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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 Administration'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 comprehensive planning process wher1 developing 

a total state trunkline system. 

Many states such as New York and Wisconsin have used 

techniques similar to Michigan's proposed statewide modeling 

process to successfully accomplish those tasks outlined in 

red within the transportation planning process diagram. 

Selected governmental agencies have also used the basic 

research and development efforts in their ~tatewide modeling 

program as the initial input to the formulation of a statewide 

land use model. Statewide land use modeling techniques would 

be extremely valuable if applied within the frame~ork of the 

transportation planning program as suggested in the Federal 

Highway Administration guideline. 
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Other state agencies such as the Department of Natural 

Resources. and the Department of Commerce would also benefit 

from development of this type. Specific 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 Highways planning 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 Michigin Department of State Highways have taken a 

significant step in the formulation of a comprehensive trans

portation planning process through the preliminary development 

of a statewide traffic forecasting model. Creation of a 

computerized traffic model is critical to the operation of a 

functional highway construction program. Final calibration 

of this sophisticated modeling effort will provide members of 

the commission, legislators and oth&r department administrators 

with the ability to obtain expedient cost-efficiency analysis 

of propo;ed trunkline systems or route location questions related 

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. Initial research and development has been 

conducted so that this same model may be applied at the admin~ 

istrative level as well as in the final highway design stage. 
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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 Transportation Planning Division but as this 

figure indicates there is unlimited potential use throughout 

the department. 

Model development of this type within the Transportation 

Planning Division is critical to the division's efficient 

operation, because of the expanding scale and complexity of 

the comprehensive 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 

~-- -------~--~ ~lUO L~~V514~~CU 

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 resume of the model's potential application 

specifically within the Transportation Planning Division appear 

in figure 3. These comments are the result of a review of 

existing application of statewide models within 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. 

- 4 -
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U.S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATION 

BUREAU OF PUBLIC ROADS 

REGION FOUR 

Lansing, Hichigan 
48901 

December 29, 1969 

IN REPLY RE!='ER TO: 

Mr. Henrik E. Stafseth 
State Highway Director 
Department of State Hight;ays 
Lansing, Hichigan 

Dear Mr. Stafseth: 

We are attaching a copy of a field trip report by 
Messers. Hazen and Dean of our \vashington office re
vie~<ing the Statewide Traffic Forecasting Hodel. 

The progress on the Statewide Model is satisfactory 
and we believe it to have one of the highest priorities 
in the planning program. The quality and interest of 
!:~'J~'2 in,_mi,ued iu ·utilizing the best possible procedures 
vas encouraging. One of the de terrcnts to having a 
working Statewide Hodel is the· existing staff limitations.· 
We feel that the priority of this item warra11ts a review, 
by the department, in terms of increased staffing. 

Attachment 

'•·;.'\;' .. \ 

\, 
I 
f: 

.. 
' 

6 

Sincerely yours, 
.·. 

,f''ie'j··j'_ 
:-1_1.' -- ..-(/ v<· .t ·;· .• ,, (; ... , '-~ ~ 

I 
}1 ' ,>" 

~-Daniel Hatt · 
._ .. ,--, _D:tvisioJl. Engineer 

• 

.... ,,.,, 
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In addition to the suggested applications in figure 3 

the model's technical capabilities have been used by several 

state highways departments as a unifying element within the 

planning structure. The model also has bean 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 element between each of the individual 

urban transportation studies, thereby filling a void 

that presently exists. 
·!V .... r ... 

0 ,.(/ 
As a refined transportation planning tool, this model will ,1 <!;" 

,() 
~<JY ~~ 

allow the Division to supply both the administration ancl ,;<S'P,:/ 
~0 . .c?' 

commissioners YJith explicit informed answers to quest ,r.J';.,o"Ythat 
_v 

c)J 

arise regarding such subjects as the US·-2 "freeway", u::--23 

extension, scenic high~<ay projects and the "post-1977 bonding 

program". 

Finally, the two most significant model contributions 

regardless of the level of application are: 

1. The model's ability to eliminate many of the presently 

subjective decision-making precesses. Decisions 

based on subjective analysis tend to be only as 

reliable as the attitude of the individual at the 

particular moment each decision is made. 

2. All analysis phases of this process are computerized. 

This will allow the user-- whether administrator, 

- 8 -
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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 system require 

months to formulate. 

Therefore, the basic purpose of this report is three-

(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 

also been discussed in the concluding 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. 

- 9 -
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STI\TUS REPORT 

MICHIGAN STATEWIDE TRAFFIC FORECASTING MODEL 

During the past decade travel forecasting procedures 

have experienced rapid development in urban areas, as 

the result of the application of computerized traffic fore-

casting techniques, Many of the original computerized 

urban traffic modeling efforts were developed because of 

the complexity of the basic socio-economic data collection 

process in combination with urban origin-destination surveys. 

Several states began to recognize the potential 

necessity of the application of similiar technology at the 

statewide level. the oize And cc!!!rlexity of many studies 

such as the highway needs and highway classification projects 

actually reinforced the need for development of a computerized 

statewide traffic forecasting model. These studies, as well 

as the Federal 104 B-5 study, required traffic forecasts for 

several pre-selected years for the total state trunkline 

system.; With existing techniques, tasks of this scale bordered 

on the near impossible, especially if the final product was to 

be reliable. The Michigan Department of State Highways 

recognized the need for automation and was among the first 

to begin development of a statewide traffic forecasting model. 

Arthur D. Little, Incorporated "as retained to complete the 

preliminary model and to develop working procedures early in 

1965. 
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The initial work program was a two-phased project with 

Phase I 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: 

PHASE ~ - Preliminary Network and Travel Model 
Development 

PHASE II - Calibration of 510 Zone System and 
Conversion of Vachtion Model 

PHASE III - Peak Hour (DHV) and Vacation Model 
Development in Conjunction with 2300 
Zone System Definition 

PHASE IV - Definition of Total Road System as 
Related to the Development of Cost 
Efficiency and Highway Programming 
Model 

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. Included in the 

second portion of appendix A is a copy of the original consultants' 

suggestions as to model improvement at the conclusion of Phase I. 

These suggestions, along with information gained from analysis of 

the consultants' traffic assignment 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 

·- 11 -



model improvements section (appendix A) had to be resolved 

and therefore were the basis for the development of Phase II 

and Phase III 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 Phase II 
before additional model applications are attempted 
in Phase III and IV. 

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

4. Cost-efficiency and highway needs programming 
processes are additional model applications. 
Th~r~f0re) ~hasP !V has b~~~ ~dd~d s0 th~t th~ 

Department's model will be developed to its fullest 
potential. 

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 diagram on the following page is a resum~ of the present 

project status as of October, 1970. 

From the date the department received the final 

consultants' report on the preliminary model development 

in Phase I until late 1969, only two part-time staff positions 

were allocated to continue this project. Therefore, until 

- 12 -
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late 1969, the equivalent of only one full-time analyst 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-

what less than the staff requirements suggested in the final 

staff requirement section of this report. Project fudding 

difficulties also hindered development during this same 

period and as a result the department has not presently 

realized the full potential of the model. 

- 14 -



Pl-1ASE I 
~ ~ ~ 

: OBJECTIVES 

A significant portion of the Phase I work program was 

accomplished by Arthur D. Little, Incorporated. A summary of 

the model development techniques are included in this report 

in the fi~rst portion of appendix A. The primary objectives 

of Phase I were threefold: 

1. Definition anA development of a preliminary 

state highway network model. 

2. Definition and development of a set of preliminary 

trnvel forecasting models. 

3. Definition of computer programmer-operator manual. 

This manual was to prouide the information needed 

to operate the computer programs which form the 

statewide traffic forecasting model package. 

