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INTRODUCTION




INTRODUCTION

In June, 1970; the Michigan Department of State
Highways completed the initial development of a computer-
ized statewide traffic forecasting model.

The department, in conjunction with the ¥Federal High-
way Administration and many of the more progressive Highway
Departments, early in 1965 recognized the need for rapid'
development of a statewide traffic forecasting model which
is the basis for comprehensive highway planning, design and
construction. The diagram in figure 1 is a summary of the
Federal Highway_Administrétion's comprehensive transportation
planning process. Because of the complexity of the environ-
ment, many state highway departments will need to rely heavily
on this type of comprehensivé planning process when deveiopiﬁg
a total state trunkline system.

Many states such as New York and Wisconsin have used
techniques gsimilar to Michigan's proéosed_statawide modeling
process to successfully accomplish those tasks outlined in
red within the transportation planning process diagram.
Selected governmental agencies have also usgsed the basic
research and development efforts in their statewide modeling
program as the initial input to the_formulatiﬂn of a statewide
land use model, Statewide land use modeling techniques would
be extremely valuable if applied within the framework of the
transportation planning program as suggested in the Federal

Highway Administration gulideline.
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Other state agencles such as the Department of Natural
Resources. and the Department of Commerce would also benefit
from development of this type. Specifie projects within
their organizations have an existing need for land use pro-
jection data.

A statewide land use model would ultimately improve
the Michigan Department of State Highwaysplanning and
construction program by supplying the necessary land use
projections required in a comprehensive transportation
planning process. This modeling effort would necessarily
have to be less complex than similar urban models,

The Michigan Department of State Highways have taken a
gsigunlficant step in the formulation of a comprehensive trans-
pqrtation planning process through the preliminary development
of a statewidé traffic forecasting model, dreation of a
.computerized traffic model is critical tc the operation of a
functional highway construction program; Final calibration
of this sophisticated modeling effort will érovide members of
the commisgssion, legislators and other:department administrators
‘with the ability to obtain expedient cost-efficiency analysis.
of proposed trunkline systems or route location questions rélated
.to the development or planning of a total state trunkline system.
The calibrated model will also allow any user to test alternate
total highways systems, segments of the total system, or specified
individual routes. 1Initial research and development has been
conducted so ﬁhat this same model may be applied at the admin-

istrative level as well as in the final highway design stage.




Selected.examples of specific model applications at each
decision-making level are presented in the figure 2. Model
development responsibility is assigned the Statewide Studies
Unit within the Transportétion Planning Division b#t as this
figure indicates thére is unlimited potential use thrdughout
the department.

Model development of this type within the Transportation
Planning Division is critical to the division's efficient
operation, because of the exﬁanding scale and complexity of
the comprehénsive highway planning process. The scope of
each subsequent transportation planning project, such as the
needs and classification studies-or the post—-1977 bonding pro-
gram, warrants immediate consideration of some sophisticated

computerized technique similar to a statewide model., The
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of developing a statewide traffic forecasting model., These
models will be a primary importance in the future highway
planning process as the letter on the page following figure 2
indicates. |

A very brief resumé éf the model's poteﬁtial application
specificalliy within the Transportation Planning Division appear
in figure 3. These comments are the result of a review of
.existing application of statewide models ﬁithin other state
highway departments and therefore are tested operational uses.
Completion of Michigan's.statewide model development process
would make these same applications available to the Michigan

Department of State Highways.




COMMISSION STATE HiGHwA:g

b . 5 ’—~—E Info_..". 1ﬁti0,.:. E I - e - 3
170 COm on B EXECUTIVE ?’ I L.x.._m -
. 4 e —————— - |
A HSSION E: SECRETARY :

: STy “ﬁmniz‘g_—“- - - ..__.._.......-..--------—-i
1
i i
= 1A - 18 : i
) MACKINAC AND
! ATTORNEY STATE HIGHWAY INTERNATIONAL i
% GENERAL DIRECTOR BRIDGE AUTHCRITIES
s 3 | |
g b e e e e e — . =]
]
]
| -
i g I i —_— ABILITY TO RAPIDLY TEST
i : TOTAL STATE HIGRWAY
PUBLIC PERSOMNMEL URBAN |
i — el PLANS QR [NDIVIDUAL
i INFORMATION DIVISION PROGRAMS r_ CORRIDOR ALTERNATES
i l SUCH ASUS-23 EXTENSION
1 GR U5«3l- 15 PROPOSALS
i |
E i 1
H i’ DEFUTY __{ 1
i DIRECTOR '
1 i {CHIEF ENGINEER ¢
i ! ' i
i ASSISTANT }
i laa DEPUTY ) ;
DIRECTOR } : — ] L
Wi AR : )
. _ 'LOCAL ASSIST. DEPUTY RANSPORTATIONE 1 STATEWIDE
; } GOVERNMENT DIRECTGR PLANNING e —— o —
CFFICE OF DIVISION DIVlS|ON PﬁGDEL ¥ i
FINANCIAL ' e ' 1 }
PROGRAMS . { H
ANG ‘ - ; :
INTERNAL _ . ‘ SUPPLY RELEVANT :
SERVICES : - - TRAVEL CHARACTERISTICS {
B ERLIR LT DATA AND AHALYSIS H
AS BASIC IRPUT i
) | !
] . | i
A -
Bﬁfj&;ﬁqg .. BJEAL OF B. BUREAU OF I }
l HTERNA . ENGINEERING OPERATIONS 1
" — | :
| !
i 1 J__ | . i §
FHMAMNCIAL OMPU £R OFFICE S0 - TESTING AND 3 ) !
O OMPUTE Srices DESIGN  f- | KIGHY OF waY RESEmRCH MAINTENANCE | [consTRUCTION | VTILITIES AND i | TRATFIC AND &
s VISt DIVISION | IVISION DIVISION BIVISION PERMITS SAFETY 5
| b iSION DIVISIO N 0o . pivision BIVISION DIVISION |
L i
! 1
. PROVIDE, PROJECTED o
l_.._...—-_.....—....——-.--——.—.-—--—--n—-nm—-—-——-—w-—-—--—- TRAVEL VOLUME DATA | swe e over s e omewr e
1IN DETAIL 4%
DIREST et

MICHIGAN DEPARTMENY OF STATE HIGHWAYS

4 N MICHIGAN DEPARTMENT OF STATE HiGHWAYS
' GAI\"/‘[*T N N%MUF\E

IR




.3, DERPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
BUREAU OF PUBLIC ROADS
REGION FOUR
Lansing, Michigan
48901

oy

December 29, 1969

IM REPLY REFER TO:

Mr. Henrik E. Stafseth
State Highway Director
Department of State nghways

Lansing, Michigan

Dear Mr. Stafseth:

We are attaching a copy of a field trip report by
Messers. Hazen and Dean of our Washington office re-
viewing the Statewide Traffic Forecasting Model.

The progress on the Statewide Model is satisfactory

and we believe it to have one of the highest priorities

e : ;.. in the planning prograum. The quality and interest of

B o those ipvoived in ubilizing the best possible procedures

was encouraging. OUne of the deterrents to having a '
working Statewide Model is the existing staff limitations.
We feel that the priority of this item warrants a review,
by the department, in terms of increcased staffing.

Sincerely yours,

Zf/ﬁ w e //--m?h,fy'
v ,Danlel Watt A
D1vl910p Engineer

Attachment
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In éddition to the suggested applications'in.figurEVB
the model's technical capabilities have been used by several
state hilghways departments as a unifying element within the
planning structure. The model also has been used to:

1. Supply for the first time complete detailed analysis

of a total highway plan or alternate plans as a single

project, rather than the manual segmented techniques

presently in use,.
2. Act as a binding elemeht between each of the individual
urban transportation studies, thereby filling a void

that presently exists.

g
As a refined transportation planning tool, this model will & <5
' o7
allow the Division to supply both the administration andéfgy
: O G
e r - . - - 4;57 ".“}”Q’
commissioners with explicit informed answers to quest % & that
_iJ
Iy

arise regarding such subjects as the US-2 "freeway", U

t

extension, scenic highway projects and the "post-1977 bonding
program'.
Finally, the two most significant model contributions
regardiess of the level of application are:
1. The model's ability to eliminate many of the presently
subjective decision-making precesses. Decilsions
based on subjective analysis tend to be only as
reliable as the attitude of the individual at the
particulav moment each decision is made.

2. All analysis phases of this process are computerized.

This will allow the user-- whether administrator,




planner or analyst-- to provide intelligible answers
to complex-individual plans or questions involving the

total trunkline system in a matter of days. Presently,

the answers to the multitude of questions related to

the development of a total trunkline systém require
menths to formulate.
Therefore, the basic purpose of this report is three-

fold: (1) to present the proposed model objective, (2) to

define the specific work programs involved, and (3) to docu-

ment the benefits received from an operational forecasting

model. Staff requirements and a proposed time schedule have
alsc been discussed in the conecluding section of this report.
Comments and suggestions from any of those individuals who

review this report would sincerely be appreciated as the final

product will be useful only if the requirements of the
potential user are taken under consideration during this

development program.
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STATUS REPOAT -
MICHIGAN STATEWIDE TRAFFIC FORECASTING MODEL

During the past decade travel forecasting procedures
have experiencgd raplid development in uvrban areas, as
the result of the application of computerized traffic fofeé
casting techniques, Many of the original cowmputerized
urban traffic modeling efforts were developed because of
tﬁe complexity of the basic socio~economic data collection
process in combination with urban erigin-~destination surveys.
Several states began to recognize the potential
necessity of the application of similiar technology at the

statewide level. <+the size awd complexity of many studies

such as the highway needs and highway classification projeecrs

actually reinforced the need for development of a computerized
statewide traffic forecasting model. These studies, as well “
as tha Fedefal 104 B-5 study, required traffic forecasts for ﬁ
several pre~selected years for the total state trunkline

gystem; With existing techniques, tasks of this scale bordered ﬂ
on the near impossible, especially if the final product was teo ;l
be reliable, The Michigan Department of State Highways
recognized the need for automation and was among the first
to begilin development of a statewide traffic forecasting model. ﬂ
Arthur D. Little, Incorporated was retained to complete the 1

preliminary model and to develop working procedures early in

1965,



The initial work program was a two-phased project with
Phase 1 being completed by Arthur D. Little, Incorporated.
Phase II was to be a detailed refinement of the Phase I net-
work and travel models through the use of additional data

collection analysis.

Information obtained from the research and development
work in Phase I has resulted in a major change in the work

program as originally defined by the State Resource Planning

Agency. The proposed work program follows:

PEASE 1 - Preliminary Network and Travel Model
o Development

PHASE II - Calibrationm of 510 Zone System and
Conversion of Vacation Model

PHASE IIT ~ Peak Hour (DHV) and Vacation Model

: Development in Conjunction with 2300
Zone System PDefindition

PHASE IV - Definition of Total Road System as

Related to the Development of Cost

Efficiency and Highway Programming

Modal

This work program was developed as a result of the

preliminary research completed by Arthur D. Little, Incorpor-
ated and a review of the future traffic forecasting needs both
within the department and the federal level. Tncluded in the
second portion of appendix A is a copy of the original consultants
éuggestions as to model improvement at the counclusion of Phase I.
Thaese suggestions, along with information galned from analysis of
the consultants’ traffic assigunment plus review by the Federal

Highway Administration, were the basis for the final work programs

presented in this report. All of the questions discussed in the



model improvements section (appendix A) had teo be resolved
and therefore were the basis for the development of Phase II
and Phase IIY work programs,

The work program has been expanded into a four-—phased
project because!

1. Model calibration and data update are complex
projects by themselves and therefore should be
completed independently from detailed model .
development.

2. Model reliability must be established during Phése IT
before additional model applications are attempted
in Phase IIL and IV.

3. The vacation model refinement process and development
of a peak or design hour volume (DHV) model are
similar in data requirvements and therefore have been
combined as the Phase III portion of the proposed
work program.

4., Cost-efficiency and highway needs programming

processes are additional model applicatiocons.

Theraefore, Phage TV hag heen added co that tha
Department's model will be developed to its fullest
potentdial,
Phase III will deal with the influence weekend travel has on
statewide travel patterns. Although Phase IV may not Include

sophisticated travel models, it should involve a significant

proportion of Michigan's total road system, both state and

county. Model development will proceed as a four—phased project,

The diagJam on the following page is a resumé of the present
project status as of October, 1970,

From the date the department received the final
consuliants’ report on the preliminary model development
in Phase I until late 1968, only two bart"uime staff positions

were allocated to centinue this project. Therefore, until
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late 1969, the equivalent of only one full-time anmalyst had
been assigned to continue refinement of the model.
Beginning in late 1969 and early 1970, two additional

analysts were added to the Statewide Studies Unit. With this

addition and due consideration for added responsibility, the
unit at this time could allocate the time of 2 1/2 staff

positions to the model development process. This is some-

wvhat less than the staff requirements suggested in the final

staff requirement section of this report. Project furding
difficulties also hindered development during this same

period and as a result the department has not presently

realized the full potential of the model.
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|OBJECTIVES
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A significant poftion of the Phase I work program was
accomplished by Arthur D. Little, Incorpcrated. A summary of
the model development.techniques are included in this report
in the first portion of appendix A. The primary objectives
of Phase I were threefold:

1. Definition and development of a preliminary

state highway netﬁork model.

2., Definition and development cof a set of preliminarj

travel forecasting models,

3. -Definition 6f computer programmer-operator manual,

This manual was to prowide the information needed
to operate the computer programs which form the
statewide traffic fovecasting model package.

The preliminary state highway network model was to
include all state trunklines and only selected county roads.
County rodds included in the highway network model carried
either relatively large traffic volumes or had travel
characteristics similar to state trunklines.

The preliminary travel forecasting model development
was a two-part process. The primary objective was the develop-

ment and calibration of a set of frip generation model(s).
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Secondly, based on the knowiedge gained in trip generation
regsearch, three trip distribution models were defined and
calibrated. In both situations the model research was based
on survey data collected for the following origin-destination

studies.

Allegan Benton Harbor
Alpena “Cadillac

Ann Arbor-Ypsilantdi Detroit

Battle Creek | Monroe

Bay City Niles

A daily computer program operation procedures manual evolved

O as a result of the statewide traffic forecasting model develop~
ment process. This manual was to describe Lthe operational

procedures of the Federal Highway Administration traffic assign-~

ment system on an IBM 7090 computer. The manual was also planned
as a computer program users. gulde when attempting to operate the

preliminary trip operation-distribution forecasting models.

WORK PROGRAM -

With the above objectives in mind, a work program was

defined to include the following tasks:

1. Selection and definition of the type and numbexr of

roads to be included Iin the highway network model,
2., Definition and developmenlt of a statewide =zonal

-system related to the scale of the highway netyork.



Refinement and analysis of trilp data base ko be

L2

ugsed din travel forecasting model development.
4. Calibration of the trip generation model to base

data.

5. Calibration of the trip distribution model to
base data.

6. ¥ull scale test of both highway and travel models

through the application of computerized traffic

assignment methods in use in urban areas.

Network selection and definition was to be accomplished

using techﬁiques commonly utilized by the Federal Highway

Administration as suggested in the 1964 Traffic Assignment

Manual. Slight modifications were required due to the size
of the statewide highway network. This network definition
process resulted in a highway network of approximately

3500 segments or links.

Definition of the zone system involved the divisilon of -

Michigan's 83 counties into 510 zones. This division resulted
in a zonal system of 480 zones for the state and 30 zones for

Ontario and the 4 surroundiang states,

Before travel model development could begin, the survey

data for each of the origin-destination studies was adjusted

to a base year. This adjustment process was rvequivred because
the original surveys were taken over a period of time that
differed as much as 5 years. This time span resulted in

significant variations in preliminary travel summary statistics.



The travel analysis involved such summaries as total trips
by study area, average trip lengths by purpose; and "other
related trip statisties. These summaries supplied the basic
answers to questions which had to be resolved befofe'trip
genevration and trip distribution model calibration could be
initiated.

Trip generation and distribution model development
involved determining exactly what typés of models would be
requi?ed to acecurately forecast future travel. Calibration
of the final models required the statistical fitting of
each model to 1ts related survey data from the ten origin-
destination studies.

The final task in the work program was to be accomplished
using Lraffic assigument techniques defined in a federal
Highway Administration's manual entitled Traffic Assignment

Manual, published in June of 1964.

OUTPUT FOR DEPARTMENT USE

As a result of the completion of the work program for
Phase I-in the deveiopﬁent of a statewlde traffic forecasting
model, the following data are available for department use:

1. A computerized model of the state highway system
which might be used as a base for othér tasks
within the department such as the trunkline data

file. The Department of Natural Resources isg-



presently using the preliminary highway model as

a basic input in the development of modeling efforts
within their organization.

A set of actual highway travel times between

each statewide zone and ali others 1s another
basic output. This will be used within the
Transportation Planning Division Iin an attempt

to better understand the cause and effect of
travel within the State of Michigan. The actual
distance between each zone and all others on the
highway system may be determined using the
techniques in £he Federal Highway Administration's

Traffic Assignment Manual mentioned previously.

The trip generation and distribution models will
supply the user with the preliminary trip inter-
change between all Michigan zones for any year

required~--~both presént and future. This is ouly

'preliminary travel data used primarily to test

the feasibility ofrdeveloping a statewilde traffic
forecasting model, This data is useful in initial
model development phase but should néﬂ be used as

a basis for final highway planningrand design.

If an agency desired to know the actual shortest
highway path or reoute from any particular éone

or city to all other zones in the modél, this coﬁld
be obtained either.as a computer listing or a gvaphie

plot. These paths are often referred to as "trees".

- 19 =




'BENEFITS TO THE DEPARTMENT

The primary benefit to the department as the result of
Phase I was the development and application of computerized

techniques for forecasting traffic at the statewide level.

The application of these urban area techniques at the state-

wide level will now allow the department to obtain future

travel data very vapidly compared to manual techniques used.

in the past. However, the preliminary statewlde traffic

forecasting model will have to be calibrated during Fhase I1

before the forecast results may Be reliable enough Lo be used
?4 7 to plan and design Michig;n'highways. After calibration the

department would have the ability to evaluate any proposed

Eutu:e trunkline plan, for'any pre—-selected time period.

The cowmputerized modeling techniqueé would ailoé thiz onalysis

to be completed In one or two man-weeks. This has required as

much as one-half to three~quarters of a man-year when done

manually.

Because the department's staff was involved i1n the basic

work program, future model calibration and development may be

accomplished within the departiment during Phase II., This will

result in an experienced staff to operate the model at the date
of completion of calibration.

Phase I set out to détermine the feasibility of developing
an operational statewide tvaffic forecasting wodel. As a
result of Phase I, thg department has a preliminary.highway

‘network model and a preliminary trip genmeration and distributien



r
model plus a set of work procedures. These preliminary
models will now have to be calibrated or refined before

becoming useful when planning or designing Michigan's

future highway system.

In the interim between Phase I and Phase II the fol-

lowing tasks were completed.

