive nature., The first =zone
number to be used within the county was located at the
center of thé county and preferably within a city that
rests within an intersection of major trunklines. This

was done to accommodate the assignment demands of the



"Segmental Mode1", (1) e remaining zones werelnumbered
from left to vight beginning at the top of the county and
proceeding to the bottom. All counties within fhe 2300
zone system were numbered in this manner.

(To satisfy a computey progranm requirement, al1 nodes,
once numbered, were co-numbered in a sequential mannex
beginning with the number 0001 and proceeding to 2262%,,.%
the actual number of zones within the network.)‘ Figure 12

is the resulting finalized network for the 2300 zone system.

Figure 13 presents the out-state network.,

B. Node Numbering:

The node mumbering process began with the counting of
all nodes located within each county. To avoid double
counting, all nodes situated on the northern and western
boundaries were assigned to the county under tabulation.
After all nodes were counted and assigned to the respective

counties, they weve added to determine the total number of

nodes within the system., This total was then subtracted from

5891 (The differénée between 2300 and 8191) 8191 being the
absolute number of nodes allowable for computer program

purposes on the Burroughs 5500 computer and 2300 being ﬁhe
number of digits assigned the aforementioned zomnes. Extra

gpace was left for addition of new zones if necessary. The

total number of nodes within the counties was then subtracted

{1) A segmented network technique will be defined in a later
" report but basically this process will allow the network

model user to select the level of network detail required
for a specific area of the state when doing a traffic fore~-
cast. This will provide the user with substantial savings

in computer run times.
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ffgm_589l and the remaindé¥-divided by 83 (thé'qpmbex of
counties within Miéhigan} to determi@e ﬁhe averégéuextra
nuébgr of assignable mode numbers stiilravailab;e.pgr county.
Theae extré mode-numberg woﬁld:be used to:édd:pfoﬁaééd:
altemate xouteslthrough any givén,aqﬁnty, Sémé\cqgnties
received more “"extra numbers’ due to thair.sizé and‘populaj
ﬁion density. The averag; "extra ﬁumber” amounﬁ;aﬁéraged"
tolapproxiﬁately-lﬁg 9-10 fox the'émaller counéies andzzbfgo
for the larger couﬁtieam The range df node nu@befsjﬁrqm“
2301 to 8191 was then assigned to theicountieé‘iﬁ a geor -
graphic manner. Numbeyxing began in the Upper Péﬁinsula
an& gib;eeded.to the ipwe% Peninsuia in a sweg%ing m#nﬁex,
Tﬁis was done tq allaw quiaker_and=easi&f iden;ificaﬁion

of node locations and sequences. {S@Q‘Figuré 14)

. Link'Data Coding:

Plastic mylay sheatg.wete lafid over the sagménté 6f‘
network maps and taped down. Chiné ﬁarking péncils WeIe
then used to mark the pr@gre%s 0f'£he.&oﬁing:é£§cedu$§;.

As each sagmehtlof network was-cadéd'om_gode éhééﬁsa a

line was drawn over the respéctive.réute with aiﬁafkiﬁg
peﬁqil to signify iis completion;__The Link c@dglsheét

used in the ﬁetﬁoﬁk coding procedﬁﬁe is 1istéd'ih.figqr§ 13

The "A" nmﬂé oflthe.“ﬁ" and ”B":nqde segmeﬁt'ﬁas'to |
héve always been the lowsr of tﬁe‘twalnode numbéfg; .This
was done to éid in the vecovery of link cards.wﬁen‘manuél'

correction of the network was'necessary, The next bit of



COUNTY ORDER FOR NODE NUMBERING SEQUENCE

County

Co.#
27 GOGEBRIC
66 ONTONAGON
3% HOUGHTON
4? KEWEENAW
7. BARAGA
36 IRON
52 MARQUETTE
22 DICKINSON
55 MENOMINEE
21 DELTA
2 ALGER
75 SCHOOLCRAFT
48 LUCE
17 CHIPPEWA
49  MACKINAC
24 EMMET
16 CHEBOYGAN
7i PRESQUE ISLE
4 ALPENA
60 MONTMORENCY
69 QTSEGO