The preliminary state highway network model was to 

include all state trunklines and only selected county roads. 

County roa-ds 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 trip generation model(s). 

- 15 -· 
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Secondly, based on the knowiedge gained in trip generation 

research, 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 

Alpena 

Ann Arbor-Ypsilanti 

Battle Creek 

Bay City 

Benton Harbor 

Cadillac 

Detroit 

Honroe 

Niles 

A daily computer program operation procedures manual evolved 

as a result of the statewide traffic forecasting model develop-

ment process. This manual was to describe the operational 

procedures of the Federal Highway Administration traffic assign-

ment system on an IBH 7090 computer. The manual was also plartned 

as a computer program users guide when attempting to operate the 

preliminary trip operation-distribution forecasting models. 

WORI< 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 number of 

roads to be included in the highway network model. 

2. Definition and development of a statewide zonal 

system related to the scale of the highway network. 

- 16 -



3. Refinement and analysis of trip data base to be 

used in 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. Full 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 techniques commonly utilized by the Federal Highway 

Administration as suggested in the 1964 Traffic Assignment 

Hanual. 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 division 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 surrounding 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 required 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. 

- 17 -



The travel analysis involved such summaries as total trips 

by study area, average trip lengths by purpose, and other 

related trip statistics. These summaries supplied the basic 

answers to questions which had to be resolved before trip 

generation and trip distribution model calibration could be 

initiated. 

Trip generation and distribution model development 

involved determining exactly what types of models would be 

required to accurately forecast future travel. Calibration 

of the final models required the statistical fitting of 

each model to its related survey data from the ten origin

destination studies. 

The final task in the work program was to be accomplished 

us1ng _Lr~f~!c assignment techniques defined in a Federal 

Highway Administration's manual entitled Traffic Assignment 

Manual, published in June of 1964. 

OUTPUT FOR OE~ARTMENT USE 

As a result of the completion of the work program for 

Phase I in the development of a statewide traffic forecasting 

model, the following data are available for department use: 

1. A computerized model of the state highway system 

which might he used as a base for other tasks 

within the department such as the trunkline data 

file. The Department of N~tural Resou~ces is 

- 18 -



presently using the preliminary highway model as 

a basic input in the development of modeling efforts 

within their organization. 

2. A set of actual highway travel times between 

each statewide zone and all others is another 

basic output. This will be used within the 

Transportation Planning Division in 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 the Federal Highway Administration's 

Traffic Assignment Manual mentioned previously. 

3. 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 present and future. This is only 

preliminary travel data used primarily to test 

the feasibility of developing a statewide traffic 

forecasting model. This data is useful in initial 

model development phase but should not be used as 

a basis for final highway planning and design. 

4. If an agency desired to know the actual shortest 

highway path or route from any particular zone 

or city to all other zones in the model, this could 

be obtained either as a computer listing or a graphic 

plot. These paths are of'ten referred to as "trees". 

·- 19 -
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. 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 rapidly compared to manual techniques used. 

in the past. However, the preliminary statewide tiaffic 

forecasting model will have to be calibrated during Phase II 

before the forecast results may be reliable enough to be used 

to plan and design Michigan highways. After calibration the 

department would have the ability to evaluate any proposed 

~ut..:r·" t:rnnkline plan, for any pre-selected time period. 

The computerized modeling techniques would allow ~h!3 nnq1ysis 

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

much as one-half to three-quarte!s of a man-year when done 

manually. 

Because the department's staff was involved in the basic 

work program, future model calibration and development may be 

accomplrshed within the department during Phase II. This \.Jill 

result in an experienced staff to operate the model at the date 

of completion of calibration. 

Phase I set out to determine ~he feasibility of developing 

an operational statewide traffic forecasting model. As a 

result of Phase I, the department has a preliminary highway 

network model and a preliminary trip generation and distribution 



I 

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 s~hedule 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 

ne tw·ork. This 1990 traffic assignment or forecast for the 

state trunkline system was completed by applying 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 reliability check appear in Appendix B. The 

preliminary check indicates the statewide traffic forecasting 
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model is supplying relatively reliable future travel volumes 

for the total state trunkline system. Some local problems 

exist in the more populace regions but future model refine

ment will improv~ this situation. 
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PHASE II 
OBJECTIVES 

Calibration of the preliminar~ highway and travel 

forecasting models is the basic objective of Phase II. 

This calibration process is a refinement process which 

is required if the preliminary models are to become 

reliable daily traffic forecasting tools.within the 

department. The final product of Phase II will be used 

within the departme~t 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 original travel survey data base which is 

to be used to develop the preliminary travel forecasting 

models. This will involve the detailed analysis of travel 

survey data from 25 additional origin-destination studies 

completed since Phase I. Because of the origin-destination 

travel survey data base update, calibration of the prelimin-

ary travel forecasting models is a two-part process. This 

two-part process will be defined in detail in the work 

program for Phase II. 

A tertiary objective of Phase II is the 
,, 

conversion and 

development of a vacation travel forecasting model which 
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will operate on the department's B-5500 computer. The 

original preliminary travel forecasting models were con

verted in the interim between Phase I and Phase II but 

time was not available to convert 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 1990 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 thP- feasibility of completing 1990 forecasts during 

the Phase II work program. The most desirable 1990 

forecast wo·uld 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. 
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SECTION C Conversion and development of an 

operational vacation travel fore-

casting model on the department's 

B-5500 computer. 
i::: 

As mentioned, the secondary objective of updating 

the origin-destination travel survey data base requires 

that section B of the work program be subdivided into 

J v two parts. The actual calibration process technique 

10\ tv ill depend on the availability of staff at the time 
II . __ , 

calibration is being completed. A technique similar to 

K-factoring used in gravity model development would 

require fewer personnel than updating the travel data 

base. This K-factor technique is a process whereby 

parameters other than travel time are considered during 

be less reliable with this K-factor technique. I£ staff 

is available during Phase II then model calibration will 

be completed by updating the travel data base, otherwise, 

this travel data base update must necessarily take place 

during a later Phase in the model development process. 

The details of the actual work program follotv and take 

into consideration both possibilities. 

\ 

WORK PROGRAM PHASE II - SECTION A 

(1) Detailed analysis of Phase I traffic assignment and 

network. 

(2) Correction of network errors and omissions. 
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(3) Testing of updated network. 

(4) Calibration of updated network "trees". 

WORK PROGRAM PHASE II - SECTION B, PART 1 

(Assuming no 0 & D travel survey data update) 

(1) Detailed analysis of the results of the preliminary 

travel forecasting models. 

( 2) 

(3) 

Review of the results of the analysis of the traffic 

assignments from Phase I. 

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 model by completing a present traffic 

assignment. 

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

WORK PROGRAM II - SECTION B, PART 2 

(Assuming 0 & D travel survey data update) 

(1) Collection and reformatting of survey data for the 25 

additional origin-destination studies completed since 

Phase I. 

(2) Development of a Michigan statewide travel data bank 

based on the analysis of the·survey data from approximately 

40 cities, 

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

bank as a result of data requirements in the model update 

process. 
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HORK PROGRAM I I - SECTION B, PART 2 (con td) 

(4) Analysis of the travel data trip characteristics in 

preparation for development of updated travel fore

casting models. 

(5) Calibration of final trip generation-distribution models 

to existing travel survey data base. 

(6) Modification of preliminary travel forecasting model 

computer programs to accept new models. 

(7) Completion of a present traffic assignment using updated 

models plus calibrated highway network. 

(8) .Calibration of state highway network using updated travel 

forecasting models. 

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

HORK PROGRAM PHASE II - SECTION C 

(1) Analysis and review of preliminary vacation travel fore

casting model. 