¢

1. Completion of preliminary model analysis.

2. Preliminary definition of 2300 zone system;

3. Creation of a 1990 trip table and traffic
assignment,

4. Conversion of computer programs to operate
on Department's computer.

A flow chart and time schedule of the interim work program
follow this section. Using the traffic assignment technique
suggested by the Federal Highway Administration, the 1990
trip table was assigned to the existing 1965 state highway
network. This 1990 traffic assignment or forecast for the
state trunkline system was completed by applving the results
of preliminary trip generation-distribution models. There-
fore, it seemed necessary to apply a simplified method of .

determining how reliable the final travel forecasts were under

these conditions.
To accomplish this'reliability check, trend lines were

developed at all permanent traffic recorder stations which

had sufficient trend data available. The results of this

simplified reliablility check appear in Appendix B. The

preliminary check indicates the statewide traffic forecasting



model is supplying relatively reliable future travel volumes
for the total state trunkline system. Some local problems
exlst in the more populace regions but future model refine-

ment will improve this situation.
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PHASE !

'OBUECTIVES'

Calibration of the preliminary highway and travel
forecasting models is-the basic objective of Phase I1I.
This calibration process is g refinement procéss which
igs required if the preliminary models are Eo become
reliable daily traffic forecasting tools .within the
depargment.' The final product of Phase II will be used
within the department.to supply future traffic volumes
for any segment of a state trunkline for any predetermined
year.

A secondary objective of Phase II is the proposed
update of the ordiginal travel surﬁey data basgse which is
to be used to develop the preliminary travel forecasting
models. This will involve the detailed analfsis of travel
survey data from 25 additional origin-destination studies
completed since Phase I. DBecause of the origin-destination
travel survey data base update, calibration of the prelimin-
ary travel forecastiﬁg models is a two-part process. This
two-part process will be defined in detail in the work
programn for Phase II.

A tertiafy objective of Phase II is the con%érsion and

development of a vacatlon travel forecasting model which




will operate on the department's B-5500 computer. :The
original preliminary travel foreéasting models were con-
verted in the interim between Phase I and Phase II but
time was not available to cqnvert‘the vacation model.
The final objective of Phase II will be the com-
pletion of a 1990 traffic forecast for the proposed 1990
State Trunkline System. A 19§0 traffic forecast could
be completed both before and after updating the travel
data survey base as well as after conversion of the
vacation model. Time and staff conditions will deter-
mine the feasibility of completing 1990 forecasts during
the Phase II work program. The most desirable 1990
forecast would be one completed after the travel data
base update. This type of 1990 forecast would take
advantage of the additional travel data and, therefore,

would supply more reliable model results.

WORK PROGRAM

The Phase II work program has been separated into
three basic sections as follows:
SECTION A <Calibration of the preliminary
highway network model.
SECTION B Calibration of the preliminary

travel forecasting models.




SECTION C Converslion and development of an
operational vacation travel fore-
casting model on the department's
B-5500 computer.

As mentioned, the secondary objective of updating
the origin—destinatidn travel survey data base requires
that section B of the work program be subdivided into
two parts. The actual calibration process technique
will dépend on the availability of staff at the time
calibration is being completed. A tecﬁnique similar to
K-factoring used in gravity model development would
require fewer personnel than updating the travel data
base. ihis K-factor technique is a process whereby

parameters other than travel time are comnsidered during
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be less reliable with this K-factor technique. IE a
is available during Phase IT then model calibfation will
be completed by updating the travel data base, otherwise,
this travel data base update must necessa&ily take place
during a later Phase in the model development process.
The details of the actual work program follow and take

into consideration both possibilities.

WORK PROGRAM PHASE ITI - SECTION A
(1) Detailed analysis of Phase I traffic assignment and
network‘

(2) Correction of network errors and omissions.




(3) Testing of updated network.

(4) Calibration of updated network "tyrees'.

WORK PROGRAM PHASE II - SECTION B, PART 1

(Assuming no O & D travel survey data update)

(1) Detailed analysis of the results of the preliminary
travel forecasting models.

(2) Review of the results of the analysis of the traffic

assignments from Phase I,

(3) Development of the trip generation-distribution model

K~factors similar to gravity model K-factors.

(4) Testing of the calibrated trip generation-distribution

models' zonal outputs.

(5) Testing of the calibrated network and trip generation-—
distribution modél by completing a presént traffic
assignment.

(6) Completion of a 1990 traffic forecast-- Optiocnal.

WORK PROGRAM IT - SECTION B, PART 2

(Assuming 0 & D travel survey data update)
(1) GCollection and reformatting of survey data for the 25
£ additional origin-destination studies completed since

Phase I.

(2) Development of a Michigan statewide ftravel data bank

based on the analysis of the survey data froem approximately
40 cities.

(3) Development of a Michigan statewide socio=-economic data

bank as a result of data requirements in the model update

process.



WORK PROGRAM TI - SECTION B, PART 2 (coﬁtd)

(4) Analysis of the travel data trip characteristiés in
preparation for development of updated trafel fore-
casting models.

(5) Calibration of final trip generation-distribution models
to existing travel survey data base.

(6) Modificatian of preliminary travel forecasting model

ig computer programs to accept new medels.

(7Y Completion of a present traffic assignment using up&ated

models plus calibrated highway network,
(8) Calibration of state highway network using updated travel
forecastiné models.

(9) Completion of a 1990 traffic forecast—- Optional.

WORX PROGRAM PHASE II - SECTION C

(1) Analysis and review 6f preliminéry vacation travel fore-
casting model.

(2} Conversion of original computer program to operate on
the B-5500.

(3} 7Full scale test of preliminary vacation travel forecasting

model using actual population data.

(4) Completioﬁ of present traffic assignment using

f? _ B the vacation modelrénd the calibrated trafel j
forecasting models.

(5} Completion of a 1990 traffic forecast using 311

travel models.




Primary dinput to the Phase II work program was the
preliminary highway network model and the preliminary
travel forecasting models developed din Phase I. The
1965 traffic assignment completed during Phase I also
ﬁill be used as a basic input.

Insignificant time was spent on network development
because most of the network model techniqueé applied during
Phase I were procedures which had already been tested by
the Federal Highway Administration. No time was allocated
for network model corrections durxing Phase I, Network
calib?atioﬁ is therefore a necessary part of the Phase II
wprk program. -

Section A of the Phase II work program will allow
time for updating and calibration of the preliminary
highway network mo&el. This initial network calibration
will allow for a rapid and accurate calibration of the
travel forecasting model suggested in Séction B aof the
Phase II work prégram. 3

’ Two separate approaches are being taken when calibrating
the preliminary travel forecasting models during Phase II.
Part 1 assumes no origin-destination survey data update will
be completed. Model calibration will consist of detailed
accuracy checks on an individual zonal basis, as well as
after the tyaffic assignment stage, gimilar to the Phase I
accuracy checks. As a result of the network calibration

and travel forecasting model analysis, K-factors similar




"in concept to those uged in the urban traffic feorecasting
gravity model calibration process will be developed., . This
K-factor model calibration technique often is necessarily
repetitive before the travel models are finally calibrated.
Calibration of both network and travel models will require-

several present traffic assgsignments. The traffic assignment

techniques are similar to those suggested by the Federal

Highway Administration in their June 1964 Traffic Assignment
Manual.

Part 2 of Section B of the Phase II work program
asgumes a'major update of the origin-destination travel
survey data bank. This model data base update will
unduestionably increase the reliability of the travel fore-—
casting models' capacity to determine future travel. This
travel data base would then include survey data from 25
additional origin~destination studies completed since 1965,
plus the travel data from the original 10 origin-destination
studies used in Phase I. The list of additional origin-
destination study data i1s presently quite extensive and

includes survey data from the following cities:

Lansing , Hoiland
Sault Ste. Marie Port Haron
Kalamazco Petogky
Adrian Big Rapids
Jackson ‘ Mt. Pleagant
Iron Mt. _ Sturgis



Muskegon . Midland

Grand Rapids Marquette
Saginaw Flint
(Detroit Update) TALUS Traverse City

This additional travel survey data will be utilized when
completing the calibration of the preliﬁinary travel fore-
casting model.

The use of this additiconal data will involve the completion
of four basic work tasks.

1. Data assembling and feformatting.

2. Travel characteristics analysis as input to
travel model.

3. Calibration or fitting of trip generation models
to existing survey data.

4, Calibration or fitting of trip distribution
models to exiting survey data.

These tasks isvolve the analysis of an estimated
1,108,000 trip records-- aﬁ increase of 750,000 trip records
since Phase I. Completion of this update of the travel .
forecasting model through the use of additional origin-
destinatipn'déta will eliminate the tendency of total
dependence on K-factors in model callbration process except
for selected circumstances.

Presently, the staff is attempting to accomplish the
basic objective of Phase II by relying primarily on K-

factor calibration techniques. As time and staff allow,
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progress-is also being made in updating the travel data
base. The travel data update approach is the best lasting
approach to travel model calibration, but it is mnaturally
time consuming because of the sheér size of the data base.

A preliminary vacation model was défined during Phase I
for use on an IBM-7090 computer. During Phase II this
vacation model has been converted to operate on the depart-
ment's B-55300, Teéting of the operation of this model will
be completed during Phase IT along with minor K—factoring
gimilar to the techniques used to calibrate the general
travel forecasting ﬁodel.‘ This portion of Phase II shéuld
be completed by September, 1970, |

If time allows, a 1990 traffic assignment will be
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cocmple a on <3 work program. Is
insufficlent time is avallable, this task will be accomplished
only once after calibration of the travel forecasting mcdel

and the conversion of the vacation model.

Based on present staff conditions in the Stétewide
Studies Unit and related model demands, the woxrk program
for Phase II is beiﬁg accomplished as follows:

1;1 friority one has been set on network calibration
and analysis, as this is necessary to both
portions of the proposed Phase 11 work program.

2, Priority two has been set on the portion of the

work program whete the use of additional origin-

destination data would be used in the travel




forecasting model calibration. This would
allow for the development of more reliable
and lasting results,
3. Priority thfee has bheen sét on that portion
of the work program which would depend on
K~factors to calibrate the travel forecasting
models. This is rapidly becoming priority two
because staff limitations will not permit the
anélysis on the additional-survey data to be
completed within a reasonable period of time.
The K-factor technique will expedite modell
calibration and permit the department to use
model tresults at an eariler date.
Based on existing staff conditions, calibravion
of the highway network medel was completed in October,
1970. Calibration of the travel forecasting model using K-
factor techniques could possibly be completed by the epd ot
the first quartef of 1971. Because the ﬁwo—part-work program

is being completed simultaneously, updating of the travel

forecasting model may be completed late in 1871,

OUTPUT FOR DEPARTMENT USE

The significant change in ocutputs for departmental use
centers on the reliability of the actual traffic forecasting

results. A list of the outputs follows:




1. A calibrated computerized model of the state

trunkline system, which uses a nodal concept,

could be the bhasis for accident location records,

: thereby serving a dual purpose. (See Appendix C)
2. A listing of the actual highway travel time or
distance between each statewide zone and all

others would be available. It is also possible to

build a matrix which will supply travel costs from

any zone to each of the other zones.
3. Vehicle travel between every zone for any desired

year, both present and future, willl be available

from the calibrated trip generation-distribution
models,
4, Preliminary vacation travel between all zones will

be available for any desired year as a result of

the completion of the vacation model,’

5. As with Phase I, the actual highwéy path from any

zone to all others is available as a result of the

“tree" building program.

6. As a result of the Phase II work program, aun additional

— development which might be used benefically by ithe

department is the fact that the complete state trunk-

line system has been given grid coordinates. This

will allow the .user to automatically plot travel
data such as traffic volumes, speads, and distances

in a graphic manner. These plotting techniques, based



on present schedules, should be available by the i‘
first quarter of 1971. Modification of this
original plotting package might easily allow J
additional user information to be graphically ‘
plotted ., This could include travel data, log - w
information and acecident statistics.

f ' 7. A preliminary socio-economie data bank for the J
State of Michigan, with update potential, will he q

available as a result of the trip generation-

digtribution update process. 4

3. Presentrand future traffic volumes could be obtained

for any ségmeﬁt_of-étate trunkline for any selected
year or any proﬁosed system or altermate system.
9. Vehicle mile forecasts by trunkline type with

sumwaries.by county could be obtaiﬁed.

;0. Both present and future trip length statistics
for any segment of road included In the highway
network model.

11. Travel analysis listing by trip purpose for any
portion of the state trunkline system_is an ophtion

if specified by the usex.

BENEFITS TO THE DEPARTMENT

Completion of research and development work initiated

in Phase II would allow the Michigan Department of State



Highways' administrators and commission members to arrive
at informed decisions on such projects as the "US-2 TFreeway"
in the Upper Pemninsula, the "I-75 Saginaw Bridge" and other
critical tasks such as the "post-1977" Arterial Highway System
for Michigan, The model would allow the department to
determine the best possible future arterial trunkline system
by rapidly testing several alternate systems. The stateﬁide
traffic forecasting model would allow the department to
plan for future needs as the projected date when various routes
will require improvement may élso be predetermined. Projected'
estiﬁated costs or hudgets on a yearly basis could also be
made available although tﬁis task has been left until Phase IV,
Each of these projeéts is an extremely gomplex task and
because of this the present decision-wmaking process is hindered
under certain circumstances. The model will improve the above
situation by allowing the administrator and legislator alike
to test many alternaté plans and proposals in very rapid sequence,
finally selecting the most reliable proposal. Once a plan or
program has been selected this same modél; because of the
campleteness of initial development work, will also be able to
supply details required to select the most appropriate corridor
and complete finai design.
Presently all traffic forecasts in rural areas as well as
some of the urban areas are completed using manual techniques.
These techniques are reliable but often very time consuming.

In recent years, many projects such as the Federal Needs Study



and Classification Study require traffic foreéasts, both present
and future, for the total state trunkline system. Withian the
department, on many occasions detailed alternate co;ridor
analysis related to travel volumes should be completéd in

order to supply the departwment with sufficlent data to select
the best alternate. The US-23 extension nortﬁ éf Standish

‘ds just such a situation. Manually these tasks now require

many man-months to complete. Often the completicn dates

for many of'these projects necessariiy have to be extended.
Under certain circumstances data reliability is sacrificed
becauée of the complexity and existing manual nature of these
tasks.  With the caliﬁration of a statewide traffic forecasting
mogel, many of these tasks previously done manually can be
defined in terms of man-weeks becauée the travel forecasting model
will make use of automatea COmputéfized traffie forecasting
techniques. The level df accuracy of the final results is
greatly improved because of powerful features of the computer
which will allow the department's stafl Lo complete a mére
detailed analysis for each project. As another specilfic
cexample, upwards of one man-year's time was spent on the

travel foyecasting portion of the Federal Highway Administration
104 B-5 Study. This same project could have been completed

with the model in a period of two to four man-weeks. Also in
éddition tog fulfilling the Federal Highway Administration
.requirement for completing this study in relation to the
Interstate System, the deparﬁment would also have available

a forecast of all state routes.




Presently, a vehicle mile forecast on state trunklines
is the result of a manual task separate from, although intexr-
related to, the traffic forecasting process which necessarily

involves man-weeks to complete. With a calibrated statewide

traffic forecasting model, vehicle miles by various defined
systems would be an automatic output requiring only two ot
three man—-days to complete. Vehicle mile forecasts using

Phase II modeling would initially include only state trunkline

miles.

To date, any travel characteristics analysis used

~

C | in highway planning is a manual task involving the analysis

of rural crigin-destination data. Under certain conditlions,
man-months can be spent In the thorough analysis of a specific
trunkline's travel characteristiecs-- such as trip length
frequency distributions and trip purpose summaries. With a
calibrated statewide model this same analysis could be

completed in two or three man-days. Fature plotting capabilitles

of the statewide model would allow highway staff to automatically
plot the necessary statistics and charts required to make final

planning decisions under multiple highway environmental conditions.

Plbtting capability of the model mizht also allow for vapid

presentation and analysis of final data. The model could also

provide future travel characteristics for the same route LFf

the department so desired, which is presently not possible

manually.



With existing manual methods it is not possible for

Route Location to analyze the total effect on the state

trunkline system from alternmate route locations. The state-
ij wide model would have the capability of determining the proposed E

route's effect in the immediate area as well as the entire

state, If deemed necessary, cost beneflt analysis studies

could be a basde output from the statewide modeling process,

thereby supplying actual dollar and cents measurements of

road improvements. Additional computer programﬁing would be

necessary to obtain this last capability.

'The previous discussion is only a very brief resumé of the
vast potential of a eomputerized statewide traffic forecasting
model. The actual potential of a cbmputerized statewide traffic
forecasting model cannot be underestimated by those persons

" delegated with the responsibility to develop and maintain
Michigan's state trunkline system. The Federal Government has
recognized this potential but this same priority must be considered
within the department’s structure if the past four vear's of
model development is to result in an effectiﬁe statewide highwyay

planning tool.

A flow chart of the Phase II work program is provided in ' I

figure 6 followed by a detailed time schedule. This time &

schedule is based on additional personnel as suggested in the

staff requirement section of this report.
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PHASE

- OBUECTIVES |

As a result of Phase I and Ei, the department will have
the capability to forecast both présent and future average
daily traffic volumes for any or ail segments of the state
trunkline system. These traffic volumes are commonly referfed
to asg AADT or annual average daily traffic. The primary
objective of Phase II1 is the development of peak hour or

design hour volume model (DHV). This model, in combination
with the highway model and the AADT travel forecasting models
from Phase 1 and 1II, would supply the department with all the
necessary present-future travel data required to plan, design,
and construct Michigan's future state trunkline system.
Development of a peak hour model {DHV model) may necessitate
the collection of additional travel survey data on weekend
travel, as a significant percentage of peak hour traffic occurs
between Friday noon and Monday noon.

A secondary objective of Pgase III would be the refine- .
ment of the preliminary vacation model converted in-Phase I1.
Analysis completed during Phase 1 suggests that the primary
element in studying vacation travel resides in the wvacation
déstinations rather than origin-destination déta normally
applied in travel forecasting model development processes. This
same conclusion was‘arrived at in a separarte survey completed

by the Michigan Department of Natural Resources. Therefore the




refinement of the wvacation model during Phase III may also re-
quire additional data collection. This data collection process
can possibly be combined with the data collection process requiredé-
tordevelOP the DHV model, thus resulting in a significant
savings in data collection costs. Both the peak hour and vacation ;
model will deal with the topic of weekend travel influences on
statewide travel patterns,

A final objective of Phase IIT will be the improvement of
the travel forecasting model's sensitivity by increasing the num-
bher of zones from 510 to 2300. Preliminary research between
Phase I and Phase II indicated that a finer level of detail would
"be nécessary if the model was to be ugeful throughout the highway
department. The 2300 =zone syétem ﬁill allow the model to more
accurately forecast actual turns on and off of state trunklines
as well as the more dotailed wolume fluctuacvions along these
routes, This will dnvolve refinement of the highway network
along with modification of the calibrated travel forecasting
models. As a result of‘this network refinement process, the
model would have the capability of accﬁraéelylforecasting future
trunkline traffic volumes within most of the major urban areas.
The actual highway network model at this point should ianclude

upwards of-35 percent of the total state road system.