Figure 14

Range of Wodes Co.# County
2301-2324 15 CHARLEVOIX
2325-2348 5  ANTRIM
2349-2384 45 LELANAU
2385-2397 10 BENZIE
2398-2417 28 GRD.TRAVERSE
2418-2449 40 KALKASKA
2450m2543 20 CRAWFORD
2544-2593 68 0SCODA
2594-2626 1 ALCONA
2627-2664 35 10SCO
2665-2693 65 OGEMAW
2694-2723 72 ROSCOMMON
2724-2740 57 MISSAUKEE
2741-2778 83 WEXFORD
2779-2815 51 MANISTEE
2816-2856 53 MASON
2857-2897 43 LAKE
2898-2931 67 0SCEOLA
2932-2972 18 CLARE
2973-2990 26 GLADWIN
2991—3616 6 ARENAC

35

Range of Nodes

3017-3049

13050-3092

3093-3120
3121~3151
3152-3221
3222-3252
3253-3286
3287-3305
3306-3334
3335-3366
3367-3399.
3400-3437
3438~3479
3480-3555
3556-3615
3616-3650
3651-3679
3680-3716
3717~3756
3757~3786

3787-3817




C@ #

Coupty Ordey

County

32

J
6
37
9
62
64
61
59
29
73
79
74
77
b4
25
76
19
34
41

70

HURON .
BAY -
MIDLAND
ESABELLA
MECOSTA

NEWAYGO

OCEANA™

ﬁUSKE§Q¥
ﬁoﬁTGELM
GRAiIG$ 
SAGINAYW
TUSGQLA
SANILAG
sTa,CE%13
LAPQER".
GEFESEE
SHIAWASED
@LIﬁTQﬁ r
tonia
s

OTTAWA

For Hode Numbering Sequenqm
(antinued)

Gange of Nodeg Co.#

Cpuntg

3818-3869

3870+3955
3956-4034
4035-4093
5094=4145
4146-4210
5211-6248
4249%4345
4346-4398
5399-4453
4&5&%459?
45984659
46694721

47224845

4846-4898

4899-5098
5099-5147

51484159

5200-52¢62

52635474

54755561

- 36 -
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8
23
33
47
3
50
82
1
38

13

39
80

11
14
78

12

30

46

58

ALLEQAN
ﬁAﬂﬂx
E&TQN
INGHAM
LIViﬁGﬁ?og
ogkﬁﬁND; :
MACOHB
WAYNE
WASEiEN%W
JAGKSON'
CALHOUN
KAL@?AZQQ
VAN gﬂREN_

BERRIEN

CASS

ST. JOSERH
BRA?Qﬂ :
H;LtsnA;E'
LENAWEE

MONROE

QUTHTATE

2of 2.

Range @f Nodes
5562 3634? |

5635 3694
5695@5781
5782 5946
5947 5997
5993 6212
@913 ﬁ320
632]&6585
6536w6718_
6?19?6891
6392 ?042
7043: 7164
7165-7232

753327391

7392-7451
1452:7325
1526-7576
?5??%1625
762? 7772
7773 7900

7901«8191
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information require& was distance orx specifically the distancé
in miles between the two nodes underx cansiderétion. Tﬁe

exact distange‘was deteyrmined through the use of a mechanical
instrument callied a "Circular Map Measurer". ‘This instrument
coentained a wheel which could be run along a given route,

The distance the wheel traveled indicated the appropriate

distance of the network segment. Link distances within

control sections (which listed exact mileage) were adjusted
to conform to the precise control section distances. (A
control section and its given number is merely a system
ﬁsed to identify given measured segments of highway.)} This
procedure was initiated to guaranteecexact total mileage
figures for -various types of highways within the state and
as a base for filinpg hipghway data by route.