(2) Conversion of original computer program to operate on 

the B-·5500. 

(3) Full scale test of preliminary vacation travel forecasting 

model using actual population data. 

(l,) Completion of present traffic assignment using 

the ~acation model and the calibrated travel 

forecasting models. 

(5) Completion of a 1990 traffic forecast using all 

travel models. 
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Primary input to the Phase II work program was the 

preliminary highway network model and the preliminqry 

travel forecasting models developed in Phase I. The 

1965 traffic assignment completed during Phase I also 

will be used as a basic input. 

Insignificant time was spent on network development 

because most of the network model techniques applied during 

Phase I were procedures which had already been tested by 

the Federal Highway Administration. No time was allocated 

for network model corrections during Phase I. Network 

calibration is therefore a necessary part of the Phase II 

work program. 

Section A of the Phase II work program will allow 

time for updating and calibration of the preliminary 

highway network model. This initial network calibration 

will allow for a rapid and accurate calibration of the 

travel forecasting model suggested in Section B of the 

Phase II work program. 

Two separate approaches are being taken when calibrating 

the preliminary travel forecasting models during Phase II. 

Part 1 aasumes 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 traffic assignment stage, similar to the Phase I 

accuracy checks. As a result of the network calibration 

and travel forecasting model analysis, K-factors similar 
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in concept to those used in the urban traffic forecasting 

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 assignments. 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 

assumes a major update of the origin-destination travel 

survey data bank. This model data base update will 

unquestionably 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 is presently quite extensive and 

includes survey data from the following cities: 

La.nsing 

Sault Ste. Marie 

Kalamazoo 

Adrian 

Jackson 

Iron Mt. 
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Holland 

Port Huron 

Petosky 

Big Rapids 

Mt. Pleasant 

Sturgis 



Muskegon 

Grand Rapids 

Saginaw 

(Detroit Update) TALUS 

Midland 

Marquette 

Flint 

Traverse City 

This additional travel survey data will be utilized when 

completing the calibration of the preliminary travel fore

casting model. 

The use of this additional data will involve the completion 

of four basic work tasks. 

1. Data assembling and reformatting. 

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 involve the analysis of an estimated 

1,100,000 trip records-- an increase of 750,000 trip tecords 

since Phase I. Completion of this update of the travel 

forecasting model through the use of additional origin

destination data will eliminate the tendency of total 

dependence on K-factors in model calibration process except 

for selected circumstances. 

Presently, the staff is attempting to accomplish the 

basic objective of Phase II by relying primarily on K-

f~ctot 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 cilibration, but it is naturally 

time consuming because of the sheer size of the data base . 

. A preliminary vacation model was defined 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-5500. Testing of the operation of this model will 

be completed during Phase II along with minor K-factoring 

similar to the techniques used to calibrate the general 

travel forecasting model. This portion of Phase II should 

be completed by September, 1970. 

If time allows, a 1990 traffic assignment will be 

~~~~~~~~n ~~ 
-v-~-~--- ~~ 

~~~~~~~ 

r•vb--·•·• I£ 

insufficient time is available, this task will be accomplished 

only once after calibration of the travel forecasting model 

and the conversion of the vacation model. 

Based on present staff conditions in the Statewide 

Studies Unit and related model demands, the work program 

for Phase II is being accomplished as follows: 

1. Priority one has been set on network calibration 

and analysis, as this is necessary to both 

portions of the proposed Phase II work program. 

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

work program where the use of additional origin-

destination data would be used in the travel 
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forecasting model calibration. This would 

allow for the development of more r~liable 

and lasting results. 

3 . Priority three has been set 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 

analysis on the additional survey data to be 

completed within a reasonable period of time . 

The K-factor t.echnique will expedite model 

calibration and permit the department to use 

model results at an eariler .date . 

Based on existing staff conrlition~, c~liL~dtion 

of the highway network model was completed in October, 

1970. Calibration of the travel forecasting model using K-

factor techniques could possibly be completed by the end of 

the first quarter of 1971. Because the two-part work program 

is being completed simultaneously, updating of the travel 

forecasting model may be completed late in 1971 . 

OUTPUT FOR DEPARTMEtll"f USE 

The significant change in outputs for departmental use 

centers on the reliability of the actual traffic forecasting 

results . A list of the outputs follows: 
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1. A calibrated computerized model of the state 

trunkline system, which uses a nodal concept, 

could be the basis 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, will 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 highway path from any 

zone to all others is availabl._e as a result of the 

"tree" building program. 

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

development which might be used benefically by the 

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, speeds, and distances 

in a graphic manner . These plotting techniques, based 
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on present schedules, should be available by the 

first quarter of 1971. Modification of this 

original plotting package might easily allow I 
additional user information to be graphically 

plotted. This could include travel data, log I 
information and accident statistics. 

I 7. A preliminary socio-economic data bank for the 

State of Michigan, with update potential, will be 

1 
available as a result of the trip generation-

diBtribution update process. 

8. Present and future traffic volumes could be obtained 

for any segment of state trunkline for any selected 

year or any proposed system or alternate system. 

I 9. Vehicle mile forecasts by trunkline type with 

G~~waries by county could be obtained. 

10. 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 option 

if specified by the user. 

BENEFITS TO THE DEPARTMENT 

Completion of research and development work initiated 

in Phase II would allow the Michigan Department of State 
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Highways' administrators and commission members to arrive 

at informed decisions on such projects as the "US-2 Freeway" 

in the Upper Peninsula, 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 statewide 

traffic forecasting model would allow the department to 

plan for future needs as the projected date when various routes 

will require improvement may also be predetermined. Projected 

estimated costs or budgets on a yearly basis could also be 

made available although this task has been left until Phase IV. 

Each of these projects is an extremely complex task and 

because of this the present decision-making process is hindered 

under certain circumstances. The model will improve the above 

situation by allowing the administrator and legislator alike 

to test many alternate plans and proposals in very rapid sequence, 

finally selecting the most reliable proposal. Once a plan or 

program has been selected this same model, because of the 

completeness of initial development work, will also be able to 

supply de~ails required to select the most appropriate corridor 

and complete final design. 

Pre~ently 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 

- 3 9 .• 



and Classification Study require traffic forecasts, both present 

and future, for the total state trunkline system. IVithin the 

department, on many occasions detailed alternate corridor 

analysis related to travel volumes should be completed in 

order to supply the department with sufficient data to select 

the best alternate. The US-23 extension north of Standish 

is just such a situation. Manually these tasks now require 

many man-months to complete. Often the completion dates 

for many of these projects necessarily have to be extended. 

Under certain circumstances data reliability is sacrificed 

because of 'the complexity and existing manual -nature of these 

tasks. \Vith the calibration of a statewide traffic forecasting 

model, many of these tasks previously done manually can be 

defined in terms of man-weeks because the travel forecasting model 

will make use of automated ~omput~rized traffic forecasting 

techniques. The level of accuracy of the final results is 

greatly improved because of powerful features of the computer 

which will allow the department's staff to complete a more 

detailed analysis for each project. As another specific 

example, upwards of one man-year's time was spent on the 

travel fo£ecasting 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 

addition to fulfilling the Federal Highway Administration 

requirement for completing this study in relation to the 

Interstate System, the department would also have available 

a forecast of all state routes. 
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Presently, a vehicle mile forecast on state trunklines 

is the result of a manual task separate from) although inter

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 or 

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 

in highway planning is a manual task involving the analysis 

of rural origin-destination data. Under certain conditions, 

man-months can be spent in the thorough analysis of a specific 

trunkline's travel characteristics-- such as trip length 

frequency distributions and trip purpose summaries. Hith a 

calibrated statewide model this same analysis could be 

completed in two or three man-days. Future plotting capabilities 

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. 