The work program for Phase IIT 1s proposed as a three-
part process. Depending on staff conditions, all three parts

could be completed simultaneously, as they are relatively




independent research and development projects.
The proposed work program details follows:
SECTION A

1. Definition of design hour volume (DHV) model objectives

and methods of development.
2. Determination of data requirements based on model's

defined objectives.

3. Definition of data collection and analysis methods.

4. Design hour model research and development.

5. Full scale test of design hour model on a present

and future highway network.

6. Aﬁalysis aﬁd_calibration of design hour model.
SECTION B |
1. Analysis of preliminary vacation model assignment
frem Phoeo IX,

2., Determination of data weaknesses and definition of

data collection methods.

3. Collection of additional data for use in vacation
model calibration. 7

4, Update trip and socio-economic data banks from

Phase IT.

5. Calibration of vacation travel forecasting model

individually and in conjunction with the general

travel forecasting models.

SECTION C

1. Addition to data bank of travel survey data

collected since start of Phase II.




T

. VDevelopment and definition of detailed zone and
network model.

3. Refinement of travel survey data bank.

4, Development of refined trip generatlon-distribution

model.

5. Calibration of detailed network and travel forecasting

model,

In the final desdign of the state trunkline system, it 1is
the DHV value which becomes pertinent to the actual number of
lanes and the geometric design of each intersecticen. This type
of désign hour volume data can be obtainsd using available
information from the Phasé IT traffic assignment outputs‘but
this process would necessarily be a manual task involving many
subjective decisions. Completion of Section A of Phase I1IIX
work program will automate this DHV process through the usea
of computer techniques similar té those developed to supply
the department with projected annual average daily traffic.

Refinement of the vacatlon model converted in Phase II
was left tg Phase III because additional data collection, as
sﬁggested in the original consultants' report, might poséibly

be required. The time and staff were not available during

Phase II to define these data collection techniques. During

Phase IIT the rveliability of the wvacation model is significantly
more critical to the success of a statewide modeling effort
because the design hour volume model will be more closely

related to recreational travel patterns and weekend travel.




Therefore, refinement of the vacation travel model will
significantly impfove the accuracy of the final DHV model or
models.,

Improvement of the travel forecasting model's sensitivity

will allow the department to include a significant proportion

of the Federal Aid Highway System in the modeling process.

This will allow the model to supply detailed turning move-

ment data for most state trunkline and major county road

intersections. This network model refinement process will

also result in more accurate simulatiocn of AADT volume

dncreases and decreases along each segment of state highway.

Most of the work described above i3 tentatively scheduled
to start sometime in late 1971 or early 1972, based on existing
staff within the Statewide Studies Unit. The chart at the
conelusion of this portion of the report supplies a detailed -

time schedule for this phase of the work progran.

COUTPUT FOR DEPARTMENT USE

Assuming positive results from the proposed modeling

efforts related to development of a DHV model and refinement

H
the vacation model, the department should be able to use

~

(oD

the results of this statewilde travel forecasting model as

direct input dinto the process of planning and designing
Michigan's state trunkline system. Specific outputs for
department use are outlined below:

1. WVacation travel between all zones or areas within




the state and each of the contiguous states.

2. Travel within Michigan on all state trunklines by
trip purpose for any pre-selected year plus travel
pattern analysis.

3. Design hour volumes (DHV) for all segments of state
trunkline for any design year specified.

4., Due to refinement of network model, the travel
forecasting process may be expanded to include

_AADT forecasts for certain segments of the
Federal Aid System.

'5. Detailed turning movement data, both present and
future, at mést major_intersections involving
state trunklines and county roads.

6. Improved traffic forecasts on state trunklines

- within urban areas which may serve as a basice
input to the urban forecasting process.
As the model reaches this stage in development, many of the
outputs from the statewide travel model forecasting process
could be used as direct input to the‘highway planning or

design process.

BENEFITS TO THE DEPARTMENT

Presently, the department has no comprehensive means of
surveying the effects of vacation travel on the state trunk-
line system. Only in small segments has any attempt been

made to analyze the effect of vacation travel. As the demand




for recreation facilities increases in the near futuvre, the
department will have the need for some comprehensive vacation
travel forecasting tool if the planning and design of the
state trunkline system is to effectively consider vacation
travel.

The design hour model will allow the department to
eliminate the manual process of feorecasting DHV values. .As

with Phase II, clearly the most significant benefit to this

department is the elimination of another‘subjective technique
which presently is done manually. This manual DHV process
is reliable but often is too time consuming, thus, final DHV
forecast reliability is sometimes sacrificed in ofder to meet
project deadlines., As the department continueslto receive
requests for such projects as the Federal needs studies, the
department will have to rely on some sophisticated computexrized
technlque to meet the deadlines set for such studies. The use
of the proposed modeling techniques developed in all phases of
this work program will provide the department as well as the
Federal Highway Adwministration with vreliable future travel data.
As an exauple, let us suppose the department was requested-

or had need to determine the 1990 DHV values for the total state

trunkline system. Presently, this is a manuval process which . 5

would require upwards of six to eight man-months to develop.
With the developmenﬁ of a calibrated DHV wmodel, this érojecf
could be completed in a matter of one or two man-weeks. The
saviags is vaiously quite slgwnificant., Because the system of

models dis automated, it will allow for the analysis of several



alternate highway systems at one time if desilred,

The model at the completion of this Phase would be developed
to the extent that it could rveliably evaluate the appropriateness
of the functional and administrative classification of many of
the roads in the'state. This would allow'£he department to
rapidly update and frequently reclassify selected road systenms
within thé state.

The basic outputs from Phase IrIII.WOuld supply the
necessdry AADT and DHV data required to plan, design and con-
struct additions to Michigan's state trunkline system. Thase IV
'coula result in the development of optional features which
would allow the deparﬁment_to_fﬁlly ﬁtilize the potential

of initlal travel forecasting models.
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OBJECTIVES

With the completion of Phaséﬂl, IT and IIT, the Michigan
Department of State Highways Will have a statewide travel
forecasting model which would suppiy reliable AADT and DHV
data for any selected year for any or all segments of the state
trunkline system. The models will alse allow the.department
staff to aqcurétely compare alternate systems. The outputs
from the statewide travel forecasting'model'could be designed
as direct input when planning and designing any segment of
the state trunkline.system.

The basic modeling effort, as directly related to the
traffic forecasting process, has now been completed., The
actual potential of the model has been only partially developed
at this point. Several of the potential uses of this model
have been selected for specific development during Phase IV
so the true potential of this forecasting model may be recognized.

As a result of highway neﬁwork development, approximatgly
30 to 35 percent of Michigan's total road network would be

included in the model. Many of the state federal needs studies

deal with Federal Aid Secondary routes as well as Federal Aid
~ Primary routes. The model could supply much needed data in this
area. Therefore, the initial objective of Phase IV will be an

attempt to incorporate a significant proportion of Michigan



total reoad mileage with the possible exception of city local
streeté.

In past years, the department has not been able to .deal
with cost-efficlency analysis in an effective manner when dealing
with alternate corridor route 1ocatién and plauning studies.
Because of the basic nature of the model development process,
cost-efficiency techniques may rapidly be adapted to function
as part of the model's basic outputf This will allow the
department's engineering staff to quickly determine the
functional cost of one alternate route versus anocther. This
éost—efficiency technique may also be used to determine which
one of many suggested total state trunkline plans will best
supply Michigan's future highway needs,

The final objactive of Phase IV would bhe the development

of the techniques whereby the department would have the

capability to determine highway needs well in advance of

trunkline deficiencies. Use of the statewide traffic fore-
casting model's capabilities would allow the,departmentAto
test présent and proposed state trunkline plans and-alternates
in fi%e"year increments. This would allow the department to

begin to gutomate a significant proportion of the programming

=4

of highway needs. With a little extra effort, actual programming

of

highway funds in this area could become auvtomated. The
following work program has been suggested in order to accomplish

the above objectives. Because many of the objectives discussed

earlier in the section have been discussed very briefly, the




;E Phase IV work program is not as detailed as the three previous
work programs. Much of what is learned by completion of Phase
IT & II1 may lead to slight modification of the Phase IV work

program. .

WORK P?%OGRA%? ”

Q@ ' The Phase IV work program is a three-part process,

There is some possibility of completing selected portions

of this ﬁ}ogram simultaneously. The proposed work program

details are as follows:

A. Total highway network --
1. BReview of existing data availability as a
possible input in the development of a computer-

ized road network for ail Michizaa voads.

2. Determine potential uses of a total road network
if the network is simulated by computer techniques

similar to the network finalized in Phase TI.

3. Definition of total road network based on rezults
of first two steps in work program.

4, Review possibility of incorporating some method of

travel férecast modeling within the forecast

:% o% the complete county rovad network. Actual model

development and calibration could be completed as

a Phase V project if preliminavry testing proved

promising.
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B.

Development of cost—-efficiency techniques related to

highway planning and design -

1.

4

.

Selection of the type of cost-efficiency analysis
technique as a result of the specific needs within
the department. |

Review of existing data availability din relation

to cogst-efficiency analysis techniques selected in
step one.

Definition of data collection methods and collection
of daté.

Development and definition of computer programs
necesséry toﬂapplyiéost-gfficiency analysis programs
to solve departméht néeds.

Full scale test of programs on a sample highway
neiwork route loacatinn prohlem,

Definition and de#elopmént of daily work procedures
so that the cost-efficiency programs developed may be

used as a daily tool in the decision-making process.

Development of automatic highwayinEeds and programming

techniques using statewide model as a base -—--

1.

Review of existing techniques used in programming
nighway funds related to future highway needs.
Determination of specific programming processes

which might benefit through the use of statewide

traffic forecasting modeling techniques.

Definitlion and development of specific computer

programs which will use data from the statewide




traffic forecasting model to supply the necessary

answers required by department users.

OUTPUT FOR DEPARTMENT USE -

Because of the general nature of the proposed work program,
only selected comments can be made in regard to the actual fornm
or type of output available at the completion of Phase IV. An
attempt has been made to list possible outputs. These listings
were theAFesult of statewide modeling efforts completed in other
states and therefore should be very similar to outputs from the
Michigan model.

1. AADT and DHV data should be available for selected

portions of the Federal Aid System in addition to
all state trunklines.

2. Highway user cost aéd benefits should be available
by wvarious road type or classificatican or even
selected links of the total system. The data would
also be available for selected élternate systems by
predetermined categories.

3. The needs and programming technigues developed are

quite significant.and only a few of the various

;utputs are mentioned 1in this report.

a. Potential deficiences of existing and committed
highway system. This data may be displayed
graphically or detailed volumes and traffie
statistics could be ohtained on a link by link

basis.




b. Determination of future highway needs. This
data can also be graphically presented,

c, Tésfing of alternate plans and the comparison of
vehicles miles and cost-efficiency statistics.
This data may again be graphically presented, or
a detailed lis;ing‘would also be available for

final analysis.

~ BENEFITS TO THE DEPARTMENT

Cost—-effactliveness analysis is a method of evaluating
alternate plans for accomplishing a specific objective. First,
the cost and expected benefit of each preposal are estimated.

The proposals are then compared on the basis of thedir cost-
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the Federal Governmenit and could prove tc be effective 1if applied
by the department when planning and designing highways, particu-
larly when alternate plans need to be evaluated either from the
viewpoint of the legislator or the commission.
) The complexity of highway plaunning design should lead to
the development of analysis techniques designed to systematically
examine {ﬁ; consequences of decisions so that making a decision
is simpler and more scientific.

Cost-effectiveness analysis 1s an ilmportant method for

clarifying the consequences of decisicns. It has been widely

used in the Department of Defense and in our space program for

- 67 - .




a number of years, There is no basic reason why this technique
cannot be used to great advantage by the Michigan Department of
State Highways. 1In addition, it has been theorized that future
subsidies from Federal Aid programs.will require an application

of more sophisticated cost-~effectiveness analysis techniques.

Often the department has only a limited amount of money
available to satisfy an almost unlimifed number of competing
projects. Thus, the problem becomes one of allocating available
funds among the various programs and activities that must be, or
should b;.carried oﬁt. For a single_goal -~ completing the
INTERSTATE system, for example - a basic strategy might be:

(1) allotting a fixed amount of money and then (2) choosing

those projects that will bring the maximum benefit for that

amount of money. The Phase IV modeling efforts will supply
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Cost-effectiveness analysis would increase the reliability
of the final decision. Costs are normally stated in deollars --

although 1n some instances 1t may be wise to state the cost of

any activity in terms of resources such as men or time, or even
accident costs. Benefits could also be measured in various ways,

but it is usually desirable to convert benefits to dollars.

-

This has tHe advantage Qf“simplifying both the analysis and the
presentation of resulits to the decision-maker. Assigning dollar
values to benefits in some cases may seem arbitrary, but 1f all
the proposals are treated in the same manner, the comparisons

will be valid and the analysis will serve its purpbse.



The basic supposition is that future departmental
decisions will involve many complex factors and a new
technique®is needed to provide for a rigorous evaluation
of the various factors as they interrelate iﬁ the alter-
natives., The continued development of the statewide |
traffic forecasting model will allow the department to
reach informed decisions.

Only two processes have been selected for detailed study
in Phase IV, but it should again be noted that many of the
.techniq;es developgd during the statewide modeling process
could serve dual purposes. As an example, the node numbering
system used in the network mo&el has been used by several states
as a method of filing highway link data such as accidept reports,
Appeudix C is a copy of & report prepared by the staff of the
Maine State Highway Commission which discusses their use of this
technique,.

Finally, the department systems section is presently
uﬁdertaking a gurvey of the highway link_data system, The
final product of the analysis task fs to be a ccordinated
data system for use within the department. As a result of
the workpcémpleted in Phése I and portions of Phase IT, specific
techniques developed for the statewide traffic forecasting
model could alse serve a dual purpose -- as a base for the highway
data system currently being developed by the systems unit. A
year and a half of research was‘recently'comﬁletad on this same

topic by the Federal Highway Administration in most of the states




in the union. The results of their research may be reviewed in
Appendix D. It should be noted that their analysis results in
four major conclusions.

One: Grid coordinates for any system selected should be

avallable in order to rapidly present data,

This technique will présently be available with the existing
state highway network model. The Statewide Studies Unif has
also defined and developed a refined data plotting package
which very probably could be used by other divisions within
the department. |

Two: They also recognized the fact that some type of

reference system was required to Interrelate the
various divisions of data. The results of their
analysis indicated that the most favorable systen
was the reference post system,
The reference post system is another term used to define the
nodal idenwification system used in the statewide highway
network model. This reference post or nodal system 1Is presently
available for both a coarse and fine state highway network.
This would fulfill the requirements of the second point,
Three; As part of a gpordinated highway data gystem, some
means of data location-identification technique is

a necessary prerequisite. The results of the

Federal Highway Aduministration research states that
most favorable locatlion~identification system could
be either of the reference post systems mentioned in

Appendix D.



As previously mentioned, the statewide.model presently uses
this technique. It is therefore possible that the statewide
model nodal or reference post coﬁcept could serve dual purpose
efficiently.

Four: The TFederal Highway Administration's final counclu-
sion states that in erder to develop a coordinated
highwéy data system, many computer programs would
have to be written,

During the last four years the statewide model has used com-
puter programs or defined computer programs which operate on
the ﬁodal or reference post concept. In the last vear the
department, with the éssistance_of Alan M. Vorhees & Associdtés,
developed a total transportation planning package of cbmputer
programs which also operate in this nodal concept. Mauy of
fhese programs were designed to obtain various tybes of data
and summary information, Tt is quite possible that only slight
modifications to selected SUMMAYY ProOgrams within this package
would allow éhe department to rapidly and efflciently dewvelop

a coordinated data systen.

As a final comment, the results of the trip generation-
distributjion update in Phase II will supply the preliminary
area data base suggested in this veport. A flow chart aund time
schedule for Phase IV appear at the conclusion of this portion

of the report,
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- TIME SCHEDULE - . STAFF REQUIREMENTS

Development of a computerized statewide traffic
forecast model doés requiré definition of new techniques
and innovation on the part of the staff assigned a project
of this scope. Only a few states presently have operational
statewide traffic forecasting models, therefore, the supply
0f personnel possessiﬁg experience in this area is extremely
liﬁited. As there are so few sources to refef to for develop-
ment assilistance, the staff assigned this project necessarily
has to be composed of well-trained professional individuals.
The diagramlon the follpwing page b?iefly presents a summarf
of the primary skills required to complete development of
this modeling effort. This summary 1s based on a review of the
experlences of other states which have completed similar pro-
jects-and suggestions from the Federal Highway Administration.
The Federal Highway Administration's letter following figure 2
presents their suggestions regarding staffing of this model
project.

A thesis reviewing the "state of the art" in the statewide
traffic forecasting model area was published in June, 1970 by
Phil Hazen, Federal Highway Administration Engineer, to ' - L
fulf4ll his Master of Civil Engineering Degree at Northwestern
University. Included in his analysis was a chart defining
the various classes of statewide models. A copy of this chart
has been presented following the general staff reauirement

diagram.
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%*Based on review of statewide modeling projects in

the following statess
Pennsylvania, Iowa, Connecticut, Wisconsin,

Rhode Island and Illinois.
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Statewilide Traffic Model
$1O , 000 or less
5 - 18 months
Statewide Transportation
Study (H? ghwav)
$100,000 -~ 8500,000
{(Usually cver $200,800)

Comprehensive Statawide
Transportation Study

3500,000 - §1,500,000
24 ~ 48 months

i0 - 25 perscnnel
Integrated Statewide
Transportation Study
Gwver 51,300,000

36 - 60 months
al5 - 50 perscnnel

Classes

To do system simulation using the
computer in order td bettar under—
stand how the system opecrates. Re-
sults will be used feor functional
classification and general planning
pjarpaoses,

Te develop an intermediste priced
traffic medel based con ¢-D sample
design - To obtain good information
on trip generation and trip length;
To evaluate alternative highway
natworks - To develop a State
highway plan.

To develop on a statewide or re-
gicnal basis the comprehansive
transpeortation planning process -
"o simulate person movaznents by
mode of tramsportation -~ To eval-
uate alternate modes and networks -
To devalop a Skate fran scoruatlon
plan.
To apply the latest technigues in
systems analysis and operations re-
search to statewide transportation
planning ~ To studv the complete
system of person and goods moven
from origin to destination -
ate alternate sets of
regard to the transpo
-~ To develop a State

ent

colicies in
rtation system
transportation

program

cand minimum 0-D data would be

To eval- and terminal peints.

of Statewide Transportation Studiles

‘Zones and network will be selected and
coded using standard procedures, Models

for trip generatlcen and distribution will
be kept simple: Usually, no trlp purpose
breakdown, usually, one but not more than
three! independent socio-econcmic varilables
utilized.