The next bit of information to be coded was the "T"
or "S" designation as indicated on the code sheet example
in Figure 15. The "T" indicates time and the "S" indicates
speed, both of which are network indicaters of link distancé,
The "T" indicating the time it takes to tréverse the assigned
distance on the 1link. To indicate either "T" or "S" on the
code sheets designates whether either link speed or time is to
be used in the compuier program computations, |

The next ﬁiece of information to be coded is speed
as this was selected as the unit to measure link distance.
This whows the average szpeed assigned to each link. The
speeds shown wefe deteymined by the particular‘élassifica—
tion of road under consideration. Figure 16 outlines the

highway classifications and related speeds. Speeds were



FTLGURE

16

NETWORK MODEL SPEEDS - 2300 ZONE
SYSTEM STATEWILDE MODEL |

Outstate 40 MPH
Centroid Links
{(Co. Local)

County Roads

City Streets.

M-or US-Routes 2 Lane

M—or ﬁS*Routes 4 Lane
(Undivided)

M-or US-Routes 4 Lane
(Dividgd) Non Limited
Access

Interstate & Freeway
Limited Access

Rural Urban 0D
‘30 20 20
35 - 25

+ 25 25
45 - 30
50 35
55 40
60 50

also related to the number of lanes on the‘highway, the
proximity to urﬁan areas and other environmental conditibns.
Results of post-calibration experiences on the 510 zone
system alded inﬁEhe finalization of this chart.

Columns 29 through 31 were used to indicate the capacity

of the highway links.

This information was obtained through

the use of the 1965 Michigan Department of State Highways'

sufficiency rating printout,

The last zero on the respective




caﬁacities was dropped and the remaining numbexs entered
in the appropriate spaces. Again, this operation was due
to specific computer program demands. In the future, it
will be possgible to obtain more specific capacity information
by using suggestions made in the Federal Highway Administrétion's
manual on highway capacities.
Columns 32 through 36 were used to denote the Annual

Average Daily Traffic (A.A.D.T.}) for each sepgment of highway.

This information was taken from the Department's 1965 county
A.A.D.T. maps. . Due to the fact that the computer program
dealé-with directional travel, the actual A.A.D.T. was halved
and placed in the indicated coding sheet spaces.  The 1965
ALA.D.T. ﬁas used as this will be the base year used in the
model calibratiou process.

The "2S" designations in columns 40 and 41 indicate that
the link is a two-way voute and the “S" again indicates that
speed was to be used in the computer computations. Columns
67 and 68 were used to show the sequence underlwhich the
network links were coded within a given highway control
section. The designations 01, 02, 03, etec., were used to
list the network link sequences. This was done so that
speclalized reports dealing with certain sections of given
rputes could be portrayéd in a sequentlal manner based on
control section number and sequence number.

Columns 69 and 70 designated basic link types ér the
specific classifications of the link. TFour link types

existed and were given the following numerical classifications.



00 = Trunkline links
01 = Centroid links
02 = County road links

03 = Qut-state links

Columns 71 through 72 were entitled link jurisdiction

- and described in greater detail the specific types of routes
under classification. These classifications indicate more
accurately the differences in routes as determined by

urban and rural specifications. Coded differences in route
classifications can then be used for specialized vehicie
miles gstudies and highway needs studies. This will aid
tremendouslf in highway inventory investigations when all
routes‘are ligted by specific distanéesj,types,and classifica—
tions. Out-of~state and centroid links were also preéisely
defined. Figure 17 lists tﬁe numerical designations of the
various links. These highways were classified éccordiﬁg

to the information obtained from the Department'S'Countz

Atlas of Federal-Aid Maps. When the 1970 Federal Needs

"Study is completed, the 2300 zone link file will Be updated
using functional classification data from this study.

Columns 75 through 79 are to indicate the humber of the
highway control section frxom which the pafticular link seg-
meng originated. The control section information was obtained

through the use of the Department's Control Section Atlas.

County roads, though not represented by a complete control
section number, were indicated by coding the county number
in the first two spaces followed by corresponding zeros..