Plotting capability of the model might also allow for rapid 

presentation and analysis of final data. The model could also 

provide future travel characteristics for the same route if 

the department so desired, which is presently not possible 

manually. 
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With existing manual methods it is not possible for 

Route Location to analyze the total effect on the state 

trunkline system from alternate route locations. The state-

wide model would have the capability of determining the proposed !i 

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

state. If deemed necessary, cost benefit analysis studies 

could be a basic output from the statewide modeling process, 

thereby supplying actual dollar and cents measurements of 

road improvements. Additional computer programming would be 

necessary to obtain this last capability. 

The previous discussion is only a very brief resumd of the 

vast potential of a computerized stat~wide traffic forecasting 

model. The actual potential o£ a computerized 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 year's of 

model development is to result in an effective statewide highway 

planning tool. 

A fl.ow chart of the Phase II work program is provided in 

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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P~lASE m 
OBJECTIVES ; 

As a result of Phase I and II, the department will have 

the capability to forecast both present and future average 

daily traffic volumes for any or all segments of the state 

trunkline system. These traffic volumes are commonly referred 

to as AADT or annual average daily traffic. The primary 

objective of Phase Ill 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 I and II, 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 Phase III would be the refine

ment of the preliminary vacation model converted in Phase II. 

Analysis completed during Phase I suggests that the primary 

element in studying vacation travel resides in the vacation 

destinations rather than origin-destination data normally 

applied in travel forecasting model development processes. This 

same conclusion was arrived at in a separate survey completed 

by the Michigan Department of Natural Resources. Therefore the 
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refinement of the vacation model during Phase III may also re-

quire additional data collection. This data collection process 

can possibly be combined with the data collection process required 

to develop 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 III will be the improvement of 

the travel forecasting model's sensitivity by increasing the num-

ber of zones from 510 to 2300. Preliminary research between 

Phase I and Phase II indicated that a finer level of detail would 

be necessary if the model was to be useful throughout the highway 

department. The 2300 zone system will allow the model to more 

accurately forecast actual turns on and off of state trunklines 

as well as the more dctGil~d volume fluctuacions along these 

routes. This will involve 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 accurately forecasting future 

trunkline traffic volumes within most of the major urban areas. 

The actual highway network model at this point should include 

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

WORK PROGRAM 

The work program for Phase III is proposed as a three-

part process. Depending on staff conditions, all three parts 

could ~e completed siMultaneously, as they are relatively 
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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. Analysis and calibration of design hour model. 

SECTION B 

1. Analysis of preliminary vacation model assignment 

2. Determination of data weaknesses and definition of 

data collection methods. 

3. Collection of additional data for use in vacation 

model calibration. 

4. Update trip and socio-economic data banks from 

Phase II. 

5. Calibration of vacation travel forecasting model 

individually and in conjunction with the general 

travel forecasting models. 

SECTION C 

1. Addi.tion to data bank of travel survey data 

collected since start of Phase II. 
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2. Development and definition of detailed zone and 

net'\\~'ork model. 

3. Refinement of travel survey data bank. 

4. Development of refined trip generation-distribution 

model. 

5. Calibration of detailed network and travel forecasting 

model. 

In the final design of the state trunkline system, it is 

the DHV value which becomes pertinent to the actual number of 

lanes and the geometric design of each intersection. This type 

of design hour volume data can be obtained using available 

information from the Phase II _traffic assignment outputs but 

this process would necessarily be a manual task involving many 

subjective decisions. Completion of Section A of Phase III 

work program will automate this DHV process through the use 

of computer techniques similar to those developed to supply 

the department with projected annual average daily traffic. 

Refinement of the ~acation model converted in Phase II 

was left to Phase III because additional data collection, as 

suggested in the original consultants' report, might possibly 

be requir.ed. The time and staff Here not available during 

Phase II to define these data collection techniques. During 

Phase III the reliability of the vacation 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. 
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Therefore, refinement of the vacation travel model will 

significantly improve 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 simulation of AADT volume 

increases and decreases along each segment of state highway. 

Most of the work described above is tentatively scheduled 

to start sometime in late 1971 or early 1972, based on existing 

staff within the Statewide Studies Unit. The chart at th~? 

G0u~lusion of this portion o£ the report supplies a detailed 

time schedule for this phase of the work program. 

' 
OUTPUT FOR DEPARTMENT USE 

Assuming positive results from the proposed modeling 

efforts related to development of a DHV model and refinement 

' of the vac-ation model, the department should bG able to use 

the results of this statewide travel forecasting model as 

direct input into the process of planning and designing 

Michigan's state trunkline system. Specific outputs for 

department use are outlined below: 

1. Vacation travel between all ~ones or areas within 
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the state and each of the contiguous states. 

2. Travel within Michigan on all state trunklines by 

trip purpose f6r 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 trav~l 

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 most major intersections involving 

state trunklines and county roads, 

6. Improved traffic forecasts on state trunklines 

within urban areas which may serve as a basic 

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. 

Presently, the department has no comprehensivA 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 
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for recreation facilities increases in the near future, 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 forecasting 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 order to meet 

project deadlines. As the department continues to receive 

requests for such projects as the Federal needs studies, tl1e 

department will have to rely on some sophisticated computerized 

technique 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 Administration with reliable future travel data. 

As an example, 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 manual process which 

would require upward~ of six to eight man-months to develop. 

With the development of a calibrated DHV model, this project 

could be completed ~n a matter of one or two man-weeks. The 

savings is obviously quite significant. Because the system of 

models is automated, it will allow for the analysis of several 
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alternate highway systems at one time· if desired. 

The model at the completion of this Phase would be developed 

to the extent that it could reliably evaluate the appropriateness 

of the functional and administrative classification of many of 

the roads in the state. This would allow the department to 

rapidly update and frequently reclassify selected road systems 

within the state. 

The basic outputs from Phase I~III would supply the 

necessary AADT and DHV data required to plan, design and con

struct additions to Michigan's state trunkline system. Phase IV 

could result in the development of optional features which 

would allow the department to fully utilize the potential 

of initial travel forecasting models. 
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PHASE 
OBJECTIVES 

With the completion of Phase I, II and III, the Michigan 

Department of State Highways will have a state~ide travel 

forecasting model which would supply reliable AADT and DHV 

data for any selected year for any or all segments of the state 

trunkline system. The models will also allow the department 

staff to accurately 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 network development, approximately 

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 
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total road mileage with the possible exception of city local 

streets. 

In past years, the department has not been able to deal 

with cost-efficiency analysis in an effective manner when dealing 

with alternate corridor route location and planning 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 output. This will allow the 

department's engineering staff to quickly determine the 

fun~tional cost of one alternate route versus another. This 

cost-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 objective of Phase IV would be the development 

of the techniques whereby the department would have the 

capability to determine highway naeds well in advance of 

trunkline deficiencies. Use of the statewide traffic fore

casting model's capabilities would allow the department to 

test present and proposed state trunkline plans and alternates 

in five-year increments. This would allow the department to 

begin to ~utomate a significant proportion of the programming 

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

of highway funds in this area could become automated. 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 
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Phase IV work program is not as detailed as the three previous 

work programs. Much of what is learned by completion of Phase 

II & III may lead to slight modification of the Phase IV work 

program. 

WORK PROGRAM 

The Phase IV work program is a three-part process. 

There is some possibility of completing selected portions 

of this program simultaneously. 

details are as follows: 

A. Total highway network --

The proposed work program 

1. Review of existing data availability as a 

possible input in the development of a computer-

ized road network for al~ Mich!~~a ~0ads. 

2. Determine potential uses of a total road network 

if the network is simulated by computer techniques 

similar to the network finalized in Phase II. 