0-D sampling for internal trips accom-—
plished by multiple—-screenline roadside
interviewing, stratified, cluster sample
of homes, telephone interviewing or com-
parable procedure. Models daeveloped Dy
trip purpose, usually: Auto (3-3) and
Truck (1-2)., Cempariscns and calibration
made against ADT volumes. Development of
alternatives will include functicnal
clasgification, scheme development and
testing. ’

Tlemenis and Procedures would Te similar
to the Comprehensive Urban Transportaticn
Studies. Interviews would be dfflClent to
develop a trip table of interzomnal pe

son movements. Studies would include an
Econocuic Base Model., and TLand Use Modal.
Within budget llmlLaLiOHS, goods movements
would be obtained and projected.
The procedures would incorporate the
latest techniques in systems analysis and
cperations research. Detailled persoun and
goods movement from origin toc destination
would he srtudies with emphasis on transfer
The models would
be iterative with a feedback fo account
for results of different CLransportaticn
policies.




As a result of the ftechniecal review by the Federal Highway
Administration, it was determined that the Michigan model should
logically f£all in the second class. A study of this size

ff involves a period of 8§ to 25 man-years and a budget of $100,000

to $500,000. DMichigan presenily has spent $150,000 and 5
part—time man-years.

Presently this project has been assigned the following

staff:

2 1/2 Positlons

Transportatiocn.

Statistician -~ Part Time -~ 10 Hours per Month

lHighway Technician —~ 2 Half Time Positions
The proposed time schédule at the conclusion of this-section
is based on the assumption that as of July 1, 1971, the ;
existing staff can be reinforced to more closely reflect the
staff requirement summarized in the previous staff require-
ment diagram. This is the time schedule for the entire fpur

phases 0of this model developmeunt project.

Any change in existing priority or staff conditions

would significantly alter proposed completion dates.

P




1965
1966
1267
(868
1869
I97§
1974
1972
1973
1974

PHASE T e 222248

‘Network Model Development '_ul i; B

i
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Define Procedural Cuide

‘Preliminary 1990 Traffic ASsignméntf-lwwr:m#i;mili%;‘mvm””m-.“””'”w

PHASE IT. @ S A S

Network Calibration : N s

k~Factor Calibfation O PR SO S N

‘Travel Model Update L e

.. »Vacation Model Coﬁvefsiqn S

N Peak Hour Model Development o o L e

Vacation Model Update S SOt S s el

“Detailed Network Model ' . R | —

;Tptal Road Network Deflnltlonl ; S o f,i,:,i o ; g

iCost-Efficiency Model - N memm__”J”:héum_i.g e, R

" Needs-Programming Model . - S N o L

*#Based on review of statewide modeling prejects in
the following states: '
Pennsylvania, Iowa, Connectlicut, Wisconsin,
Rhode Island and Illinois.
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10.

11.

12,

13.

PROPOSED MODEL
OUTPUT DATA AVAILABILITY
DATES
OUTPUT

Preliminary 510 Zone Computerized
State Highway Network

Preliminary 510 Zone Travel Time
Matrix for all Sub Zones in Michigan

Preliminary Trip Generatiqn Model

Preliminary Trip District Model

"Final Report on Phase I Model

Preliminary 1990 Assignment on Existing
Trunkline System

Calibrated 510 Zone HBighway Network
Model

Calibrated 510 Zone Travel Time or
District Matrix

Preliminary Vacation Travel Trip Table-
510 Zone System :

Calibrated Trip Generation Model Using
K~Factors

Statewlde Trip Data Bank - 510 Zone
System '

Calibrated Trip Distribution Model
Using K-Factors

Statewide Travel Characteristic
Summary

DATE AVAILABLE

August, 1966

October, 1966
November, 1966
December, 1966

March, 1967
March, 1969
January, 1970
February, 1970
August,.l970
February, 1971
February, 1971
March, 1971

AN

March, 1971




14,

15.

16,

17.

18.

19.

20!

21.

22.

23.

24,

25,

26.

27,

28,

29,

30,

31.

32,

33.

OUTPUT

Calibrated 1990 Assignment Using
K-Factored Models

Calibrated Trip Generation Model
Using Updated Data Bank

Statewide Socio-Economic Data Bank-
510 Zone System '

Calibrated Trip Distribution Model Using
Update Data Bank

Calibrated 1990 Assignment Using
Updated Trip Generation-Distribution
Models & Vacation Model

Phase II Final Reports

Calibrated 2300 Zone Highway Network

2300 Zone Time or Distance Matrix

Statewide Socio-Economic Data Bank -
Updated to 1970

Calibrated Vacation Travel Trip Tables -
510 Zone System )

Calibrated Design Hour Volume Model Data
Calibrated 2300 Zone Trip Tables
Statewide Weekend Travel Data Bank

Phase IIL Final Reports

Total Road System Network Model

Cost-Efficiency Analysis Listings
Highway Programming Model Listings

Procedural Manual on Cost-Efficiency
Technique

Procedural Manual On Highway Programming
Model Technique

Phase IV Final Report

“June,

" January,

DATE AVAILABLE

May, 1971

1971

July, 1971

August, 1971

December, 1971

Maxrch, 1972

December, 1972

1973
February, 1973

April, 1973

June, 1973

June, 1973

August, 1973

August, 1973

February, 1974
May, 1974

May, 1974

June, 1974

June, 1974

Augusty 1974







APPENDIX A

This appendix is composed of two sub sections from
the consuifant’s Phaée I final report; The first section
is a summary of the consultants development techniques,.
The second section iﬁcludes a review of possible model
improvements. Most of the suggésted model improvements
will be considered during the Phase II and Phase III work
program. IFf addiirional Phase T model devolepment dotails
are required they may be obtained by referring ito the

final report entitled A Computer Model for Determining

Future Highway Requirements of the State Of Michigan

Volume I and Volume TII, prepared by Arthur D. Little,

Incorporated €-67672-2, December, 1966,
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I. INTRODUCTION AND SUMMARY

The Rescurces Development Planning Program for the State

of Michigan requires, as a major component, a plan concerning

i
i
i
[

the various transportation systems that will be needed by the
state for the target years of 1980 and 2000. Arthur D, Little, *

Inc.,, has been assisting several of the state departments

which are responsible for this transportation plan in a two-

phase study under contract number Michigan P-52-(4A). This

report is submitted in partial fulfillment of this contract,

‘and 1s concerned only with highway planning. Volume I of
the report will provide materiél on: the background studles
we have conducted; a description of the computer model which
hag haen develapsed; an evaluation of the perfeormance of this
model; a review of lessons learned 1in the process; and sug-
gested steps which might be taken to improve and provide

growth for the resulting model. Volume II will provide a

user manual describing the various steps necessary to employ
the model for the determination of highway requirements at

future times, or for evaluation of the desirability of one

or more Specific highway links.

In the remainder of this section, we will summarize

the contents of both volumes, and provide references to

more detailed descriptions of the weork,

A, BACKGROUND AND HISTORY

In July, 1964, Avthur D. Little commenced its first-

phase study of transportation requirements for the State ;




of Michigan, submitting a report on the vresults in Septem-
ber, 1964. The Highway portion of this first-phase study
gj was essentially a reconnaissance, concerned with the avail-

ability of suitable data and techniques for the deveélgopment

of a computer model for estimating future highway requirements,

During this recounnaissance we tested specific samples of

machine-readable data collected in a series of Migsigsippi

Valley Multiple Screen Line Surveys and a series of Metro-

politan Area Origin-Destination Studies. The tegts of these

samples indicated that the data was generally "clean" and

consistent, although a variety of problems existed because

the data collected for different surveys employed different

coding systems, and different degrees of detail in tabulating

origins and destinations.

During iitls perieod we also surveyed available aualysis

techuniques and computational proceduras, tc determine whether

any wajor barriers existed to the euployment of a network
model for evaluating highway requirements. At the end of
this Phase I study we noted that although’“there were still
many problems to be encountered before an operating program

can be put to use, we have found no reason to believe that

the propesed apprcach 1s in any way ilmpractical. As we have

noted previously, it is not possible %o guarantee success in

bt advance of actual trials of the analytical procedure; the

eventual test will be the degree to which derived density
-data and actual chservations are in agreement:. Hovever,

we counsider the value of the end produact teo be so great in



comparison with the risk involved that we continue Lo recom-
L]

mend this approach." Accordingly, a decision was reached
j% to proceed further iIn the development of a highway require~

ments computer model.

The only technical change in the proposed program at

» this stage was a change in emphasis: whereas the original

intent was the design of a vesearch tool to determime future
P highway regquirements, it became apparent that the same
techniques could be of value as a routinelworking tecol for

the Highway Department., Effective use of such a tool is

depandent on simplicity, economy and opportunities for

continuity in employment, so these factors have received

increased attention in our work.

Other changes in the original program were made necessary

by the very limited avelilablility of tuuds. The most siguil-

ficant of these was to impose an increased burden on the
State Highway Department for conducting the major work in

two areas: the edit and preparation of input data and the

documentation of the final program. This split in labor
was logical, since the Highway Department had been involwved
in the collection of all the data used as inputs, and was,

therefore, in a relatively good pogsition to perform the

necesgary reviev and changes of format; it was alse possible.

in this process for the Highway Department to obtain data

tabulations of interest to them for purposeg other than the
study, In a similar vein, the preparation of documentation

by Highway Department personnel ia a step which ensures that



they have thorcugh acquaintance with the programs involved,
and will, therefore, be able to make effective use of the
programs in the future.

A more detailed history of the Phase II work is provided
in Section V of this volume. We have also attempted there
to provide a gummary of the difficulties encountered in the
project, and the lessons learned in the process. We believe

these difficulties are characteristic of the type of work

undertaken, Unfortunately, however, they are seldom
reportedm%ormally aﬁd in detail, we gelieve there is value
in indicating the specific problems which caused most
difficulﬁy; so that future workers in this field can benefit

from our experience.

B. PURPOSE AND SCOPE OF STUBY

he major puipose of our worw for thue Highway Deparcment
has been ﬁhe development of:
- A computer program for relating economic and/orx
population data to origin/destination mecvements;
- a computer program for counverting fhis origin/
destination data into hnighway sector density data,

by means of a network model, so that;

- aé An end product,uthere can be produced a complete
set of working procedures which can be applied by
Highway Department personnel on a routine basis both
for forecasting future traffic loads and for evalua-

ting the efiscts of specific proposed changes in one

or more highway sectors.




In meeting these purposes, we have been guided by
three general policies:

1. Building on Past Efforts in this Field

A number of netwerk models had already been developed

for performing tasks similar to ours. Related "gravity"

models to produce origin/destination data had also been

employed previously, although principally for the deter—
mination of metropolitan area road requiremenlts, Rather

than develop our own model ab initieo, we concentrated on

modifying an existing model developed by the Bureau of

Public Roads, so as to make it more suitable for the needs

of the State of Michigan. The BFR model was chosen from

among the available alternatives because of our belief

that it was the model most likely to be "maintained" and
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the State of Michigan in the future, in spite df changes
in computer eqﬁipment and other factors which tend to maké
models become obsolescent with time.

2. Simplicity of Usage

Network models are relatively complex, and require a

large base of data and iunput control for employment. Most

of these models have required and undergone elaborate tune-up

procedures before being put to use. We have attempted to

keep our model ss simple as possible, in the belief that

o

i this will encouvage effective usage. The simplicity has

been acquired at some sacrifice iu potential acecuracy;

however, We believe that the accuracy of all such models




is limited (especially when the problem of forecasting
moré complex demographic chavacteristics is considered)
and that intelligent model employment rather than the
seeking after a high degree of accuracy is the key to
deviving utility.

3. Growth.Potential

Since it is apparent that both the data sources
currently available and the techniques currently employed
pose important limits on the general accuracy of the model,
we have gtﬁempted fé make it as easy-as poessible to incor-
porate additions and changes which wilil updaté components
lof the modél as new-information becomes available., The
use ;f network models for higﬁway fequirements analysis is
still in its infancy; we have preferred, therefore, to
develon a model whirh can ha impraved oavaer timo worthor thop
to develep a closed model where future growith might be
limited. Specific aveas for potential growth are described
in Section V.

C. GENERAL BASTS OF THE MODEL

Models concerned with social dntaeractions aver a
distagce have been under study for sevaral decades, and
the use of these rechniques for studying highway linkages
waz suggested relatively early in their history. In practice,
the first employment of network models was in the study of
urban rather than inter-urban trangportation. In many
respects the analvsis of state highway links wvia a network
model is simpler than that of studying equivalent linkages

within a single city, since many of the detailed structure




elements employed in the latter are not necessary for study
of a state highway program.'_Howevér, the basic heritage
of our model lies in urban transportation rather than inter-
urban studies.

All network models for the study of transportation links
are baged on a set of important assumptions and principles.

The main ones are:

i

1. The overall area of study can be divided into‘a sat
of well-defined and meaningful nodes or zonés.

a. jhe definition of nodes or zones is usually
based on a set of geographic boundaries which are also
related to the physicai and demographic patterns of the
area under study. Within a city, where network-models had
theiry firs:t ewploymeni, bumogepeily is 47 esxircuwely Lwboi-
tant factoxr in zZone definition. Cities are relatively
inhomogeneous, in that there tend to be separate, véry
different shopping énd_industrial areas, as well as resi-
dential areas, and these must be distinquished in urban
models., For State Highway planning, however, where entire
towns or cities are usually considered as single zZones or
nodés, this problem of inhomogeneity is less apt to arise.

b. The meaningfulness of a set of zone definitions
depends_primafily on two factors, First, the zone sizes
must'be significantly smaller than the distances qf travel
which are under study; otherwise, there wili be severe edge
effects and loss of ability to capture deitail. Secondly,

it is dmportant to be able to forecast with relative ease




and accuracy the econoﬁic and demographic characteristics
used to detexrmine the movements to and from a given zone
or node.

2. Population and economic factors can be used to
measure the extent to which eacﬁ zone or node will generate
potential automobile traffic--~traveling out of this zone teo
other zones or nodes--and will attract autopg?ile traffic
which originates outside its boundary, Becaugze of the
relatively inhomogeneous internal strﬁcture of individual
cities, the attraction and production characteristics of
urbanrzoneS'are quire different and are kept separate. in
a state-wide model, howevér, where we are dealing with
rélatively homogeneous zones, these two factors become
indisiivcguisnabie, im most cases of impertznce, and tend
to mergé into a single measure of-traffic movement potential.

3. Time, distance, oY some cost.factof inceorporating
the two serveg as a meééurable deterrence to movemént.
it ié assumed.here that individual drivers will have to

make a series of choices among destinatioms to which they

'

can go, and that these choilces will be made on the basis

of some combinaticn of the relative attractlicons of destin-
ations and of thé costs of going to them. Thus, deterrence
serves to perform an allocation in a ratiomnal and deter~
minabie manner of the destinationg to whiceh traffic leaving
a given zone will go. The deterrence is not based solely
on distance; the quality and capacity of roads as they

influence both travel times and costs, and aesthetic wvalues
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encountered during a trip, will influence the allocation.
In general, however, aesthetic values do not seem impeortant
except on vacation travel, since quality of roads and
aesthetic values tend to be so tightly correlated that
the two can be subsumed in a siﬁgle measure.

4, A network medel can be used to unite the factors

described in 2 and 3 above, by allccating traffic to indi-

vidual highway links. The same model, with modifications,
can be used to distribute travel among a series of roads

or road combinations between one node and another in cases

where the cost factors are not significantly different.

] 1

This step 1s necessary to perform redistribution which takes

1

into account the effects of overloads on highways.
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to road density statistics, whidh in turn can be used to
evaluate the effectiveness of developing nevw petworks oz
of undertaking some degrees of modification of an existing
network.

One extremely Important factor should be noted in the
above set of prinéiples and assumpgions, andVZhis iz the
intensive ”feedback"-that arises between items 2 and 3.

In making this pair of assumptions we are tacitly assuming
that there is a basic social pattern or structure which
relafes the size and wealth of a city teo its surrounding
environment, Fach city, Iin a sense, mﬁst both influence

and be influenced by the patterns of increase or decrease

in neighboring cities, and its growth therefore depends




on the demography of its surrvoundings. We are, therefore,
assuning a type of faundamental soclal structure which goverus
the rise and fall of citles as placesrto live and work, in
terms of a cowmbination of the opportunities, economic
structure, and resources of a given city and of the dis-
tribution of ecther cities which surround it. This 1is a.

relatively subtle point which has not received suitable

study in either this or any other network analysis of which

Wweé are aware,

-

I, SPECLFIC BASIS OF THE MICHLIGAN HIGLWAY NETWORK MODEL
The specific application of the principles described
above was made in the follewing manner,

L. Zone Definitions

With the excepticn of the city of Detroif, Fhe Zones
in our model are based on individual townships (or citiés)
or combinations of townships. The use of townships provides
a logical basis, since census data is available and forecasts
of future populatibn for the State of Michigan have been
constructed on this basis. Further, individual townshilps
are sufficiently large throughout the state to provide the
dégree cf homogeneity sought in the state-wide transportation
model. TFor the city of Detroit, an arBitrary division was
made -so0 that this metropolitan area is divided into three

Zones.,

2. Populaticn and Economic Factors

"Early in our work it was established that car ownerxship

throughout the State of Michigan at any given time appears
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to depend almost solely on population, Correlations between
county car and truck ownership data and county population
were consistently .98 or higher, Other data dindicate that
total motor vehicle travel (i.e., urbaﬁ plus inter-urban)
is quite constant, and independent of locatlon of zuto regis-
tration. Accordingly, in the interests of simplicity, only
population is employed to measure total motpr‘vehicle travel
during a given period. |

To take account of the time dependent effects of econo-
mic factors,vhighway conditions, etc., on the per capita
level of car ownership, an additional item is necessary.
For this purpose, we have used the ratio of the forecast
vehicle miles per capita traveled during. the year under

I - -
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les pey caplia fraveled durlng the base
year of 196Q. The Michigan Highway Department has already
made estimates of the walues mnecessary to derive this ratio,
go the information is on hand for use in the program.

The population of a zone is nof by itself adequate
to specify the traffic generaticn éharacteristics of that
zone, This can be seen by conside%ing the éf%ect of city
size on the extent to which inhabitants will travel by car
"outside the boundaries of that city. A small city is apt
to lack many facilities desirable to its dinhabitants, such
as good shopping, adeqﬁate sources of employment; nearby
récreatonal facilities, etc. Accordingly, a gsignlficant
fraction of the total automobile traffic of cars owned by

residents of a small city are apt to pass through the zone




boundary in search of these facillties. As the city grows,
however, its sources of internal attraction will increase,
and a smaller fracticn of automobile travel by 1nhabitants
will pass through the zonal boundary. On the other hand,

a city surrounded by other nearby cities will tend to
generate more interzonal traffic than one whichk is isolated
by large distances from other cities; it is more difficult
to travel to the desired facility in the latter case, so
more of the travel will be oriented inwards.