This was also true of centroid links and out-of-state link

data.
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LINK JURISDHICTION CLASSIFICATIONS

Figure 17

INTERSTATE RURAL
INTERSTATE URBAN
FEDERAL AID PRIMARY

FEDERAL AID PRIMARY

" (STATE) FEDERAL AID

(STATE) FEDERAL AID
(LOCAL) FEDERAL AID

(LOCAL) FEDERAL AID

RURAL

US-ROUTES
URBAN
SECONDARY RURAL
SECONDARY URBAN
SECONDARY RURAL

SECONDARY URBAN

STATE TRUNK-LINE NON-FEDERAL AID RURAL

STATE TRUNK-LINE NON-FEDERAL AID URBAN

LOCAL RURAL

LOCAL URBAN

CENTROID LINKS

QUTSTATE CENTROID LINKS

OUTSTATE HIGHWAY LINKS




IV, EDITING THE NETWORK THROUGH THE USE OF COMPUTER TECHNIQUES

Now that the network has béen coded, the business begins
of transferring the network to computer tape and of editing
‘this particular network. Im order to accomplish this, in 1969,
the Michigan Department of State Hipghways, in cooperation ﬁith
the Pennsylvania Department of State Highways and Alan M.Voorhees
Consultants, initiated the development of a transportation
planning package of network computer progfams.' These programs
were designed to handle énd procéss the multitude of network
.jobs'associated.with the building, updating, and assignment
work of the traffic estimating cbnfinuum. One of these pro-

- grams, (TP-Net Q01402) was used to build the 2300 zone network

and aid in the éditing processg.

A. ‘"Ins" and "Outs" Corrections:

Program Q01402 1ists basic ¢oding errors found on network
cards as well as printing the nuﬁber of links entering and
leaving each node. By checking the number of 1in§s listed as
entering a.node against the acfual base ﬁap, errors in coding
could easily be detect;.ede The basic discrepancies encountered
~were simply ones of too few links entering a node or too many
links entering a node. When these errors were:detected; further
checks were made to deteyrmine if the link had simply been ovérw
looked or 1if it had been assigned to another node erroneously

by the transposition-of a node number (See Figure 18)