3. Definition of total road network based on results 

of first two steps in work program. 

4. Review possibility of incorporating some method of 

travel forecast modeling within the forecast 

of the complete county road network. Actual model 

development and calibration could be completed as 

a Phase V project if preliminary testing proved 

promising. 
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B. Development of cost-efficiency techniques related to 

highway planning and design -~ 

1. Selection of the type of cost-efficiency analysis 

technique as a result of the specific needs within 

the department. 

2. Review of existing data availability in relation 

to cost-efficiency analysis techniques selected in 

step one. 

3. Definition of data collection methods and collection 

of data. 

4. Development and definition of computer programs 

necessary to apply cost-efficiency analysis programs 

to solve department needs. 

5. Full scale test of programs on a sample highway 

1! ~~ i_ liJ 0 r' k_ C r) lJ t A 1_ n C at ; 0 n p r Ph l P Di , 

6. Definition and development of daily work procedures 

so that the cost-efficiency programs developed may be 

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

C. Development of automatic highway needs and programming 

techniques using statewide model as a base 

1. Review of existing techniques used in programming 

highway fund~ related to future highway needs. 

2. Determination of specific programming processes 

which might benefit through the use of statewide 

traffic forecasting modeling techniques. 

3. Definition and development of specific computer 

programs which will use data from the statewide 
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traffic forecasting model to supply the necessary 

answers required by department users. 

OUTPUT FOR DEPARTMEN~ USE 
. ' 
':; 

Because of the general nature of the proposed work program, 

only selected comments can be made in regard to the actual form 

or type of output available at the completion of Phase IV. An 

attempt has been made to list possible outputs. These listings 

were the result 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 and benefits should be available 

by various road type or classification or even 

selected links of the total system. The data t;ould 

also be available for selected alternate systems by 

predetermined categories. 

3. The needs and programming techniques developed are 

quite significant and only a few of the various 

outputs are mentioned in this report. 

a. Potential deficiences of existing and committed 

highway system. This data may be displayed 

graphically or detailed volumes and traffic 

statistics could be obtained on a link by link 

basis. 
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b. Determination of future highway needs. This 

data can also be graphically presented. 

c. Testing of alternate plans and the comparison of 

vehicles miles and cost-efficiency statistics. 

This data may again be graphically presented, or 

a detailed listing would also be available for 

final analysis. 

BENEFITS TO "THE DEPARTMENT 

Cost-effectiveness analysis is a method of evaluating 

alternate plans for accomplishing a specific objective. First, 

the cost and expected benefit of each proposal are estimated. 

The proposals are then compared on the basis of their cost-

!:'~tiCS. 

the Federal Government and could prove to be effective if 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 planning design should lead to 

the development of analysis techniques designed to systematically 
'""""-

examine the consequences of decisions so that making a decision 

is simpler and more scientific. 

Cost-effectiveness analysis is an important method for 

clarifying the conseque~ces of decisions. It has been widely 

used in the Department of Defense and in our space program for 
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a number of years. There is no basic reason why this technique 

cannot be used to great advantage by the Michigan Department of 

State High<wys. In addition, it has been theorized that future 

subsidies from Federal Aid programs will require a~ application 

of more sophisticated cost-effectiveness analysis techniques. 

Often the departmGnt has only a limited amount of money 

available to satisfy an almost unlimited number of competing 

projects. Thus, the problem becomes one of allocating available 

funds among the various programs and activities that must be, or 

should be carried out. 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 

~~.C--~---"'-.1 --
..L.UJ...V.I...U1U.O.....I...\JU. 

Cost-effectiveness analysis would increase the reliability 

of the final decision. Costs are normally stated in dollars --

although in some instances it may be wise to state the cost of 

any activity in terms o£ 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 of simplifying both the analysis and the 

presentation of results to the decision-maker. Assigning dollar 

values to benefits in some cases may seem arbitrary, but if all 

the proposals are treated in the same manner, the comparisons 

will be valid and the analysis will serve its purpose. 
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The basic supposition is that fut11re 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 in 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 

techriiques developed during the statewide modeling process 

could serve dual purposes. As an example, the node numbering 

system used in the network model has been used by several states 

as a method of f~ling highway link data such as accident reports. 

Appet1dlx C 1~ a copy of a reporE prepared by the staff of the 

Maine State Highway Commission which discusses their use of this 

technique. 

Finally, the department systems section is presently 

undertaking a survey of the highway link data system. The 

final product of the analysis task is to be a coordinated 

data system for use withi~ the department. As a result of 
·----

the work completed in Phase I and portions of Phase II, specific 

techniques developed for the statewide traffic forecasting 

model could also 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· completed on this same 

topic by the Federal Highway Administration in most of the states 
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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 

available in order to rapidly present data. 

This technique will prdsently be available with the existing 

state highway network model. The Statewide Studies Unit 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 system 

was the reference post system. 

The reference post system is another term used to define the 

nodal identification system used in the statewide highway 

network model. This reference post or nodal system is 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 coordinated highway data system, some 

means of data location-identification technique is 

a necessary prerequisite. The results of the 

Federal Highway Administration research states that 

most favorable location-identification system could 

be either of the reference post systems mentioned in 

Appendix D. 
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As previously mentioned, the statewide model presently uses 

this technique. It is therefore possible that the statewide 

model nodal or reference post concept could serve dual purpose 

efficiently. 

Four: The Federal Highway Administration's final conclu

sion states that in order to develop a coordinated 

highway 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 nodal or reference post concept. In the last year the 

department, with the assistance of Alan H. Vorhees & Associ~tes, 

developed a total transportation planning package of computer 

programs which also operate in this nodal concept. Hany of 

these programs were designed to obtain various types of data 

and summary information. It is quite possible that only slight 

modifications to selected summary programs within this package 

would allow the department to rapidly and efficiently develop 

a coordinated data system. 

As a final comment, the results of the trip generation

distributton update in Phase II will supply the preliminary 

area data base suggested in this report. A flow chart and time 

schedule for Phase IV appear at the conclusion of this portion 

of the report. 
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, TIME SCHEDUlE 
. L. •• ' STAFF REQUIREMENTS 

Development of a computerized statewide traffic 

forecast model does require 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 

of personnel possessing experience dn this area is extremely 

limited. As there are so few sources to refer to for develop-

ment assistance, the staff assigned this project necessarily 

has to be composed of well-trained professional individuals. 

The diagram on the following page briefly presents a summary 

of the primary skills required to complete development of 

this modeling effort. This summary is based on a review of the 

experiences 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 ~: 

fulfill 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 requirement 

diagram. 

/'> 
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GENERAL s-rAFF REQUIREMENTS * 

TRANSPORTATION 

ANALYST 

(4) 

HIGHWAY 
TECHNICIAN 

(2) 

PHASE I 
CONSULTANT AND 

DEPARTMENT STAFF 

PHASE li 

PHASE m 

PHASE :m: 
·DEPARTMENT STAFF ··~ 

FIGURE .9 

SYSTEMS 

ANALYST 

(I) 

COMPUTER~ 
PROGRAMMER 

(I) 

STATISTICIAN 

(I) 

*Based on review of statewide modeling projects in 
the following states: 

Pennsylvania, Iowa, Connecticut, Wisconsin, 
Rhode Island and Illinois. 
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St~tewide Traffic Model 
$100,000 or less 

6 - 18 months 

Statewide Transportation 
Study (High<Jay) 
$100,000 - $500,000 
(Usually over $200,000) 

Comprehensive Stat2wide 
T~ansportatio'n Study 
$500,000 - $1,500,000 
24 - !1-8 months 
10 - 25 personnel 

IrttGgratcd Statewide 
Transportation Study 
Over ,')1,500,000 
36 - 60 mont1ls 

nlS - ~0 personnel 

•, 

Classes of Statewide Transportation Studies 

,To do system simulation using the 
computer in order tb bettar urtder
stand how the system ope.rates. ~e

sults will be used for functional 
classification and general planning 
pprposes, 

To develop an intermediE.te priced 
traffic model based on ('-D sample 
design - To obtain good information 
on trip generation and trip length;. 
To evaluate alternative highway 
networks - To develop a State 
highway plan. 