A numberrof studies of this subject-have led to a
Vafiet& of possible models. After a series of investi-
gations we have determinéd that an adequate measure of
interzonal traffic generation can be based on a combination
cf the intcrnal zZone povilation plus*a funcilon of the
external population within a limited distance of the center
of the zone--of the order of 30 minutes driving time. A
regression analysis has been performed leading te the
equation: H

0.89 p_ 4 p, O0:19

1.04 P - g e
c P *

=
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general "trips#®

0.11

=
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b
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+ P
—E—ﬁ"“ﬁ' , heavy truck trips

P = Zone populatilon

P = Population in external ring

N = Interzonal trips generatéd in each
direction (inbound and outbound)

%*General traffic includes all trip purposes, other than
vacations, made by automobiles and light trucks.
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The results Indicate that these models account for 997%

of the variance in general trips and 95Z of the variance 1in
heavy truck trips (which are less important) cbserved in
the nine cities for which we have O/D data and in Detroit.

. &
3. Deterrence Function

For a deterrence function we have employed time of

travel rather than distance. The times of movement on

"individual highway links have been egtimated Ly the Michi-
gan State Highway Department and take into account the
gquality and capacities of roads as ﬁell as the distance
traveled on.ghe links.

In early work on the gravity model, a single exponent
of aistance was employed for deterrence, and for urban and
some inter-urban studies. This led to a deterrence funcﬁinn
proportional to time or distance appreximately cubed.

Data indicate that this simple relationship ie inadequate
both for very close and Qefy large distances, where there
is a tendency for deterrence to fall off ﬁore slowly than
in dnverse cube. We have derived separate deterrence curves
from 0/D data for“individual purpoées of travel of: (a)
general traffic, (b) heavy truck traffic, and {(c) vacation.
For all of these except the case of vacation, we have de-
veloped sets of qgédratic equations which describe deterrence
as a function of distance. The procedure for this is rela-
tively simﬁle, and leads to a far more accurate model than-

one based on a single exponent.

4., Network Model

For our network model we have employed, as previously




indicated, the'Bureaﬁ of Public Roads Network Model. We,
have made slight modifications to this model in the process
whereby vehicles are assigned to roads.

This model makes use of the zone to zone trip table
supplied by the traffic generation and gravity models and
assigng thege trips to the highway links forwing the minimum
travel time paths between the carresponding229ne pairs.

With approximately 500 zones, there are of the order of
250,000 zone pairs and associlated minimum travel time

paths. When several assignments are made in an iterative
process, with link travel times adjusted each time to
account for link congestion found in previous assignments,
even moreApaths will result.

£
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travel time paths. We have, however, plotted a representa-
tive sample of these paths. From this inspection we can
note in general thaf tﬁése §aths lock reascnable. Paths
between distant zones tend to lie élong major freeways

where approPriate; in general, the paths computed corres-
pond very closgely to those which one would téﬁd to select
from reading a road map and trying to balance divect routing
V(minimum distance) against the desire teo travel on faster

highways which avold congested areas.

5. Link Density

Since it 1s not practical to check accurately the
density on all of the links (approximately 2,100) which
unite the various zones considered in our analysis, we have

concentrated attention on a speciflic set of links where there




is reason to believe that accurate mezsures of traffic counts
have been taken in the past. These are links on which
permanent traffic recording stations are located. We have
used the average daily traffic for the year as the indi-

cator to which we wish to calibrate our model.

E. MODEL LIMITATIONS

The accuracy and validity of the model W& have developed
is limited by a number of factors.

1, Data Limitations

Although a large amount of traffic data have been
cbllected in the State of Michigan, a relatively small
pdrtion of it has been oriented towards mehsurements‘wﬁich
have proven useful in our work. The earliest decision N
'which.was necessary concerned whether teo base the madel
primarily on Mississippi Valley Screen Data or on Metropolitan
Area External Origin/Destination Data. Although these two
types of data are in many respects complementary, they are
very difficult to combine in developing a single model.

The Mississippi Valley data gives great detail on passages
along certain linksg, but provides very little information
aboﬁt car movements outside an crdigin or @éstination which

do not travel on these specific links. The external 0/D-
data for metropolitan areas furnishes detadiled information

on all traffic entering or leaving the zone in question,

but say little concerning thg highways over which this
traffic travels. In theory, a model could bhe base&.on either

set- of data, but not easily on a combination of the two.




After exawination of the data we determined that the
metropolitan area data was the superior set on whiech to base
our model, The screen line data were not available on a
sufficient number of links in a well plannea manner to permlt
the type of analysis that would be needed for coustructing
" a model. Further, the analysis of the 1link data provided
by the Mississippi Screen Lines is a far mo?gbcomplex proces
and is less eastly adapted te existing netw&rk computer
programs, than is metropelitan ¢/D data.

However, the metropolitan data itself suffers some
deficiencies. First;lthe available data on external trips

to and from Detroit are inadequate and treat the city as a

whole, rather than splitting it into zones as is necessary

=

fur use in 4 neliwoex moded - Second, pthere is very limiie
data on small towns and rvural areas. The latter bias showsg
up from the fact that for all but one of the nine cities
on which external 0/D daéa'ware avallable, the attraction
of traffic to these cities was greater Ehan the production
of internally registered traffic taking trips cut of the
cities. If this characteristic was applied to the whole
State of Michigan, it would lead to an impossible and
unbalanced situation.

We must conclude, therefore, that our results are
~based on biased data, and gsuffer potential inaccuracy,be—

cause of the fact that the necessary 0/D data is not avail-

able for a sufficiently broad sample of zones.




2. Tune-up Proeedures

By the application of sufficiently elaborate tune-up
procedures, it would be possible to develop a model which
would fit almost perfectly actunal observations of critical
link densities. We have not followed this process, however,
because we believe such models previde a form of "false

accuracy.'" By having a sufficient number of censtants and

other parameters, which can be adjusted to fit obéervations,
it is always possible to achieve any desired level of
accuracy in dgscribing past situations. The‘presence of
these'constants, however, will usually have a very unsatis-
factory influence on the accuracy of link densities forecast
by the model for future time periods unless there is a firm
phaysicAld unr'le‘.r_'s-si'anﬁ fhney as g why they arise and htave a
specified value. Accordingly, we have used a relatively
crude tune-up prqcedure{_and«—as a result;—have gignificant
errors.in the resulting link densities. We believe our
procedure is the more sound, however, since there is no
"false accuracy“ present, and the few parameters that we do
employ can be forecast for future conditions with relative

accuracy and confidence.

3. Forecasting of Inputs

The major errors in the application of the model will

probably arise im the area of forecastiang of inputs. This
is always a difficult process, and efforts to minimize the
difficulties and errors of these forecasts have been respon-

sible for much of the relative simplicity we have incorporated

in the model.




] ¥. _MODEL PERFORMANCE

The Michigan Highway Computer Model has been completed

and is available as a working tool to assist both long-range

planning and the development ¢f more lumediate decisions

concerning highway transportation reguirements for the state.

Limited error checking of model assignwents on a set of links

having permanent traffic recorder stations has indicated

that in its present form the.model is biased towards over-

assignment by approximately 57%. A gimple scaling adjust-

ment can be used to compensate for this bias, resulting in

an average assignment error of approximately 40% over link
votumes vanging from under 1000 ADT to 30,000 ADT.
The present model represents completion of the first

leveionmeni wiaue Aaud lis verformancs 45 mrmmowliable aand
deverLopmen SHLayde, And lied pelioilmdnlic e TIWarlidociy gooo )

wien compavred with models of similariy complex processes in - -
their early stages of development, As 1s common with newly

developed models, however, significant improvements can be

made both through a number of adjustments and lmprovements

.

of an immediate nature, particularly with respect to the

zone structure and link network that are employed, as well

ag through longer term improvements requiring more extensive

analysis.

G. MODEL USAGE

Ease of employment of the model and ability to incor-
porate improvements are closely related, since both charac—
teristics are favored by a modular system. The use of the L

Michigan Highway Network Model requires three major steps:



nput preparation, computer runs, and output analysis.
These steps are described briefly below.

1., Input Preparation

The basic inputs required for model operation include:

a.__Population Forecasts

Forecasts of population for a target year must be_made
for each zone in the network. A machine readable tape con-
taining such forecasts on a township basis for the two basic
" target datesg, 1980 and 200G, as well as feor 1965, 1970, and
1875, and a program to convert this data to forecasts by
in—stafe Zzones has been prepared by ﬁhe State of Michigan.
Interpolation between ﬁhese dates can be employed if other
target years are desired; otherwise, these inputs are avail-
avle withboui Juribier uwan intervencion. Manual preparacion

of population forecasts for out-of~state zones (which are

few) is required.

b. Vehicle Miles Per Capita Growth Rate
The Highway Department of the State of Michigan has
already prepared estimates of future total vehicle miles
for the state for vears in the future up te 1890. 1In
conjunction with state-wide population figures, these can
be applied to prévide the growth factor estimate, relative

to the base year of 1960, as reduired for the model.

¢, Vacatien Trip Destinations Allocation

Because vacation travel does not follew the same pattern
as other traffic movements, it is necessary to allocate

expected vacation destinations awong the various zones in




the state. For the present model, we have made use of data
from a sampling of Michigan and out-of-state vacationers,
and have used Mackinac Bridge data tc convert these figurés
into an estimate of total wvacation travel., As further
vacatlioner samples are taken, the inputs we have employed
can be altered and specific changes in vacation patterns--
guch as unusually large growth in some COUHF%ES which

provide special facilities—~can be incorporated.

d. Vacation Growth Rate

We anticlipate that automobile travel for vacation
purpoées will probably grow more rapidly than overall
movements. Separate eétimates of the growth rate of vaca-
tion travel can be incorporated-if desired-- to take this
fzetor dinTo accoy

1

nt, . S

e, Link Data

Finally, data om any new links or changes in the
existing network must Be-incorporated. ILinks are specified
in terms of the distance and travel time or speed between
the twe nodes that they connect (bearing in mind that one
or both nodes may not have any population and, therefore,
lack any traffic generation characteristics). The links
must also be-characterized in terms of their capacity,
since this factor is employe& in route allocation.

When the above data are available, the inéuts have been

adequately specified for the conduct of a computer run,.

2., Conputer Runs

The computer runs take place in what amount to three

steps:




a. BPR Run

The Bureau of Public Roads network model is employed
to develop data on the external population around individual
zones and on the interzonal travel times, so that traffic
generation characteristics for each zone can be computed,

b. Trdp Distribution Model

The trip distribution model takes datanéfveloped by
the BPR network and then: develops the traffic generation
characteristics of each zone; employs a gravity model to
determine travel (for each trip purpose) from each zone to
each Qf the other zones; and finally, constructs a consoli-
dated interzonal trip table. The first trip table may be
adjusted by an iterative process to obtain an improved fit
to. Lthre inpui daia.

. BPR Model

The BfR model is th?n run a-second time, employing
the trip table produced By the trip distribution model.
In thisg step, the BPR model determines specific(routes which
will be followed in making zZone te zZone trips, computles
traffic densities on all links, and performs certain re-
allocations of traffic in cases where one or more sets of
iinks are cverlsaded and alternate routes, which could lead
to shorter trip times under these traffic conditions, are
availéble.

3. Output Analysis

A relatively wide range of output formats are available

from the final BPR program. The output desired for a specific
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run will depend on the purpose of that run, and on the
analyses which must be conducted thereafter. Since there
will be of the order of 2,100 individual links forming
approximately 230,060 paths, 1t is obvious that this
analysis must be narrowly orviented if the user is not

to be overwhelmed by output data. Tabulations can be de-
veloped indicating the-most critical links in the'systém,

or a specific family of links or paths can ggﬁéxamined in
detail, without the full data developed by the computer
being displayed. We anticipate that the most useful outputs
will 5@ deteérmined over a periocd of time, as experience with
the model i3z pgained.

There are a variety of forms in which the network model
cain ve imprvoeved 2o furtber data and exverilence are gaiuned.
In general we do not anticipate that the fundamental network
structure of the BPR model will require significant alter-
nation. However, as further metropolitan 0/D data is col-
lected within Michigan (or adjacent states with similar
socio-economic conditions) it may prove worthwhile modifying
the traffic generétiﬁn fﬁﬁctions,7éspecially4%or heavy
trucks~—-and these in turn may lead to an alteration of
the exact equations used for the deterrence functions in
the gravity model. 1In the area of vacation travel, data
curréntly is very limited and some specific components-—-
such as ocut-of-state travelers passing through Michigan
on vacation--could well receive specific attenticn. Iu

general, however, all of these sub-wmodels can be altered

i
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gignificantly without influencing the main structure of the
package of programs.

In the area of ocutput we anticipate that considerable
growth is possible. As understanding is developed of the
uses to which the model can be put, and of the post-
analysisrsteps requlred for these purposes, it should be
possible £o develop a post-processor which performs a major
portlon of the post-run analysis. In this é;;ner, the

burden of using the model can be eased and the results of

computer runs can moere quickly and effectively be applied.
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IMFROVEMENTS POSSIBLE WITH EXISTING DATA

a. Improvewments to Computer Programs

The efficiency of computer operation can be increased

through a number of modifications to the computer programs.

ADI,-Time Convert and ADL-Time Add can be dintegrated into

a gingle program, Also ADL-Trip Convert can be modified,.

At present separate runs must be made to produce a major

or minox trip table in the BPR format from a Fortran format
trip table for each trip purpose. With three trip purposes,
this requires six rums. In addition, PR-152 must be run to

Ty one~ddF - e ATNT .
s ARk A ek b e [ - hd oy Ahis A J..l..-i.l)

pio

mer the trip tableg Threou ica

ge the txip tableg, unh
Convert ‘can be programmed to read in all three Fortran

trip tables simultanecusly, merge them, and generate both

the minor and major.trip-tables in a single run.

It has also been noted that maﬁy of the control options
in ADL-Trips and ADL-Vacation are exercised-through simple
modifications to ghe programs themsélves. On;; experience
has been gained in their use and the options of real interest
have been noted, it would be worthwhile to modify these
programs so that these options can be specified by means of

control cards.. This would eliminate the need for continual

program modification and program ceompilation,

- 100 -




b. improvements to Link Network

It 1s clear that éome, although by no means all, of

the discrepancies observed between volumes assigned by the é
model and volumes actually observed are due to inconsistencies
in the highway network rvather than in the model itself.
Virtually all traffic studies employing network models have
found that significant improvéments can be obtained by

making adjustments to the network once preliminary assign-

ments have been made. Such adjustments include modifications

of link speeds and alterations in the placement and length of

pséudo links; b

In making such adjustments it is important to diffexr-
entiate between fhose that can be made in the absence of
actual ADT data and those that require such data. To the
extent possible, adjustments should be made without recourse
toe actual ADT data, for such data 1is not available for the
purpose of adjusting proposed future networks.

It is quite likely fhat worthwhile improvements can

be made merely by analyzing the assignments made by the model.

The assigned volumes, including those on pseudo links, should

be noted on a network map. The map should then be examined,
for 1link volumes that are unusually large or small relative
to neighboring link volumes or volumes on parallel routes.

Similarly, sudden discontinuities in link volume should be

.

noted. Such agn analysis may reveal that the speeds listed for

the links on one route may be too high relative to these on
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a parallel route, resulting in an excessive diversion of
traffic to the faster one. Large discontinuities méy reveagl
that additional pseudo lianks from a particular zone are
required.

If many of the links in a particular area are. heavily
overloaded, it may well be that too few of the highways in
"the area have been iacluded in the network. If accurate
asslgnments are required inm that area, more of these highways
should be-included 1in the network. If, as in the Detroit area,
the primary purpose ié to provide a mechanism for routing trips
from Detroit to other areas énd for permitting other trips to
pass through the Detroit area,Aptofer behavier may possibly be
achieved by Increasing the capacitlies listed for these over-
loaﬁed links.

OQut~of-state links and pseudo linksrconnecting out-of-
state zones to border nodes should also be given attention.

In the present network, it appears that some of the out-of-
state zones should have additional pseudo links. Also, it
appears that the highway around the western side of Lake
Michiéan channels too much traffic through Menominee County
at its no;ﬁhefn end. Additional highways leading from
Gogebic, Iron, and Dickinson counties toward the Chicago area
would eliminate the diverszicn through Menominee County of
traffic between the western tip of the upper peninsula and
southwestern Michigan. |

Ag a final note, the Mackinac Bridge deserves special

attention, The toll on this bridge no doubt deters much of
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the potential local traffic across this link. This can be
seen from the fact that approximately 90% of the traffic
across the bridge in the summer is for the purnose of
vacation. In the present network, there is no deterrent
simulating the bridge toll and the assigned volume on the
bridge is much greater than that observed. Experiments
should be conducted tc‘determiné the bridge travel time

that will serve as an appropriate deterrent. In this regard,
it may be necessary to represent the bridge by several links
in series since no link can have a travel time in excess of
31.5 minutes.

¢c. Correlations Between Trip Tables and 0-D Data

As mentioned earlievr, time was not available to correlate
the rows in the trip table correspondiné to the nine 0-D
study'cities with the 0-D daté itself., Such as'analysis
would be useful in determing the accuracy of the Lrip table

enkries.

d. Analysis of TLink Growth Ratios

Sigunificant errors between assigned volumes and observed
AﬂTb have been noted on-many of the links., It may well be,
however, gﬁéf on many of these links such a disparity would
ba consistent from vear to year. Perhaps a link having an
assigned volume 25% of actual for 1960 would have an assigned

volume close to 25% of actual for the year 1975, TIn other

words, perhaps the rvelative change fn assigned volume from
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year to year would be much more accurate than the actual
value of the assigned volume in any one yearx.

In order to establish the degree to which this
phenomenon may exist, it would be useful to perform
assignments for time periods such as 1950, 1955, 1960 and
1965, In order to avoid the need for establishing separate
link networks for each time perdiod, the analysis could
be restricted to links not likely to have been affected
by highway system improvements over the time periods
considered., On the links selected, an analysis should
be performed to determine how well relatlive changes in
assigned volumes correspond to xélative changes in observed

volumes.
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As discussed in Section II B-3, a technique for pro-
ducing a second swmoothing of the entriés in the trdip tables
for general and heayy truck trips has been developed.
Analysis of trip table summaries indicatesithat this
process may well produce more accurate trip tables. No
‘traffic assignments have been made using such txip tables,
however. ﬂ;tiwould be useful to‘do s0 dn order to determine

whether or not this process 1s worthwhile,

£, Development of Tmproved Measures of Value

The present statewide highway model produces a set of

traffic volumes assigned to the wvariocus 1inks in the system
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together with reiated summary statistics.

Various measures of value or effectiveness must be
applied to these results as an aid in determining the relative
desirability of alte?native proposed highway systems. At the
outset of this project, we intended to develeop a number of
such measures and to develop a computer program for their
application., Unfortunately, time was not avallable for
performiﬁg this task. Such an undertaking would form a
very worthwhile future program. Some preliminary thoughts
on this subject are described in Working Memorandum MLE-3,
dateerecember 17, 1965.