" MICHTGAN STATEWIDE 1965 NETHORK 2300 ZONE SYSTEM

B}\,(,E 63 5

MO OF LINKS In ANp QUT Of EACH NDDE

IN ~ppE ouT I wopE aut  Iw MOpE guT  Im NopE oyT  In NOopE OyT  IN wopE oy IN MopE ayT  IN mopE ouT  IN NOpE oyl  IN NopE 0y7
5 apg6p 5 3 841056 3 3 2157 3 3 8497 3 3 4255 3 2 4295 2 3 4350 3 2 2399 2 5 6839 5 & a489 &
3 4p81 3 3 4109 3 4 4158 4 3 4498 3 4 43256 4 3 4996 3 2 2351 2 & bkapp 4 3 444 3 & g890 &
4 4p62 & 5 84110 4 4 4159 4 4 4959 g 4 4257 - 8 3 2297 3§ 4352 & 3 48p1 3 0 4 484y s 3 8495 3
4 4063 4 4 411t 4 4 4160 & 4 4zp0 8 & 4258 & 3 4598 3 5 2353 S 3 aap2 3 3 44842 2 3 aa%p 3
4 &pba 4 3 4112 3 3 8163 3 4 4901 & 4 4259 a 5 4299 5 2 4358 2 2 24ip3l 2 5 8243 5 3 6493 3
5 4065 5 3 84913 3 4 ax6éz 8 4 4211 & 3 4360 3 5 4300 3 5 4355 5 8 aaps 4 3 4458 3 3 2698 3
5 4p66 5 5 4114 5 4 4163 ¢4 4 4292 & 3 4261 3 3 4301 3 .3 4356 3 3 480% 3 4 4455 g 4 4393 4
3 4p67 3 3 4315 3 4 #4164 4 4 4243 & 4 4262 & 2 4307 2 5 4357 5 4 sagb A 4 48%6 g 3 4496 3
a 4pb8 & 4 4116 4 4 45165 a4 S 4p14 S B 4263 4 6 4303 & 3 4358 5 3 4897 3 z 4457 3 2497 3
3 4089 3 34917 3 3 4166 3 3 4215 3 & azes & 2 4308 2 3 4359 3 & sapf & & 4458 a 3 5298 3
3 4070 & 4 4118 ¢ 4 4167 4 5 4216 5 5 4265 S 4 4305 4 3 4360 3 4 28g% & 5 4839 5 7 aa%% 7
4 a7y & 5 4119 5 5 4168 5 3 4217 3 § 4266 3 3 4306 3 4 436y 4 ¢ &4yn 2 3 4469 5 3 4505 3
3 4pfz2 3 T4 a3z 4 3 4169 3 3 4238 3 3 4267 3 4 5307 4 2 436z 2 5 a49q 3 4 4463 4. 3 859y 2
4 44573 4 3 4321 3 4 8370 4 5 4p19 5 - 3 4268 3 4 4308 4 3 #3363 3 3 48y 3 -3 462 3 ¢ 4%n2 &
3 4g7s 3 4 4122 4 4 4171 & 3 4728 3 3 4269 3 4 4309 4 & 4368 & 3 4a¢3 3 3 843 3 5 4503 5
36075 3 & 4123 & 3 43Tp 3 3 427 3 3 4270 3 4 4310 & & 2365 4 5 gaqs S5 3 4662 3 5 2503 S
2 4976 2 3 4124 3 3 86573 3 4 4p22 4 a 8271 & 4 4311 4 3 2366 3 4 2245 4 3 4465 3 3 4505 13
3 47?3 4 4125 4 3 6174 3 "3 8p23 3 § 24273 3 5 84312 S § 4387 & 3 4816 3 ERLL LI 4 4308 2
2 278 2 3 6326 3 -4 8175 & 3 4224 3 T4 4273 @ S 4313 S 5 4388 5 3 4897 3 5 4467 5 5 asgr &
4 4p7¥ & 3 8127 3 .3 £476 3 3 4995 3 6 82Ty 6 4 4315 4 .8 5369 4 5 asg8 3 4 4468 4 2 4503 2z A
L &pBg 4 3 8128 3 5 4477 5 4 8726 4 4 4275 4 - 3 84315 3 3 4370 3 5 44¢9 5 & 4469 4 Z £509 2 g
5 dp8¢ 5 3 4129 23 3 4178 3 4 4227 4 6 4276 & 3 4316 3 4 a3ty 3 & g4p0 4 4 447 4 5 4510 S P
3 4Bz 0% z 4139 2 5 4179 5 38328 3 a4 8277 4 3 4347 3 8 4372 & 4 a4py 8 5 4574 3 3454y 3 &
5 4583 5 5 4931 5. 4 418y a4 4 45329 & 4 4278 g & 4348 6 3 4373 3 5 a9z S 2 4473 o 4 8547 & &
¢ agle & 4 4437 4 3 4187 3 3 4235 3 a8 8279 a 4 4319 4 4 4378 & 5 8433 5 4 4T3 g4 4 8543 &
5 4p85 5 3 4333 3 3. 4182 3 4 423y & 2 428y 2 3 4329 13 4 4375 4 3 4034 3. a4 4a¥a g 4 8% 4 —
2 409 2 5 4438 3 5 4183 5 3 4232 3 8 4281 4 4 4321 & 3 4376 3 4 4435 4 5 4875 & 5 23545 3 @
2 4995 » 3 4135 3 2 4184 .2 3 8233 3 5 482 5 & a3p3 4 5 4377 5 3 bané 3 T 4af¢ 7 4 8544 &
3 4p% 3 4 8336 4 3 4185 3 & 8338 g 5 483 S 4 43723 4 & 4378 4 S .4457 5 & 4a¥77 4 & 45¢7 a
5 44%7 5 3 4146 3 4 51686 4 3 4235 13 4 4284 & 3 6324 3 3 4379 2 o gush 4 3 4478 4 5 45¢38 4
4 4096 & 4 4147 4 3 4187 3 4 4336 & 3 4285 3 4 4325 & 3 a38p 3 4 1439 a4 & 447% g 5 4519 %
4 4099 4 5 s148 S5 - 4 8186 & 5 4937 5 4 4286 & 4 4326 & 3 23Ry 3 3 4839 3 4 4535 & 2 4529 2
3 4100 3 5 4149 8 4 4189 & 5 4z3p 5 2 4287 2 4 4327 4 4 4382 a 3 t431 3 4 4881 p 5 s%21 5
2 %101 2 5 4495%p 5 S 4199 5 -3 4239 3 3 4288 3 4 4328 & 4 4383 & 3 4432 3 3 a482 4 3 8%22
5 4102 3 4 4151 4 3 8197 3 3 4269 3 8 428% a4 3 4329 3 4 8382 g 3 aa33 3 4 4583 g 9.4523 3
3 8103 3 4 #4152 4 3 43192 " 3 3 435 3 3 4290 3 2 43317 2 3 84385 3 4 saz4 @ 8 4uBa g 5 4525 3
3 4304 3 4 4153 & 3 4193 3 2 4254 2 4 4291 4 2 4346 2 5 4386 5 3 4435 3 & 8485 g 34325 3
2 4905 2 2 4454 o 3 4194 3 5 459 5 4292 2 -3 8347 3 3 4387 3 3 4836 3 & 4488 g 2 4526 -
2 4108 2 2 4155 ¢ 5 4195 5 3 4553 3 4 4293 & 5 4348 5. 3 4388 3 3 sa37 3 4 44887 4 5 4557 5
2 4107 2 4 #4456 4 3 4196 3 3 4254 3 o 4294 3 4 4389 & 5 4389 5 3 4438 3 4 4488 p 2 4528 2