Zones and network will be selected and 
coded using standard procedures, Models 
for trip generation and distribution will 
be kept simple: Usually, no trip purpose 
breakdown, usually, one but not more than 
three~independent socio-economic variables, 
and mi~imum 0-D data would be utilized, 

0-D sampling for internal trips accom
plished by multiple-screenline roadsid2 
interviewing, stratified, cluster sample 
of homes, telephone interviewing or com
parable procedure. Models daveloped by 
trip purpose, usually: Auto (3-5) and 
Truck (1-2). Comparisons and calibration 
made against ADT volumes. Development of 
alternatives will include functional 
classification, scheme development and 
testing. 

Elemeni:s and Procedures Hould 1~c similar 
to the Comprehensive Urban Transportation 
Studies. Interviews would be sufficient to 
develop a trip table of interzonal par
son movements. Studies ~gould include an 

To develop Qn a statewide or re
gional basis the conprehensive 
transportation planning process -
1o simulate person movenents by 
mode of tra,nsportation - To eval
uate alternate modes and networks 
To develop a State transportation 
plan. 

- EconOi.!l·Lc Ease Model, and Land Us•:: >lcdc.l. 
Within budget limitations, goods movements 
would be obtained and projected. 

To apply the latest te~hniques in Tl1e procedures woul·d incorporate the 
systems a~alysis and operations re- latest techniques in systems analysis and 
search to statewide trar~sportation operations research. Detailed pers.Otl and 
planning - To study ~he complete goods movement from origin to destination 
system of person arid goods movement would be studies with emphasis on transfer 
from origin to destination- To eval-· and terminal points. The modeJ.s ~1ould 

uate alternate sets of policies in be iterative with a feedback to account 
regard to the transportstion system for results of different transportation 
- To develop a State trsnsportation policies. 
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As a result of the technical review by the Federal Highway 

Administration, it was determined that the Michigan model should 

logically fall in the second class. A study of this size 

. ~ . . ' involves a period of 8 to 25 man-years and a budget of $100,000 

to $500,000. Michigan presently has spent $150,000 and 5 

part-time man-years. 

Presently this project has been assigned the following 

staff: 

Transportation - 2 1/2 Positions 

Statistician - Part Time - 10 Hours per Month 

Highway Technician - 2 Half Time Positions 

The proposed time schedule 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 four 

phases of this model development project. 

Any change in existing priority or staff conditions 

would significantly alter proposed completion dates. 

;··.: 

. J 
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TIME SCHEDULE 
* (ALL PHASES) 

* 
w r..; !8 en 0' 
<0 <0 ([) f'-, ,... 

PHASE 
en en Ol Ol ,Ol Ol 

I -. 

Network Model Development .. ... 
Travel Model Development ... ~ 

Define P-rocedural Guide ..... 
Preliminary~990 Traffic A~signm~nt• ·- --~---'.. 

PHASE n 
N~twork Calibration 

K-Fact6r Calibration -
Travel Model Update ... --~·-

·-+ 
;Vacition Model Conveision .,..,._ _ _,., .. 

PHASE m 
Peak Hour Model Development 

V~cation Model Update 

:netailed Network Model 

1 PHASE :m:: 
··1 f_f/i'Total Road Network Definition 

. -~ ~ ' 

'Cost-Efficiency Model 

Needs-Programming Model 

*Based on review of statewide modeling projects 
the following-states: 

., .. , .. ,cc; ___ -- c-. 

Pennsylvania, Iowa, Connecticut, Wisconsin, 
Rhode Island and Illinois. 
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OUTPUT 

PROPOSED MODEL 
OUTPUT DATA AVAILABILITY 

DATES 

1. Preliminary 510 Zone Computerized 
State Highway Network 

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

3. Preliminary Trip GeneratiQn Model 

4. Preliminary Trip District Model 

5. Final Report on Phase I Model 

6. Preliminary 1990 Assignment on Existing 
Trunkline System 

7. Calibrated 510 Zone Highway Network 
Model 

8. Calibrated 510 Zone Travel Time or 
District Matrix 

9. Preliminary Vacation Travel Trip Table-
510 Zone System 

10. Calibrated Trip Generation Model Using 
K-Factors 

11. Statewide Trip Data Bank - 510 Zone 
System 

12. Calibrated Trip Distribution Model 
Using K-Factors 

13. Statewide Travel Characteristic 
Summary 
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DATE AVAILABLE 

August, 1966 

October, 1966 

November, 1966 

December, 1966 

March, 1967 

March, 1969 

January, 1970 

February, 1970 

August, 1970 

February, 1971 

February, 1971 

March, 1971 

March, 1971 
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14. 

15. 

16. 

17. 

18. 

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 

19. Phase II Final Reports 

20. Calibrated 2300 Zone Highway Network 

21. 2300 Zone T.ime or Distance Matrix 

22. Statewide Socio-Economic Data Bank -
Updated to 1970 

23. Calibrated Vacation Travel Trip Tables -
510 Zone System 

24. Calibrated Design Hour Volume Model Data 

25. Calibrated 2300 Zone Trip Tables 

26. Statewide Weekend Travel Data Bank 

27. Phase III Final Reports 

28. Total Road System Network Model 

29. Cost-Efficiency Analysis Listings 

30. Highway Programming Model Listings 

31. Procedural Manual on Cost-Efficiency 
Technique 

32. Procedural Manual On Highway Programming 
Model Technique 

33. Phase IV Final Report 
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DATE AVAILABLE 

May, 1971 

June, 1971 

July, 1971 

August, 1971 

December, 1971 

March, 1972 

December, 1972 

January, 1973 

February, 1973 

April, 1973 

June, 1973 

June, 1973 

August, 1973 

August, 1973 

February, 1974 

May, 1974 

May, 1974 

June, 1974 

June, 1974 

August\ 1971, 
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APPENDIX A 

This appendix is composed of two sub sections from 

the consultant's Phase I final report. The first section 

is a summary of the consultants development techniques. 

The second section includes a review of possible model 

improvements. Most of the suggested model improvements 

will be considered during the Phase II and Phase III work 

!)rogram. If -~~ ..... ~~·~~ 
'""<..:.'-u. ........ u 

are required they may be obtained by referring to the 

final report entitled A Computer Model for D~termining 

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

Incorporated C-67672-2, December, 1966. 
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SECTION I 
Parts .A-G 



I. INTRODUCTION AND SUHMARY 

The Resources Development Planning Program for the State 

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

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 st~~y under cbntract number Hirihigan P-52-(4A). This 

report is submitted in partial fulfillment of this contract, 

and is concerned only with highway planning. Volume I of 

the report will provide material on: the background studies 

we have conducted; a description of the computer model which 

~P,rPlnn~rl! ~n PValu~tion of the nerformnn~e of this 
. "'' J '•• - • - -- - - ;;;- - • ---. -

model; a review of J.essons learned in 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 spe·cific higlP,vay links. 

'. In the remainder of this section, we will summarize 

the contents of both volumes, and provid_e references to 

more detailed descriptions of the work. 

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

phase study of transportation requirements for the State 
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of Michigan, submitting a report on the results in Septem~ 

ber, 1964. The Highway portion of this first-phase study 

was essentially a reconnaissance, concerned with the avail

ability of suitable data and techniques for the dev~lopment 

of a computer model for estimating future highway requirements. 