IMPROVEMENTS REQUIRING NEW DATA

) . iy Jh I 4 2 om =1 M ™ ™ — L R, K !
a, Inclusicn of Additicunal C-D Data in Trip
:
ist

ribution

Data from a number of external ocrigin-destination
studies have become available in the last few months, and
additional studies are under way. It would be useful to
add this data to the data base employed in the develop-
ment of the trip distribution models and to determine
whether such data would prcauce any significant changes
to the model,.

A serious deficiency of all this data, however, is
that they focus only on traffic io and from urban centers.
We have no data on trips between rural areas. .In_the
internal trip analysis conducted in urban studies, interview

data on a sample basis are obtained to describe trips between
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all zone pairs. A corresponding interview program on a

{
statewlde basis would be most useful, and the feasibility
of such a study, focusing especially on rural areas, should
be examined.:

b, Use of Additional Demographic Data for
Forecasting Trip Distribution

The present rip distribution moedels for general trips
and heavy truck trips use only population t¢ characterize
the individual zones. Additional kinds of demographic data

might prove useful in increasing the accuracy of these models,

especially that for heavy trucks. The census data tape

obtained from the Federél Highwéy Administration and converted
to a data file for the Michigan zones would provide a useful

scurce of such data. Extensions of the model should be

approached conservatively, however, for the use of additional

types of demographic data will increase the problem of making

forecasts for future time periocds.

c. Improvement of the Vacation Trip Model

The present vacation model is very crude., Suggested areas

of fmprovement are llsted 4in the final model report. As alluded

to there, any meaningful effort to develop an effective vacation

model will require very serious and extensive study in which

adequate consideration is given to the different kinds of
vacation travel that exist, to measures of vacation attraction,

and to effective mechanisms for obtaining meaningful data.
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Ei d. Anslysis of Travel by Time of Day, Day of
Week, and Season

The present trip distribution models estimate average
daily trips only. The data used in the development of these
models, however, was all taken on summer weekdays, and
there 1s some question as to whether the trip estimates are
in fact representative of year round ADT rather than summer,.

E; weekday ADT.

A more serious limitation is that the models do not

_have the capability of estimating the traffic to be expected

on weekends, at various hours of the day, or during different

seasons of the yeax. Although 0-D data can be scaled to
convert the number of trips observed on a particular day

to those observed on the average day throughout the year,

o q - £ T T P R
thic genlingeg doeo not acceount oy variaticus s (WY Mias OL

jat

trip purposes which in turn have different trip lengths.
Hence, such scaling is not likely to provide very accurate

results.

A wseful prograwm of major dimensions would be to analyze
the manner in which trips of differént purposes varv by houx

of day, day of week, and season. The development cf trip

i3 _—

distribution models for these different purposes, and the

o ' use of scaling coefficients to represent the trip purpose

mix for selected time pericds, would permit the development

of a model which could estimate seasonal, daily, and hourly

traffic densities.
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If such a study were undertaken, considerable effort
would need to be expended in determining the different
trip purposes to be employved. For example, work trips
of a commuting nature have an entirely different time
pattern than work trips involving salesmen making business
calls. Similarly, skiing trips have an entirely different
seasonal pattern than hunting trips--both of which could be
classified as wvacation or recreational.

The development-of such models would constitute a
project of considerable size and duration. A feasibility
étudy-would'be worthwhile before embarking on such a

prograi. .

e, Analysis of the Rural-Urban Interface
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estimate traffic volumes on major highways outside urban

areas. Such a model cannot contain the detail necessary

to accurately estimate traffic patterns within urban areas;
urban models are needed for this purpose. On the other
hand, the urban areas cannot be ignored in the statevwide

modal, because they are the source of much of the traffic

on the highﬁays in rural areas and because mach of the

statewide traffic passes through urban areas. 1In our analysis

of the traffic assigned to links within the Detroit Metro-
politan area, we found substantial problems.

It would be most worthwhile to perform é study of this

problem and to develop a more effective means of characterizing
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urban areas in the statewide model. At the same time,
it might prove useful to determine how the statewide
model could provide data characterizing external traffic

movements for use in urban traffic models,
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NOTE:

Data presented in this appendix are the results of a
preliminéry 1990 traffic forecast for the complete state
trunkline system as it existed in 1965. These graphs
indicated what traffic volumes would occur on the present
highway system assuming no changes or additions to the
highway system. Only the preliminary trip ferecasting
models were used to obtained these results.

The traffic volume trends at selected permanent traffic
recorder stations has been plotted on each of the following
graphs. Appling more simplified techniques of projecting
‘trend data, the user might obtain a trend liné similar to
the ddtted lines on each graph. The future forecast for any
specific route might be determined by obtaining the fore-
casted fraffic volume from this trend line for the year 1990
the X-axis of these graphs. These values are represented by
the dlamond on each graph. The projected traffic volume
from the preliminary traffic forecagting model has also been
entered on these graphs and appears as a star. Note that
with the exception of St. Ignace and Houghton.Lake graphs the
model's results compare favorably with projected trend

lines. These are only a few selected stations throughout

on

the state but the results are encouraging and completjon of the

model calibration process during Phase II should led to a
reliable statewide traffic forecasting model for the State of

Michigan.
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The Nodal ’Wein@d of Collision Location

MURRAY D. SEGAL, Transportation Consultant, and
ROGER L. MALLAR; Planning and Trafiic Engineer,
Maine State Highway Commission

The development of accurate and efficient accident location systems
is of prime importance to the highway and {raffic engineer. During
the past two years the Maine Staie Highway Commission had devel-
oped a location sysfem ithat iz based on network principles widely
used in the highway planning field. This paper describes the de-
velopment of the systerns, beginning with a review of alternative
methods available and ending with an evaluation of the initial re-
sults as applied to the 4,600 miles of federal-aid and state highways.
In brief, this initial experience with the node-link method of accident
location suggests that it is an economical and flexible tool that has
greatly enhanced the capability of the engineering staif toutilize fac-
tual data in the safety program.

sACCURATE accident data, properly located and related to the highway environment,
are essential to the work of the traffic engineer. Reviewing hazardous highway loca-
tions only after the accident problem has reached such proporiicons that the general
public reacts is not a satisiactory operating procedure to the professional engineer,
Therefore, current accident location data that enable the engineer to determine guickly
those locations at which accidenis are oceurring or increasing must be made available
as an everyday working tool. These data not only enable the engineer to determine
high accident locations susceptible to correction, but also relate accident patierns io
highway characteristics and thus provide the basis for corrective measures, Further,
a properly established acecident records system will provide the engineer with the basic
data necessary to evaluate changes in highway design and operating policies that can
lead to a reduction of accidents on a systemwide basis,

Accident location data are also of utmost importance to enforcement agencies. Se-
lective enforcement programs, to be effective, must be aimed at those locations where
changes in driving habits will lead to accident reduction. Accident rates and causes,
when related to the type of enforcement activity, will allow evaluation of the enforce-
ment provfmm Also, those involved in the public relations aspects of highway salely

may make efllective use of accident lo-
cation and other data to provide a weli-
oriented gervice to the motoring publie,

TABLE 1 The first step in the process of devel-
HIGHWAY MILEAGES oping an accident location system was a
review of the extent and nature of the
State fncludes highway systems in the state. As given
Category (mi}  F.aPp Fas in Table 1, there are slightly more than
fmi)  mi) 91 600 miles of highways in Maine.
State highway 3,850 1,676 1,724 State systems are described as state
State-aid highway 7,628 - - T79 i -ai i
Townways and miscellaneous 9,785 58 — hlghwaYS and state a?d l'_ughf.vays. Th{_"
State Highway Commission is responsible
Total 21,272 1,934 2,503

for construction and maintenance activi-

~

Paper sponsored by Committee on Highway Safety and presented at the 4Bth Annual Meeting.
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ties on the state highhway system, whereas on the state-aid system these responsibili-
ties are shared with the local municipality. More than 3,800 miles are designated as
" state highways, and some 7,600 miles are included as state-aid facilities. All but 259
miles of state highways are also designated on one of the federal systems, while only
779 miles of the 7,628-mile state-aid system are federally designated. A summary of
the federal-aid and state highway system in miles is shown below:

System F.AL F.AP. F.ALS. N.F.A,  Total

&
State highway 220 - 1,656 ‘ 1,724 259 3,589
State-aid 779 779

P . 4,638 -

>

In total, ‘there are some 4,800 miles of the more important federal-aid and state
highways in Maine. Although this represents only 22 percent of the total mileage, 55
to 60 percent of the accidents are reported on these systems., In an effort to insure .
the rapid implementation of an effective system, a decision was made to initially limit
the location system to the 4,600-mile federal-aid and state highway systems, while
maintaining the flexibility for future additions.

With a total population of approximately one million and an average density of 31
persons per square mile, most of the highway system is distinetly rural in nature.
Even though only 6 percent of the hiphway mileape is classified as urban, it was as-
sumed that the absolufe number of collisions occurring on these urban facilities was
substantial, and thus flexibility of the location system to meet urban and rural needs
became a design goal. Subsequent summaries of resulling data have shown that 40
.to 50 percent of all the accidents reporied occur-in urban environments.

EVALUATION OF ALTERNATIVES
Objactives

There has been considerable discussion in recent years on the subject of collision-
location. Much of the published work has been concerned with the details of the phys-
ical portion of the location system-—namely, the field reference markers. The deci-

, sion by the Maine State Highway Commission to emphasize the improvement of the
F collision location process as a beginning step in improving the whole records system
v led to a review of previously used methods and a statement of the objectives for the
accident location process.

Over the years various methods have been used to identify the locations of different
design and operating characteristics and other evenls on siate highway systems, Col-
lisiong, then, were only one item among many picces of an inventory puzzle and were
considered in that perspective. Although all of these programs present basically the
same goal of inventorying a specific item on a massive highwaynelwork, the details
of the invenfory routine have not in the past been identical or even compatfible. Yor
this reason, the formulation of objectives for the collision location method assumed
considerable imporinnce. These objeclives were summarized as follows:

1. The method should be sensitive enough to accurafely identify high-frequency
accident locations, and permit basic research on the relatlonshlp of design and operat-~
ing elements to accident production.

2. The method should be simple enough to permit accurate use by the average po-
liceman in the ficld.

3. The method should bave maximum potential for use as a general road inventory
procedure.

4, 7The method should have potential for uses other than collision (motorist infor-
mation and guidance, traffic planning, eic.).




5. The cost of the system should be minimal,

The problem of inventorying collisions, design features, or any other descriptive
element or event on a larpe hichway system initially assumes substantial dimensions,
but the use of high-speed computers with large storage capacities and casy access
have reduced the problem considerably. The task of the state highway engineer in
designing and carrying cut this inventory may be compared to the inventory control
problem frequently encountered in private industry.

The {irst requirement--that the methodbe accurate enough to identlify high-frequency
locations—was, of course, the basic reason for the proeram, since the requirement has
seldom been met. Some of the specific accuracy problems that had plagued Maine's
Planning and Traffic Divigion ave discussed in a later section,

Because the police investigator was fo remain the principal source of data collec-
tion in the foreseeable future, the method chosen for improving the location process
must be simple, concise, and not invelve cumbersome or time-consuming procedures
in the field. A stated goal of the entire records system improvement had been the re-
duction of effort on the part of the police investigator.

High-speed computers offer a good opporturity to improve the highway and traffic
engineer's ability to recall descriptive information useful in his design and operations’
tasks. At the same time, the unification of all inventory and descriptive procedures
was identified as a major goal, Xeeping road inventory information on one location
basis, trafiic volume information on anoiher, and bridge inventories on a third was to
be avoided if possible. It was initially felt that all these inventories should be placed
on an identical location basis, rather than correlating different location procedures
with lengthy computer routmes

The ability to use the accident location method for non- safety purposes could be
considered a fringe benefit. Motorist information and guidance is frequently men-
tioned as another use for the accident location sysiem with specific recognition of the
reference markers in the field. This is possible at several different levels of sophis-
tication. For example, the mere installation of an understandable series of signs
along the road has obvious use {o the motorist. In more sophisticated terms, there
should be some consideration of the relationship between the future development of
automated vehicle guidance and control systems and collision location procedures.
Substantial research and development work has been undertaken in this area by the
Bureau of Public Roads' Office of Research and Development. In the highway planning
field there would be considerabie advantage in a collision locafion method that would
have some compatibility with existing traffic assignment procedures, since this could
simplify areawide or statewide traffic assignments.

Although the ab111ty to accurately locafe collisions is of basic importance, it is only

. a tool to be used in reducing collisions, and the resources committed {o developing the
tool should be reasonable. The maintenance and operation of the whole location pro-
cess in future vears was considered an important part of the totalcost, which had to be
balanced with the initial investment. Thus, 2 procedure that might ehnunate the need
for reference markers in the field would be demmble only if the subsequent cost of
the office coding of locations was less than the cost of the markers.

Existing Method of Collision Location

For several years in Maine, some excellent work in accident data collection has
been accomplished, especially by the state enforcement agency, the Maine State Po-
lice. In this state, collisions are reportable if a personal injury results or if total
property dumage exceeds $100, The state statufes require that the police agencies
- investigating aceidents file standard report forms with the State Police Headquariers
and that drivers file similar reports. Tor the most part, driver reports are not used
by the State Highway Conunission. The Maine State Police have had the responsibility
for processinyg the basic information. In 1966, a tolal of 21,000 accident reports were
filed with State Police Headquarters. The level of reporting is considered to be rea-
sonably good, althoupgh specific areas of underreporting have become clear as the ac-
cumulated data in the new system have become available.
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Prior to the development of the new location procedures, the accident report form,
which is standardized and used by all state and local police departments, contained the
following location information: {a) city or town name, {b} county name, {(¢) name or
number of streel or highway,. and (d} distance and direction in miles and tenths to a
landmark,

Police were instructed to measure the distance from 2 landmark to the collision
site using the vehicle odometar and alsc indicating the appropriate direction. They
were encourayed to use intersections of US- and state-numbered highways as "land-
marks." Experience in using the data had defined the foliowing kinds of problems:

1. Locations based on the name of & business or residence.
. 2. Locations based on a street or highway name that does not appear on available
maps, i -
Locations referenced by utility pole numbers. .
Locations that were long distances from the reference landmark,
Errors in the direction from the landmark to the collision site.
Vague or incomplete data.
Estimates of distance rather than measurements,

N

H

~1h oen H L

In short, the location data, as available, did not provide the necessary accuracy or
adaptability to machiné processing to accommodate the expanding needs of the Maine
State Highway Commission and other state agencies. For that reason, early in 1967
the State Highway Commission decided to esteblish an interim records system that
would staisfy the needs of the Depariment until such time ag proposed modifications
to the existing records system were completed.  As a beginning process, copies of all
1966 source documents (police reports only) were obtained, and those accidents that
could be located on the federal-aid and state highway systems (approximately 4,600
miles) were processed onto punch cards for environmental analyses.

This work provided the opportunity to test some of the recommendations made in
an earlier study of the entire accident records system, and these are described in a
later section.

Comparison of Alternative Methods

The first step in selection of the accident location method was to review the proce-
dures that have been developed in other states, Areview of theliterature and personal
contacts with some of the siate highway departments revealed four basic different
methods of accident location then in use or under development, as follows: (a} route
number and accumulated mileage (reference markers at regular intervals), (b) route
number and accumulated miieare (reference markers at irresular intervals), (¢)
route number and accumulated mileage (no reference markers), and (d) coordinates.

The most comnmonly considered method of accident location was based on route num-
bers and accumulated mileage, with signs posted at specific intervals (usually one
mile). In iis usual form the signs showed the mileage for a particular route beginning
at the state line and accumulating throughout its entire length within the state. To
indicate the location of a collision, the police investigator must observe the mileage
signs on either side of the sife, or otherwise must be aware of their sequencing, and
then measure the distance to one of these sign locations, He adds the distance mea-
sured (usually to the nearest one-fenth mile) to the lowest signpost number and re-
cords it in this fashion. Measurements are commonly done with vehicle odometers
reading in one-fenth mile increments.

Several problems were apparent in the application of this procedure in Maine, The
first of thesc concerns the difficulties that are encountered with overlapping route pum-
bers.- A considerable portion of the stale highway systemn carries more than one route
pumber. In order to retain the ability to easily recall data for a particular route, it
would have been necessary to provide for considerable manipulative ability, which
would have reduced the ease of data handling. Changes in the route locations would,
of course, create some reporting problems on the local level, but the entire mileage
of routed highways, which is changed from one location to ancther, is usually quite
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small in any particular year, Changes in the length of a particular route because of
reconstruction or relocation would, however, have a significant elfcct on the proce-
dure. It would require the reposiiioning of a subslantial number of sipns in ihe ficld
to mainiain the conlinuily of the sysiem or as an allernate solulion the use of additional
cquations. In urban arvcas, the reporting of accident locations on Lhe basis of roule
number and aceumulinied mileage would be inadequate and further information would be
required. It was realized that the accident problem is urban oriented to a sipnificant
degree, even in the rural State of Maine., The last and perhaps the most serious dis-
advaniage of the regular mileposting procedure isthat the localions that arereferenced
in the field have little or no significance in terms of changes in the environment. The
locations are strictly controlied by the posting interval and arethus not the place where
traffic volumes or highway design and operaiing elements change, Obviously, if the
locations that are referenced by signs in the field have some significance in ferms of
a change in the environment, then the future data processing costs will be reduced.”
The best example of this is the problem of recalling a particular intersection or group
of intersections. This is a fask that Maine's Planning and Trafiic Division is most
frequently required to accomplish. Under the milepost procedures, efficlent recall of
accident data at specific intersections would require the preparation of a comprehen-
sive listing that showed the mileage location of each and every intersection. The cost
of this correlation would be significant, and it is not clear that adequate resulls could
be obtained for complex intersection configurations, It would be necessary to search
at least two, and possibly three, different route numbers and accumulative mileapge
figures to be sure that all accidents are recalled for the specific location.

The posting of route mileages at existing landmarks occurring at irregular inter-
vals would eliminate some of the disadvantages of the regular interval posting. . Sev-
eral states, which are using this procedire, post accumulated route mileages on signs,
bridges, utility poles, and at intersections. Thus, it is theoretically possible to choose
the locations for the field reference markers that have environmental significance. The
freedom of choice, however, is reduced considerably in rural locaiions., Considerable
use has to be made of traffic signs as locations for field referencing, Since these
signs tend o cluster rather than occur uniformly over a given strefeh of highway, and
since signs are not permanent in nature, it was felt that the method had serious draw-
backs for use in the siate, even though reference marker cos{s are lower. A com-
plete sign inventory is not available to the Planning and Traffic Division, and thus de-
sign of the leocations would have had to be accomplighed in the field. Such a procedure
would also be somewhat more difficult for the policeman to use in the field, but this
was not a major consideration.

The third possibility for an accident location procedure was to use a route-number
and accumulated-mileage system, which is based on very detailed straight-line dia-
grams of the entire highway system. Several states are using this procedure with ap-
parent success. In one case, the accidents are coded in the field by the police officer,
which reguires distribution of maps to all accident investigators. In anocther case, the
location coding is done in the office based on the usual data reporied by the police auth-
orities, In both insiances reference markers in the field are not a part of the system.
The preocedures would have been difficult to apply in Maine, due to the lack of suf-
ficiently detailed straighi-line diagrams. In addition, the original problems of data
handling with the mileposting procedure are still in evidence. From 2 long-term cost
standpoint it was felt that the cost of installing and maintaining field reference markers
would be less than the cost of coding all accident locations in the office.