In the majority of instances, the 1a£ter.held trué
and nodes with too few.and too many linkérattéchea to them
were often found in close proximity. Oﬁe node with too many
links would wsuvally contain a link that belonged to a neighbor
node which :espectively'contaiued an inadequate number of
assigned 1inks, Once the exact nature of the error was
detecﬁed, the links were re-coded to confofm to base map

specifications.

B. Printout Node Listing Check:

A more tedious but thorough accuracy check was then
conducted after the "iﬁs“ and "6ﬁts" procedure was completed.
To hegin, program Q01402 also prints the assigne& numbers
of nodes which are attached to each_individuél node., -See
Figure 19 fof details. For‘ekample, node 2315 would be
listed as being attached to nodes 2312, 2314, 2316, and
2418 respectively. The base maps for.each county were
thén checked~tg see if node 2315 was ipdeed.attached to
the nodes outlined previously. This was done for each
node in every county{ This procedure was enacfed to:

(1) inéure absolute accuracy éf the statewide network;

(2) guard against an ovexlépping of node links wﬁich

ﬁould not be detected in the '"ins" and "outs"
check procedure; |

(3) assure the accuracy of the ﬁrimary-méster network

maps .
The procedure tock longer to gomplete but benefits received

outweighed the time and effort expended.
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CONCLUSION

The statewide model can be seen to bring a.new dimen-—
sion to the xural transportation planning process. The
510 zone system has presented the framework for improvement

and the 2300 zone system has provided even more evidence

‘of things to come. Delving intec the future traffic pattermns

for an entire state has been a monumental if not impossible
task in the past but now the computerized model pla;es
statewide analysis within the grasp of reality. |

The two systems, as preseﬁted, show marked differences
in terms of zone size, network loading, and other technical
aspects. Wi£h'the differences overlooked, howevér, both
systemns haverpresented a common framework for future improve-
ments and a vast artay of pertinent facts and information.
Volume I of this series thoroughly feviews the new uses and
bepefits of a statewide traffic forecasting modél° The task
at hand appeégs to be the challenge of implementing both
systems to theiragreatest potential within the framework of-

current and future departmental needs.