During this reconnaissance we tested specific samples of 

machine-readable data collected in a series of Mississippi 

Valley Multiple Screen Line Surveys and a series of Metro-

politan Area Origin-Destination Studies. The tests of these 

samples indicated that the data was generally "clean 11 and 

consistent, although a vari~ty of problems existed because 

the data collected for different surveys employed different 

coding systems, and different degrees of detail in tabulating 

origins and destinations. 

Dutiug ~itl~ p~rlu~ we altiu surveyed avallahl~ attdlysl~ 

techniques and computational procedures, to determine·whether 

any major barriers existed to the employment of a network 

model for evaluating highway reqttirements. 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· foand no reason to believe that 

the proposed approach is in any way impractical. As ue have 

noted previously, it is not possible to guarantee success in 

advance of actual trials of the analytical procedure; the 

eventual test uill be the degree to which derived density 

-data and actual observations are in agreement. Hov.Tever, 

we consider the value of the end product to be so great in 

-· 7 8 -
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comparison with the risk involved that we continue to recom-

mend this approach." Accordingly, a decision was reached 

to proceed further in the development of a highway require-

menta 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 research tool to determine future 

highway req~irements, it became apparent that the same 

techniques could be of value as a routine working tool for 

the Highway Department. Effective use of such a tool is 

dependent 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 

..... 
~; o[ ..luuds. Ihe most s~gn1-

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 involved 

in the collection of all the data used as inputs, and was, 

therefore, in a relatively good position to perform the 

necessary review and changes of format; it was also possible 

in this process for the Highway Department to obtain data 

tabulations of interest to them for purposes other than the 

study. In a similar vein, the preparation of documentation 

by Highway Department personnel is a step which ensures that 
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they have thorough 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 summary 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 

reported formally and in detail, we believe there is value 

in indicating the specific problems which caused most 

difficulty, so that future workers in this field can benefit 

from our experience. 

B. PURPOSE AND SCOPE OF STUDY 

has been the development of: 

A computer program for relating economic and/or 

population data to origin/destinatipn movements; 

- a computer program for converting this origin/ 

destination data into highway sector density data, 

by means of a network model, so that; 
. .,..... -

- as an end product, there can be produced a complete 

set of working procedures which can be applied by 

Highway Department persunnel en a routine basis both 

for forecasting future traffic loads and for evalua-

ting the effects of specific proposed changes in one 

or more highway sectors. 
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In meeting these purposes, we have been guided by 

three general policies: 

1. Building on Past Efforts in this Field 

A number of network 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 requirements. Rather 

than develop our own model ab initio, 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 BPR model was chosen from 

among the available alternatives because of our belief 

that it was the model most likely to be "maintained" and 

the State of Michigan in the future, in spite of changes 

in computer equipment and other factors which tend to make 

models become obsolescent with time. 

Network models are relatively complex, and require a 

large base of data and inp.ut 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 as simple as possible, in the belief that 

this will encourage effective usage. The simplicity has 

been acquired at some sacrifice itl potential accuracy; 

however, we believe that the accuracy of all such models 

·- 81 -



.. -, 

is limited (especially when the problem of forecasting 

more complex demographic characteristics is considered) 

and that intelligent model employment rather than the 

seeking after a high degree of accuracy is the key to 

deriving 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 attempted to make it as easy as possible to incor-

porate additions and changes which will update components 

of the model as new information becomes available. The 

use of network models for highway requirements analysis is 

still in its infancy; we have preferred, therefore, to 

to develop a closed model where future growth might be 

limited. Specific areas for potential growth are described 

in Section V. 

C. GENERAL BASIS OF THE MODEL ·--------------
Models concerned with social interactions over a 

distance have been under study for several decades, and 
~ ... -

the use of these techniques for studying highway linkages 

was suggested talatively early in their history. In practice,. 

the first employment of network models was in the study of 

urban ratl1er than inter-urban trarlaportation. In many 

respects the analysis of state highway links via a network 

model is simpler· than that of studying equivalent linkages 

within a single city, since many of the detat1.ed structure 
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elements employed in the latter are not necessary for study 

of a state highway program. However, the basic heritage 

of our model lies i.n urban transportation rather than inter-

urban studies. 

All network models for the study of transportation links 

are based on a set of important assumptions and principles. 

The main ones are: 

l. The overall area of study can be divided into a set 

of well-defined and meaningful nodes or zones. 

a. The definition of nodes or zones is usually 

based on a set of geographic boundaries which are also 

related to the physical and demographic patterns of the 

area under study. Within a city, where network models had 

rheir first en1pioyment, ilolnugeu~tty i~ an exL~ttit~ly 1w~0~-

tant factor in zone definition. Cities are relatively 

inhomogeneous, in that there tend to be separate, very 

different shopping and-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 zones or 

nodes, this problem of inhomogeneity is less apt to arise. 

b. The meaningfulness of a set of zone definitions 

depends primarily on two factors, First~ the zone sizes 

must be significantly smaller than the distances of traval 

which are under study; otherwise, there will be severe edge 

effects and loss of ability to capture detail. Secondly, 

it is important to be able to forecast with reJ.ative ease 
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and accuracy the economic and demographic characteristics 

used to deter~ine the movements to and from a given zone 

or node. 

2 . Population and economic factors can be used to 

measure the extent to which each zone or node will generate 

potential automobile traffic--traveling out of this zone to 

other zones or nodes--and will attract automobile traffic 

which originates outside its boundary, Because of the 

relatively inhomogeneous internal structure of individual 
'j 

cities, the attraction and producti.on characteristics of 

urban zones are quire different a~d are kept separate. In 

a state-wide model. however, where we are dealing with 

r~latively homogeneous zones) these two factors become 

in mas~ cases of imnn~~~n~o --r--------, 

to merge J.nto a single measure of traffic movement potential. 

3. Time, distance, or some cost factor incorporating 

tl1e two serves as a measurable deterrence to movement. 

It is assumed here that individual drivers will have to 

make a series of choices among destinations to which they 

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

of some combination of the relative attractions of destin-

ations and of the costs of going to them. Thus, dete~rcnce 

serves to p~rform an allocation in a rational and detet-· 

minable manner of the destinations to which 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 values 
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encountered during a trip, will influenc-e the allocation. 

In general, however, aesthetic values do not seem important 

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 single measure. 

4. A network model can be used to unite the factors 

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

vidual highway links. The same mod.el, 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, 

This step is necessary to perform redistribution which takes 

into account the effects of overloads on highways. 

to road density statistics, which in turn can be used to 

evaluate the effectiveness of developing new networkd or 

of undertaking some degrees of modification of an existing 

network. 

One extremely important factor should he noted in the 

above set of principles and assumptions, and this is 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 

relates the size and wealth of a city to its surrounding 

environment. Each city, in a sense, must both influence 

and be influenced by the patterns of increase or decrease 

in neighboring cities, and its growth therefore depends 
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on the demography of its surrotlndings. We- are, therefore, . ' 
assuming a type of fundamental social structure which governs 

the rise and fall of cities as places to live and work, in 

terms of a coinbinati.on of the opportunities, economic 

structure, and resources of a given city and of the dis-

tribution of otl1er cities whicl1 surround it. This is a 

relatively subtle point which has not received suitable 

study {n either this or any other network analysis of which 

'~JC are a\vare. 

The specific application of the principles described 

above was made in the follcw~ng manner. 

With the exception of the city of Detroit, the zones 

in our model are based on individual townships (or cities) 

or combinations of townships. The use of townships provides 

a logical basis, since census data is available and forecasts 

of future popula~ion for the State of Michigan have been 

constructed on this basis. Further, individual townships 

are sufficiently large throughout the state t.o provide the 

degree of homogeneity sought in the state-wide transportation 

model. For the city of Detroit, an arbitrary division was 

made so that this metropolitan area is divided into three 

zones. 