The last concept, which was under consideration by several stntes, is based on the
use of coordinates in stating collision locations. A major advantage of this procedure
is that it is readily adaptable to mechanical plotting., Two basic possibilities exist for
using the method. The first would involve preparation of a series of maps with co-
ordinate grids superimposed on a considerable amount of topographic and cultural de-
tail. These maps would then be distributed to the investigators who would determine
and report the coordinates of the collision locations. An alternate procedire weuld in-
volve the coding of the locations in the office using the same maps. The former ap-
proach was ruled out, since many problems had been encountered with the data on

- 127 -

e i i g et e,




locations as currently reported by the police investigators, and it was felt that major
innovations in fhe reporting process would be required, The first approach, involving
the distribution of maps to the police investigators, was thought to be too cumbersome
and complicated for the average investigator. In addition, the corrclation of accidents
with highway design and operating clements would require a complete digitizing of the
highway system, a long and costly process. Development times for either of the two
approaches were considerable and would have meant substantinl delays in this portion
of the wraific safety program,

In an effort to combine some of the advantages offerad by the different alternates,
the Planning and Traific Division decided to evaluate a proposal that accidents be lo-
cated on the highway system according to a simple nodal prineiple, The proposal
called for numbering and posting in the field of all major intersections on the highway
system, as well as city-town lines, urban lines, railroad grade crossings, and majoxy
bridge structures. The concept was adapted from the highway planning process that
slmulates highway networks on a nodal basis for {raffic assignment purposes. Under
the procedures proposed, the policeman would indicate the accident location by one of
two processes, depending on the location. If the accldent occurred ai an intersecticn,
then the number of the intersection is all that needs to be recorded, If the accident oc-
curred between intersections, then the police officer is instructed to record the inter-
section numbers on either side of the location and measure the distance to one of the
two intersections. '

For the policeman, the concept of accident location as presented by this method is
- very similar {o the concept now used; that is, he is locating the accident site by refer-
encing it from a known landmark. However, since the frequency of these landmarks
was to be greatly increased, the distance that has to be measured is considerably de-
creased, with more accurate results. The confusion concerning the direction from the
- landmark to the accident site is completely eliminated by the provision for recording
. intersection nunmibers on both sides of the accident site. The method is adaptable to
rural and urban lecations, and is particularly valusble on limited-access facilities,
where individual ramps can be posted according to the same basic principles as cther
roads. The processing of the data using the method entails 2 minimum amount of
work. - In the first place, location of the accident is reporied in numerical form, which
is computer criented. Only keypunching and a minimum amount of editing is required
to put the data in computer format, Second, the ease in handling the data would be
considerably enhanced. It becomes an easy matter, for example, to recall accidents
at any particular intersection or group of similar intersections. By the same token,
accidents can be easily recalled for routes, combinations of routes, areas, or highway
systems. The adaptability of this accident location procedure to the highway planning
process is evident. The procedure is also adaplable to some of the more sophisticated
proposals for route identification and guidance. Work now in progress by the Federal
Highway Adminisiration indicates that such systems will be based on the identification
of decision points {iniersections) on the highway networks.

it is emphasized that the method of identiiying intersections is adaptable to descrip-
tion by coordinates, and il is possible that the coordinates of each node will be estab-
lished at a later date as the mechanical plotiing process gains importance,

DESIGN OF THE ACCIDENT LOCATION SYSTEM

Map Numbering Sequence

The {irst element in the design of the node-link system was a careful review of the
different possibilities available for numbering the field refrerence points. It was felt
that the procedures developed should be readily adaptable {o the entire street and high-
way mileage in the state, even though the first concern would be limited to the 4,500
miles of federal-aid and state highways. This decision, coupled with the desire o
maintain four digits as the maximum on the field reference markers, meant that the
numbering sequence would be unique on a county level. Thus, a total of 10,000 loca-
tions would be the capacity for each county. Final design and production of the neces-
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sary location maps showed that approximately 10,000 locations would be signed initially
on the 4,600-mile federal-aid and siale highway systems.

A total of six alternate numbering schemes were reviewed in some detail., Most of
the schemes revicwed carried information identifying the highway sysicm and the urban-
rural classification. There were significant variations in the number ranges reserved
in each group and the ordering of the number ranges. The scheme finally selected car-
ries only the system designation as follows:

Reference Marker

Highway System Number Range |

Maine Turnpike, non-Interstate ' 9700-9959
Interstaie Highway System (state highway) , 9000~969%
Federal~aid primary highway system (tate hiéhway) 7000-8997 )
Federal-aid secondary highway sysiem ftate highway) 5000-69%7
Federal-aid secondary highway system (stafe-aid) S000-5999
Non-federal-aid highway system (iate highway) . 4000-499%

The sequence as designed provides for {a) ease of sorting by highway system, (b)
continuity of numbering along major routes in each county, and {(c) expansion of sys-
tem capacity by at least a factor of 2.

Numbering generally was done in ascending order from south to north and west to
east along routed highways. The limited-access facilities have been treated as two
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Figure 1. Typical occidenr location map.
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TABLE 2 separate roadways and numpered ac-

FREQUENCY OF REFERENCE MARKERS cordingly with reference markers also

] No. of : located at ramp terminals. Reference

Counly nmn:;lay System Refereace  Lucations pmrkers llmve 50 been located at the
tileage Marker - perMile - jptersections of directional roadways

within major chamelized intersections.

The base maps for this project were
existing general highway maps prepared
and maintained by the Highway Commis-~
sion. The rural series (scale 1inch =

1 mlie) contains a considerable amount of culture, while the urban series {scale 1
inch = 600 feet} penerally presents only street names route numbers, rivers, rail-
roads, and major public buildings.

Table 2 summarizes the total number of field reference marker locations in each of
the 16 counties as compared with the miles of highway on all of the gystems considered,
The irequency of reference markers is directly related to the degree of urbanization,
and this is c¢lear from the data in Table 2. Androscoggin, Cumberland, and York
: counties are the most urbanized counties in the state and have the highest marker ire-
L guencies. In no case was the distance between reference markers allowed fo exceed

' 1 mile in urban areas or 2 miles in rural areas. Where this would have cccurred,
due to the absence of an intersection, bridge, railrcad grade crossing, or city line, a
dummy location was established. '

Table 3 summarizes the numbers and percentages of each type of location field ref-
erenced. Itis noted that intersections account for approximately 80 percent of the
{otal. '

York 321 1,217
Total 4,526 10,119 Avyg,

; Androscoggin 167 680 3.6 )
[ Arovstook T4 1,074 1.5 . ey
Cumberland 159 182 2.8 Preparation of Maps
Frankli o243 320 2.8 P
rama Subsequent to defining the rules for ;
Huancock 264 585 2.2 bepi f ; i i oh
Kenneboc 323 243 26 numbering reference points on the high-
Knox 88 256 2.9 ways, the Highway Commission prepared ;
Lincola o1 . s 8 3 series of 162 maps (Fig. 1) showing the i
Oford o u Rt 4% locationof each reference marker. These :
Piscataquis 145 220 15 maps were produced toassist inthe field
Sagadanoe 98 253 2.8 installation phage, as well as {o provide ’
E;uﬁrset rigg ' ggg ig a test of the location proecess (without
aido - - - £
Washington 136 534 16 benefit of reference markers inthe field).
3.8
2.2

Test of the Location Process

The next step in the development of the records system was the ¢reation of an ac-
cident records file for the federal-aid and state highway sysfems using the accident
location process as previcusly deseribed, It was recognized that the process itself
should be subjected to a thorough test prior {o aninvestment in field reference markers.
In addition, there was a pressing need to create an accident records file of data for
use in current programs. Obviously, the installation of the field reference markers,

TABLE 3
SUMMARY OF REFERENCE MARKER LOCATION TYPES

. No, of Percent of

Type of Location Occurrences Total
Interseeclions {and urban boundaries} 8,203 81.0
Railroad prade crossings at intersections 43 0.4

Railread grade crossings belween intersections 167 1,7 N
Bridges 572 5,7
City, town lines . 764 7.5
Dummy nodes 370 3.7
Tolal 1,119 100.0
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Figure 2. Reference marker installation.

the changing of the accident report forms, education of the police investigators, and
the accumulation of several years of accident records would be a time-consuming pro-
cess. To overcome these difficuliies, a decision was made to establish a records file
using existing accident reports (i.e., the previous year, 1966), Photocopies of ali ac-
cident reports (police) for the calendar year 1966 were obtained and processed. Lo-
cations were fixed as accuralely as possible with the existing data, and those collisions
occurring on the federal-aid and state highway sysiems were recorded on panch cards
for rapid analyses., The Highway Commission has continued to receive and process
copies of the original source decuments during 1867 and 1968,

In general, the coding project was a success, even though it was clear that the ab-
sence of field reference markers reduced the accuracy of the location process for the
1966 and 1967 data. The feasibility of the process has been established, and a work-
able file of accident records was then available. Prior to installation of the field rei--
erence markers, the location coding utilized business and city directories, commer-
cial maps, and even telephone calls to local agencies, in addition to the routine data
on the report form.

Installation of Reference Markers

Once the "map fest'" of the methodology was successfully completed, the Commis-
sion adopted the procesg and decided to install the field reference markers on the en-
tire 4,800 miles of federal~aid and state highways. A total of 20,000 markers were
fabricated in the state sign shop utilizing 3-inch numerals (silver) ona 5 by 10-inch
sign blank (green). Each field installation consisted of two markers on a single sup-
port. Erection of the markers was accomplished during the winter months of 1967~
68 by state crews attached to the Planning and Traffic Division (Fig. 2).. Existing sign
structures were utilized in approximately 60 to 70 percent of {he installations. This
phase of the program cost a total of $57,000 and was partially funded by the National
Highway Safety Bureau,
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TABLE 4 - Initial Experience
STATEWIDE ACCIDENT DISTRIBUTION, 1066

During the period of field instal-

Number of Locations lation of the reference markers,
N :z;i)a:lim Nodon Linle the Maine State Police, which
! serves as the central records
Urban Rural All Urban Rural All agency modified the standard re-
s anda
1 717 169 1,088 991 1,500 2232 port form to provide for direct re-
2 249 112 361 309 563 872 porting of accident locations. by
3 118 34 153 104 235 338 de-link identificati At 11
1. =3 18 o1 33 194 179 node-link identification. e
5 45 4 49 27 58 82 same time, additional changes in
6 28 2 28 12 22 34
7 ” : b 1o 12 ap  the .I‘epOi‘t form were _m'ade and a
8 4 - 14 5 8 11 © series of regional {raining sessions
9 9 - 9 1 3 4 scheduled to instruct state and local
104 44 - 44 8 4 10

police officers in the use of the new
form. Initial resulis with the sys-
“tem have varied. Few problems
have been noted where the system is used, but some of the local police agencies had
not been consistently reporting locations using the node-link identification. The State
Police, who account for approximately 50 percent of the accident reporis, are using
the system consistently and with no apparent problems. Additional training and ori-
entation sessions with individual local police departments have been held to encourage
use of the node-link system and thereby further reduce the office coding burden toa
minimum. These efforts have been most encouraging. In addition to location-to-
location data, 49 columns of other information are coded on the keypunch form. Of
the total of 21,281 accidents reported to the central agency in 1866, 11,948 or 56 per-
cent were located on the 4,6800-mile federal-aid angd state highway systems (22 percent
of the total mileage). All coding, punching, and editing of the 12,000 reports that are
processed by the Commission's Planning and Traific Division consume 1% man-years
of effort ammally, Coding of the data makes up most of this total, and a significant
part of the coding task involves the manual checking of location data and a comprehen-
sive classification scheme. In summary, the inilial experience with the process has
been good, and the small cost of data processing suggests a high level of operaticnal
efficiency. :

Use of Accident Data

Prior to the development of the data described, all principal accident studies done
by the Commission’s engineering staff required the use of the original report form
document and involved large investments in searching and processing of the data. This
problem, combined with the inaccuracies of the then existing location methods, se-
verely limited the use of accident records. The availability of computerized accident
information accurately located on a systemwide basis has effectively removed these
restraints. ’

Early work with the collision data involved summaries of accident freguencies by
highway system and type of environment, One of fhese sumnmaries appears in Table
4 and consists of a distribution chart for urban and rural nodes and links for the year
1966, A total of 11,000 accidents are represented by these data, with 64 percent oc-
curring on links and 36 percent at nodes. It is interesting to note that this preliminary
information shows a much greater dispersion of link collisions as compared to those
that oceur at nodes. Approximately 18 percent of all nodes had one or more collisions
in 1966, as opposed to 40 percent of all the links. It seems clear from these data that
more than one year's information is necessary to satisfactorily identify high-frequency
locations, particularly in the case of nonintersection locations,

In the shorf time since they became available, the data have been used for a wide
variety of projects. The following represents a partial list of completed projects:

1. Comprehensive listing of high-accident links and nodes based on travel volumes
followed by field reviews.
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2, A study of bridge accidents.

3. A study of fixed-object collisions.

4. A study of collisions involving animals.

5. Analyses of specific locations initiated both internally within the Highway Com-
o mission and externally by other state and local agencies.

A recently completed project has established the framework for future data systems
that will be uged for the correlation of collision records and highway design and op-
erating variables, Expansicn of the data is now underway, as is a first step research
project that includes an examination of at least the following relationships: {(8) colli-
sion severity and collision type, (b) collision rate and intersection confipuration, {c)
collision rate and type of traffic control device, {(d) collision rate and access control,
and (e) collision rate and traffic volume,

o
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FEDERAL HIGHWAY ADMINISTRATION
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WASHINGTON, D.C. 20591

Coordinated Data System
for Highway Planning

. By
William E, Blessing, llighway Research Engineer
Hethods Branch
Current FPlanning Division
Office of Planning

THTRODUCTION

- The Current Planning Division cenducted a review of highway planning

electronic data processing in 43 State highway departments during
the past year and a half, This review showed that, in many of ihe
planning activities, improvements could be made in the manner in
which computers are being used.

Two reasons that possibly explain why such improvements have not
been made are:

1, Planning peopie nave not been sufficiently familiar with
computer systems analysis or programing technigues. Consequently,
few changes have been made in the processing steps when a manual
operation has been converted to a computer oriented operation.
Insufficient consideration has been given to the interdependencies
of data reguirements among the different planning activities.

The data processing people doing the conversion work have
known little abeout the interdependencies, usually because they had
not been advised by the planning pecple and because they did not
have time to study the planning requirements. The result has been
that & program develcoped to convert an operation mercly performs
by computer the same steps that had been done manually.
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2. Until sbout two years ago, many plannihg divisions had sccess
only to computer systems that essentially restricted users to card
input and output.

Since the processing of vlanning data generally involves a
need - -for a large input and output of records, this restriction caused
considerable difficulty to planning people using those computers.,
Many States now have computers, or.are getting computers, with the
potential to handle practically all planning processing needs, but
planning people are still trying to use the equipment in the same
way they did with older, less versatile compuber systems. This
report describes a system that should result in more efficient use
of computers to process planning data.

TYPES OF DATA IN'THE SYSTEM

Planning data may be grouped into two categories - that which can be
» related to the readway and that which cannot. ‘

1. The first group includes road inventory, traffic charac-
teristics, condition rating, road 1life, historical maintenance and
accident information. It is suggested that a separate file be made
for each of these kinds of information, However, road inventory
data should probably be broken into four files: one file made up
of culturael dala, one with roadway characteristics, one with peometric
dota, and one contoining administrative systew information and loca-
ticns of Jurisdictional boundaries., The system should also include
a file of map coordinates, which are related to the roadways, to
provide for graphically displaying any of the planning data.

2.. The second group inciudes information on finances, cost
indexes, and highway statistics, Although these data should also
be in separate files, the retrieval of data from them will be done
on a different basis from that for the first group. These are
essentially individual files. that are not directly related to other
files @s in the first group. The basis for retrieving data items
from files in the first group is always the roadway, regardless of
. the items wanted. For the second group, the basis is whatever item
of data is needed and that item will vary from user to uscr.
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INDIVIDUAL DATA FILES

A "Coordinated Data System” is based on establishing coordinate data

files. A definition of coordinate is "equal in rank or order." The
several cliasses of highway planning data, such as road characteristics
and traffic volumes, are considered to bLe equal in importance and usew
fulness. Each class of data should, therefore, be stored in a file
that is equal to, but separate from files containing other classes of
data, Each file should not contain more than one class of data and
all date elements in the file should pertain to that one class.

Usually, there are several sections in the planning divisions, each
responsible for collecting and processing some class of data and for
supplying these data to various users. In many cases, these users
are coding, storing, and processing the same data elements, thus
duplicating each other's efforts. In the Coordinated Data System,
the scction which collects the data is responsible for maintaining
the basic conmnputer file of those data,

Many of the several classes of planning data are related to roadways.
In rccording observations of these data along the roads, there are
points where characteristicg of ‘'the data change, causing new values
Lo be recorded. These points of change, or breaks, must be recorded
relative to one ancther,

When the data are relanted to the roadways, the breaks should be
reyresented in a computer file as. the information about the roadway
actually exists. This is illustrated in Figure 1, The breaks, or
lengths between breaks, are not necessarily the same for one class of
data as they are for another, nor are they the same for one user as
they are for another. It is difficult for the data recorders and users
10 agree on breaks compatible to each of their needs. Thus, each one
cordinarily changes the breaks to fit his own requirements, IHowever,
too often breaks are based opn user considerations rather than on what
actually exists. This causes data observations to be broken into more
lengths than necessary, resulting in duplications, extra coding, and
a loss of flexivility.

An advantage of separate files is that they allow the breaks to be
recoraed and stored for each class of data in the way they are deter-
nined when data are collected,

By having separate files for each class of planning data, duplication
in data handling can be reduced, the data file can Le more current,
end uniformity can be established in the basic data that are used by
different groups. This is possible because newly collected infor=-
mation does not have to be distributed to all users, some of whom may
not update their files with the new information immediately.
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Figure 1, Storing Roadway Information as It Exists




Several States use to advantage 3 single planning data file containing
all classes of data., However, it should be noted that the more kinds
of data in a file, the more times the file is out of circulation for
updating and processing and the more times the entire file is not
svailable for either of these uses. This point is illustrated in
Figure 2,

CORRELATION OF THE DATA

1. Common reference hose,

There must be a way to tie the separate files topether so
that data can be cowbined by computer to produce analyses and reports.
This 1s done in the Coordinated Data System by relating all data to
a common base of reference. Since the dats are related to the high-
ways, il follows that the reference base should be the highways,

.The method used to relate data to the highways should be simple
to use for persons collecting and recording the data and flexible
enough to allow correlation of several classes of data through computer
processing. The following sections are concerned with approaches to
this problem. '

2. Location reference system.

Persons recording data observations along routes must have a
method for locating themselves along the routes, This method may be
“termed a location reference system, It provides a means of uniformly. -
reporting locations of data observations, for finding the locations
‘Of previous data observations, and for giving rotorists information
about their highway location. .. _— : ' '

A location refercnce system provides information about the
location of specifiec points along a route. 'The location of non-
specific or in-between points iIs determined by measuring from the
specific points which is discussed under "Loccation of Data Using a
. Common Base of Reference.” :

Different kinds of location reference systems presently being
used or under consideration are reviewed in the Tollowing sections,

a, Uniformly spasced mileposts. The most familiar kind of
refercnce system is the one in which mileposts are placed along the
roadway at even milepeoints, the distances between the mileposts
~usually being the same. This has been the most widely used location
system, Mileposts are normally installed on teoll roads and have been
placed on meny Interstate highways as well as on Primary State high~
way routes, in some States.
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SEPARATE DATA FILES
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Figure 2. Separate Planning Data Files versus A Single File
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The mileposts are usually signs that vary in size and
shape from one State to another., The information provided on the
signs also varies from State to State. The route number and the
milepoint{ are always included. Usually a county name is given,
aithough this may be a county number. A description of the type
of signs used in 19 States may be found in a publication of the
Insurance Institute for Highway Safety entitled, "A Summarized
Review of Mileposting on utate Maintained nghways in the United
States.

Advantages of the uniformly spaced milepost method are:
the method is familiar to many people; the location information is
provided for the motoring public; and the uniform spacing means that
one knows he has to go no farther than a fixed distance, usually one
mile, to find & milepost,

Two disadvantages associated with uniformly spaced mile-
posts are: any construction change that shortens or lengthens the
route will require a relocation of all mileposts thaet follow the
change, and the placement of the milepoints creates a problem for
-maintenance forces that must work around them.

b, Nonuniformly spaced mileposts. 2/ A system similar to
the uniformly spaced mileposts is the nonuniformly spaced mileposts
system. The only difference is that signs are not necessarily at
even mileposts, but are spaced irregularly. The type of installation
is the same as noted for the uniform mileposts.

One disadvantage of this method is that construction changes
necessitate a change in the sign, although in this case, the sign infore
mation alone can be changed and not the sign location, Again,maintenance
forces have the problem of working arcund the signs unless existing signs
and features are used. If the latter is used, it is probadly difficult
for the motoring public to find the information unless they are educated
in the system. :

Two States have made use of existing signs along the roade
vay to serve as mileposts. Mileage information is printed on some
meterial which is then sttached to the back of the existing signs.
(One State uses a reflective materisgl and the other aluminum strips).

c. Reference posts. The reference post method is similar to
both the uniformly spaced and the nonuniformly spaced milepost methods.
The bipg difference is that reference posts do not carry route or milew
point numbers but carry instead an identification nuwmber. The actual

i/ The report, "Highway Design snd Operational Practices Related to
Highway Safety,” by the Special AASHO Traffic Safety Committee,
dated February 1967, refers to this kind of milepost as reference
markers,
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locations of the signs sre kept in central office records which show
the county, route, and milepoint associated with each identification
number.

The major advantage of reference posts is that changes in
lengths of a route or in a route designation do not cause changes
either in the location of the reference posts or the information shown
on them, The central records are revised to show new route or mile-
point numbers for the identification numbers (reference posts).

A disadvantage is that location information is not provided
to the motoring public for their direct use. The problem of the main-
tenance forces having to work around the signs exists for this methed
too. - )

. d., Route special feature log. There are no signs or posts
connected with the route speclal feature log method. Instead, =
straight line diagram or a log 1s kepit In the central office of the
milepoints associated with special features on a route. "These are
usually intersections and bridges, but could include monuments and
other well established polnts along a route,.

The log or straight line diagram, which is used by field
personnel of highway departments and law enforcement officials, gives
basically the county, route,name and milepoint for each special feature.
These special features are analogous to the mileposts in the irregularly
spaced milepost system and the log 1s analopous to the information on
these mileposts.,

The advantages of this system lie in the fact that no signs
are needed, This means no installation costs, no changes because of
construction or renumbered routes, and no maintenance problems.

This method does not give location information to the
motoring publiec. The log or straipght line diagram must be maintained
on & current basis. This requires that revised sheets of the log or
straight line diazpgram be sent to people using the system and that they
replace old sheets in their possession with the new ones. '

e, Coordinates, Another procedure that has been tried is that
of using coordinates, usually State plane coordinates, to locate points
of data observations. This method has been congsidered in connection
with acecident location. There have alsc been attempts to record
locations of traffic and inventory secticns by coordinates in corder
Lo tie these data to sccident records.

. Location of data in the field by use of coordinates
regquires a map along with a template or scme other means of scaling
the coordinate location on the map. A variation, which has been
considered in onc or two States, is to record a distance and direction
from a peint nuving knowh coordinaves and Lhen compute the actual
coordinates of the desired point in the central office,
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The rajor advanture of using coordinates is thal w
coordinate is n Tixed point in space and is unaffected by chanpges
in route lensth or name. 'lhus, a point on a route lecated Ly a
coordingte identification is always loceted at the same place
regardless of route changes.

There are four major problems associated with the use
of coordinates as. location identification:

{1} Special eguipment and, in many cases, training
is required to get the coordinate of a position.

(2) The process of getting a position coordinate is
a slow one when compared to other methods. This
makes it impractical for a field crew or even an
office force to use this procedure for recording
locations of planning data along highways.

{3} From a data processing standpoint, coordinate
identification makes it difficult to sequence
‘ records in their proper relation tc one another.
e Further, if data are wanted between any twvo
points, a manual effort is needed to determine
the coordinates of those two points.

(k) fThere is no location information available to
the motoring public.

f. Host favorable systerm., Whatever system is used, an
education process is needed to teach people to useé the system
properly and an updating process is needed -to keep the location
information current. '

Thus, making a decision as to which system is best requires
consideration of the costs of installation, the educational effort
required, the flexibility of the system {since it must be a practieal
procedure for locatine all types of data), and the costs of keeping
information current and accurate. A consideration of the extent to
which the motoring public is served may alsc be pertinent.

Frbbably the most econcmical and practical method is to
use reference posts. An educational effort con teach people, includ-
ing the motoring public, to measure and report locations using
reference post numbers as well as they can using mileposts. Addi-
tionally, the rcference post nurmbers can be a combination of route
numbers and milepoints, or Just mileroints such that they closely
reflect the actual mileages, unless a route was lengthened or
shortened by a large distance. Generally, the numbers will be
sufficiently accurate that the motoring public will still be pro-
vided with useful information., Also, the numbers could be the State
plane coordinates of the reference post location, if desired.
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It may be easier, or possibly necessary, o locate certain
data by route and milepoint. It should be recognized that data can be
related to the roadway by a combination of any of the metheds described
and still be compatible since the reference base is the sane.

[ 3. Location of data using a common base of reference,

Part 2 under CORRELATION OF THE DATA described ways to locate
e ‘roadway charscteristics in the field. This part of the report will

’ -cover ways of identifying in data records the location of data
relative to the rosdway for data processing purposes. The following
preocedures provide the means of coordinating several different plan-
: ning data files effectively even though the files are physiecally

v separate, ‘

a. Route and milepoint. FProbably the simplest and nost
familiar method of relating data to routes is to use route numbers
and milepoint identifications in all data records.

With this method, every record in the data files is related
to a route by recording a route number and to a section of that route
by recording a beginning and ending milepoint, or a milepoint and a
! section length, Figure 3 1llustrates this procedure by adding a
: ‘beginning and ending milepoint to the records. It should be noted
that there is no record in either of the flles having both beginning

" and ending milepoints that are the same as the beginning and ending
milepoints in any record of the other file, The milepoints in Figure
3 were chosen to illustrate how a group responsible for one of the
files may record necessary milepoints and te show how it is unnecessary
to match the breaks that were chosen by another group that is responsible
for maintaining another file. The milepoints are the distances from an
origin point on a route.

There is some opinion that the origin point should be at
the beginning of each route in a State. However, many people think
the origin points should be at every county line. If the latter pro-
cedure is used and if data are to be represented in. storage as they
exist on a route, a code must be provided in every data record to
sequence the counties along that route. ~Such a seguencing code is
necessary also for the control sections that are presently being used
in several States,

(1) Provlem of changes in route length. Two problems
are asgociated with the use of milepoints and
route identification.

&, Construction changes which lengthen or shorten .
a route make obsolete the milepoints previously
used in the data records affected by the changes,
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Figure 3, Relating Information to the Roadway With
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same. As changes are made in the length of =z route,

b. A change in the designation or number of a
‘ route makes obsolete the route's identification
in the data records.

Many records would have %0 be updated because

of these chonges; and yet, information about

the route before the changes would need to be
kept for historical purposes. One way to solve
the first problem is to use equations. Another
solution is to change, by computer program, all
the records in each file so they contain the

new milepoints caused by the construction changes.
liowever, both solutions would require every file
to be changed. Additionally, the last solution
would change the relationship of the files to any’
location reference system in the field.

A method to solve the problem of route number
chunges is to have a computer program that will
write every record with the o0ld rcute number in-
to a historical file and update the cxisting
records with the new number. Again, this would
cause ' a loss 1n efficiency because every data
file would need to be changed.

Missouri's method, Other solutions can probably be
developed for these problems. One solution has been
devised by members of the Missouri highway depart-
ment's planning division,

Corridors across the State are formed from latitude
and longitude cocrdinates. These corridors are given
numbers, odd from west to east and even from south to
north. The number of a corridor where a route begins
in the State is used to get a basic route number.
Certain control milepcoints along the route are
associasted with the basic route number in a control
file., These points are equated with the current
route number and the current milepoints for those
points, Initially, the milepoints for both basic

and current numbers on the same route will be the

the basic milepoints will equal a different current
milepoint. The same kind of equality occurs with
the basic and current route numbers.

A record is coded for entry into a data file by
identifying current route number and current mile-
points. The updating program converts this identi-
fication into the basic route number and basic mile~
points from the control file and enters the record




into the data file with basic identification. Data
are retrieved from the file in the same manner.

This method has two good points.

a. Only one file must be updated with changes
in route lengihs and numbers.

b. No matter what the current milepoints and
* route designations change to over the years,
data are stored and retrieved for the sanme
sections of rocadway, This is illustrated in
Figure h.

With a method such as this, it is possible to
determine the period of useful historical data
for each file in the system, two, three, five,
Or Hmore Years, and'carry data for these periods
on the seme file as the current year's data.

+b. Milepoint computed from reference post locations., Another
method that iIs relatively simple from the standpeint of recording data
in the field involves coding a distance end direction from a reference
post and the reference post number. This information is then used by
a computer program in conjunction with the reference post location file
to compute and store route and milepoint jdentification in the data
records.

, The statements made in section 2. {c) on page 7 also apply
to the records developed under this method. The principal advantage
of this method is the ease.of location and recording of data in the
field, The field crews do not have to know what the actual location
or route number is, only the reference post number.

A disadvantage is the fact that every different route
must have at least one reference post, including very short side
routes,

¢. Length identification using reference posts, A variation
of the method just discussed-gives the same simplicity and greater ’ -
flexibility. %he procedure is to store in the data records, as the
location identification, the distance and direction from a reference
post and the reference post number. This may be done for both ends
of a road segment or for Just cne end. In the latter case, the
length of the segment is stored.

The milepoint locations of the segment ends are computed
by using the reference post location file. Thus, this method does
allov for retrieving data with a milepoint specification,
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An advantage of this method, besides the ease of recording
in the field, is that the records in the data files do not have to be
changed when there is a change in the route length or in the route
number. BSuch changes would only affect the reference post location
file. This would then require only making changes in one file as
compared to having to change many other data files that would be
affected under other methods.

d. Point identification using reference posts. Another
method is to store in a data record the distance and direction from
g reference post and the reference post pumber, of the point where
some data characteristic changes, that is, at a break in the data,
The data in the record is representative of the roadway until the
point is reached where the data changes. At this point, another

record is stored with the point locoted as described above.

As in the previcus method, the actual milepoint would be
computed from a reference post location file,

This method allows simple field recording, and data records

in the files do not have to be changed because of changes in route

location and number. There is an additional advantage with this method,
new data records can be inserted anywhere in any file without changing
any other record., With any other method discussed, insertion of a new
record would cause at least one existing record and possibly more to be
changed with regard to length, '

e. Most favorable loecation identification method., Of the

' methods discussed, either of the reference post methods is believed

to have the most flexibiliity. The reference post method using point
identification is probably better for updating or file maintenance,
since records in a file can be added with no affect on other records.
The reference post method using length identification may have an
advantage from a processing standpoint, since a segment length is
1nherent in each record and it is not necessary to’ read the next
record to find the segment length.

Either of these methods cen be used in conJunction with
records identified by route and milepoint. The common reference base
makes the identifiecation methods compatible for data processing.

v
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EXAMPLES OF HOW THLE COORDINATED DATA SYSTEM WMIGHT BE USED

1. Route and milepcint identification

Assume that a series of separate data files have been e4% .lished
63 discussed in this report. Also assume that two of the files sontain
road characlteristies data and traffic characteristics data that are
related to the roadway through route and milepoint identification in
the data records. This is shown in Figure 3.

Although not shown in Figure 3, assume that there is a file of
eccident data for accidents that have occurred at several points along
the route, and a file of condition ratings that includes records for the
route between milepoints 10.00 and 12,00, between 12,00 and 12.98,
between 12.98 and 13.08, and between 13.08 and 1k,59.

: Finally, assume that some department head wants to know some-~ i
thlng about Route 22 between milepoints 11.00 and 13.00. Say that he

wvants to have information about the accidents that occurred during the

past year in this 2-mile section. He also wants to know about the

"surface widths and the adequacy ratings between the given points,

A computer program takes the given milepoints and the infor-
mation wanted as control parameters. It then retrieves the appro-
priate data, and prints the desired informetion. The printed output
for this case could lock something like that shown in Figure 5, keeping
in mind that the numbers shown are arbitrary.

The example used was to answer, via a special purpose computer
program, a reguest for certain information that is derived from a
particular section of road. The termini of the section was given as
request parameters, It should be remembered that many routine and
periodic programs cen be developed with such parameters built in, It
is likely that such programs would not list information as shown in
Figure 5 but would make some computation or analysis wiih the retrieved
data. The output in these cases may be anything from a single line to
g complete tabulation.

2. 'Reference vost and distance identification -

This example shows how distances to reference posts can be used
a5 identification in dnta records to relate data to a roadway.

For comparison with the use of route &nd milepoint identifi-~
cation, assume, for this example, the same data files and records used
in the route and milepoint example above, N
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ROUTE U. 5. 22

BETWEEN MILKPOINTS 11.00 AND 13,00
O ACCIDENT NUMBER ~  LOCATION - DATA
[ XXXXX 11.01 TO
b O XXAXX 11,90 TO
: AXXXK 11.95 10
. XXXXX 11.97 10
O XXXXX 11.97 TO
, XXXXX 12.00 TO
' SURFACE WIDTH _ LOCATICON
O 22,0 11.00 TO 11.07
23.0° 11.07 TO 11.98
‘ 24,0 11.96 10 12.98
O 24,0 12.98 10 13.00
O TRAFFIC VOLUMES LOCATION
1555 11.00 TO 11,05
O 1500 11,05 TO 11.98
1950 11.98 TO 12.87
O 1975 12,87 TO 13.00
O ADEGUACY RATINGS LOCATION
15 11.00 TO 12.00
90 12,00 TO 12,98
O 85 - 12.98 T0 13.00

Figure 5, ©Sample output for example of Coordinated Data Bystem usage. .
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Assume g reference post locdtion file exists that stores the
actual locations of reference posts by route, county, milepost (from
beginning of route in the State} and suppose that the reference posts
placed as shown in Figure 6 have the following information in a
reference post location filesl

Reference post Milepost - Route County
380 . [ 9.00 us 22 .Jason
384 11.25 . us 22 Jason
388 14.00 us 22 Jason

Two ways in which reference post identification can be estab-
lished wére discussed in the section, CORRELATION OF THE DATA, 3.c. and
~3.d. Assume that the dats records of the route and milepoint example
- above are identified as desecribed in the section, CORKRELATION OF THE
DATA, 3.2., in which both ends of a road segment are stored in a data
record. Figure T shows the identification information used in the
route and milepoint example and the corresponding identification used
‘in this example, The beginning points on each line are the same and
the ending points are the same,

As in the previous example, assume thai a department head wants
to know how many accidents have occurred between milepoints 11.00 and
13.00 and what the surface widths and adequacy ratings are between
these points, As stated before, a computer program takes the given
milepoints and the information wanted as conirol parameters. The
printout would be the same as that shown in Figure 5 for the previous
example,

A variation of this procedure, which is described under the
section, CORRELATION OF THE DATA, 3.d., is to identify in the data
records the beginning peints only of the road segments they represent,
If this is done, the printout would still be as shown in Figure 5 and
" the control parameters would still be as shown in the two examples,
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- Figure 6. Locating Points by Relating Them to Reference Posts
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Route and milepoint : Reference post and distance
identification . : identification :

Road data file

Route Begin End A Begin End

us 22 10.00 10.45 : 1.00 E 380 1.k E 380

us 22 10. k45 11.07 : 1,45 E 380 0.18 W 384

Us a2 11,07 11.98 ! 0.18 W 384 0.73 E 384

Us 22 11.98 12.98 _ 0.73 E 384 1,02 W 3188

o us 22 13.08 13.58 S 0.92 W. 388 o.k2 W 388

N Us 22 13,58 14,11 o.b2 w 388 0,11 E 388
Traffic data file

Us 22 9.95. 11.05 : 0.95 E 380 0.20 W 384

Us 22 . 11.05 11.98 ' 0.20 W 384 0.73 E 38L

us 22 11.98 12,87 0.73 E 384 1,13 W 388

W 388 0.59 E 388

Us 22 12.87 1L.59 ‘ 1.13

Figure T. Identification of the points shown in Figure 3
by Route and Milepoints and by Distance to
Reference Posts.

CONCLUSION

The system described in this report will require the development of a
large number of computer programs. A large number of programs
undoubtedly would be useful even without & Coordinated Data System,
but would not provide the efficiency in the coliection, storage, and
use of deta,

\ To summarize several features of the Coordinated Data System:

l. The gystem provides a flexible procedure to collect, record,

) and code data in an easy uncomplicated way. . It can provide
meximun simplicity in collecting and recording data In the
field, and yet provide the facility to analyze all dats
sources with any relationship desired.

2. Data can be collected as it exists without having\to
consider how a user needs the data,
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3.

5

Data values are stored in & computer file in the way the,
exist in relation to one another along a route.

Data can be retrieved according to the user's specifications.
The user can establish control sections or segments of any
length for the purpose of summarizing data or retrieving
information.

The system is modular. It can be developed one file at a
time, Additional files {that is, new data)} can be added
to the system at any time without disturbing any other
file. OSuch additions would also require development of
newv computer programs.