2. PoEulation ~nd Economic Factors 

Early in our work it was established that car ownership 

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 indicate that 

total motor vehicle travel (i.e., urban plus inter-urban) 

is quite constant, and independent of location of auto regis-

tration. Accordin~ly, in the interests of simplicity, only 

population is employed to measure total motor vehicle travel 

during a given period. 

To take a~count of the time dependent effects of econo-

mic factors, highway conditions, etc.·, on the per capita 

level of car ownersh,ip) an additional item is necessary. 

For this purpose, we bave used the ratio of the forecast 

vehicle miles per capita traveled during the year under 

·-.- .. - ... - 1 , -- • - - ' 1- --- ~- - -
&...J..o.Vt..l.CU UUS...J.HO L.Ut Uct~t 

year of 1960. The Michigan Highway Department has already 

made estimates of the values necessary to derive this ratio, 

so the information is on hand for use in the program. 

The population of a zone is not by itself adequate 

to specify the traffic generation characteristics of that 

zone. This can be seen by considering the affect of city 

size on the extent to which inhabitants will travel by car 

outside tbe boundaries of that city. A small city is apt 

to lack many facilities desirable to its inhabitants, such 

as good shopping, adequate sources of employment, nearby 

recreatonal facilities, etc. Accordingly, a significant 

fraction of the total automobile traffic of cars owned by 

residents of a small city are apt to pas~ through the zone 
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boundary in search of these facilities. As the city grows, 

however, its sources of internal attraction will increase, 

and a smaller fraction of automobile travel by inhabitants 

will pass through the zonal boundary, On the other hand, 

a city surrounded by other nearby cities will tend to 

generate more intorzona.l traffic than one whic~ 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 number of studies of this subject have led to a 

variety of possible models. After a series of investi-

gations we have determined that an adequate measure of 

interzonal traffic generation can be based on a combination 

external population within a limited distance of the center 

of the zone--of the order of 30 minutes driving time, A 

regression analysis ha~ been performed leading to the 

equation: 

N = 1. 04 P 
c 

0.89 pc + 
p 

N = 0.062 P 
0

'
89 

c 

p + p 
c e 

p 

P = Zone population 
c 

0.19 
general-trips* 

0.11 

heavy truck trips 

P =·Population in external ring 
e 

N Interzonal trips generated in ~ 
direction (inbound and outbound) 

*General traffic includes all trip purposes, other than 
vacations, made by automobiles and light trucks. 

- 88 -



The results indicate that these models account for 99% 

of the variance in general trips and 95% of the variance in 

heavy truck trips (which are less important) observed in 
I 

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 estimated by the Michi-

gan State Highway Department and take into account the 

quality and capacities of roads as well as the distance 

traveled on the links, 

In early work on the gravity model, a single exponent 

of distance was employed for deterrence, and for urban and 

some inter-urban studies. This l.ed to a deterrenc~ f11nctinn 

proportional to time or distance approximately cubed. 

Data indicate that this simple relationship is inadequate 

both for very close and vety large distances, where there 

is a tendency for deterrence to fall off more slowly than 

in inverse cube. We have derived separate deterrence cur~es 

from O/D data for individual purposes 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 quadratic equations which describe deterrence 

as a function of distance. The procedure for this is rela-

tively simple, and leads to a far more accuratB model than· 

one based on a single exponent. 

!,. • Ne.twork Model 

For our network model we have employed, as previously 
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indicated, the Bureau of Public Roads Network Model. We 

have made slight tnodificatio~s to this model in the process 

This model makes use of the zone to zone trip table I 
I 

whereby vehicles are assigned to roads. 

supplied by the traffic generation and gravity models and 
r r-: 

assigns these trips to the highway links forming the minimum 

travel time paths between th~ corresponding zone pairs. 
- -· -~--

With approximately 500 zones, there are of the order of 

250,000 zone pairs and associated minimum travel time 

paths. When several assignments are made in an iterative 

proce~s, with link travel times adjusted each time to 

account for link congestion found in previous assignments, 

even more paths will result. 

It is cleaLJ.y check • 1- ~-
L...HC 

travel time paths. We have, however, plotted a represents-

tive sample of these paths. From this inspe~tion we can 

note in general that these paths look reasonable. Paths 

between distant zones tend to lie along major freeways 

where appropriate. In general, the paths computed corres-

pond very closely to those which one would tend to select 

from reading a road map and trying to balance direct routing 

(minimum distance) against the desire to travel on faster 

highways which avoid congested areas. 

Since it is 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 specific set of li.nks where tl1ere 
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is reason to believe that accurate measures of traffic counts 

have been taken in the· past. These are links on which 

permanent traffic recording atations are located. He have 

used the average daily traffic for the year as the indi-

cator to which we wish to calibrate our model. 

]_~ MODEL LIMITATIONS 

The accuracy and validity of the model· ;Te have developed 

is limited by a number of factors. 

1. Data Limit~§-tio_g_§. 

Althoug~ a large amount of traffic data have been 

collected in the State of Michigan, a relatively small 

portion of it has been oriented towards mehsurements which 

have proven useful in our work. The earliest decision 

which was necessary concerned whether to base the model 

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 links, but provides very little information 

about car movements outside an origin or destination which 

do not travel on these specific links. The external 0/D 

data for metropolitan areas furnishes detailed information 

on all traffic entering or leaving the zone in question, 

but say little concerning the highways over which this 

traffic travels. In theory, a model could be based on either 

set· of data, but not easily on a combination of the two. 
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After examination of the data we determined that the 

metropolitan area data·was the superior set on which to base 

our model. The sc1~een line data were not available on a 

sufficient number of links in a well planned manner to permit 

the type of analysis that would be needed for constructing 

a model, Furtl1er, the analysis of the link data provided 

by the Mississippi Screen Lines is a far more complex process, 

and is less easily adapted to existing network computer 

programs, than is metropolitan O/D data. 

However, the metropolitan data itself suffers some 

deficienciet<. First, the available data on external trips 

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

whdle, rather than splitting it i.nto zones as is necessary 

Lor.- ut:>P. i rr <-1 ,,,~.i~wnr K urnJ.P1 

data on small. towns and rural areas. The latter bias shows 

up from the fact that for all but one of the nino cities 

on which external O/D data were available, the attraction 

of traffic to these cities was greater than the production 

of internally registered traffic taking trips out of the 

c.ities. If this characteristic was applied to the whole 

; ... -
· .. , State of Michigan, it would lead to an impossible and 

unbalanced situation. 

We must conclude, therefore, th~t our results are 

based on biased data, and suffer potential inaccuracy be-

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

able for a sufficiently broad sample of zones. 
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~Tune-up Procedures 

By the application of sufficiently elaborate tune-up 

procedures, it would be possible to develop a model which 

would fit almost perfectly actual observati-ons of critical 

link densities. We have not followed this process, however, 

because we believe such models provide a form of 11 false 

accuracy." By having a sufficient number of constants and 

other parameters, which can be adjusted to fit observations, 

it is always possible to achieve any desired level of 

accuracy in describing past situations. The p1·esence 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 

specified value. Accordingly, we have used a relatively 

crude tune-up procedure~ and--as a result--have significant 

errors in the resulting link densities. We believe our 

procedure is the mar~ sound, however, since there is no 

"false accuracy" present, and the fe\.;r 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 in the area of forecasting of inputs. This 

is always a difficult process, and efforts to minimize the 

difficulties and errors of these forecasts have b~en respon-

sible for much of the relative simplicity we have incorporated 

in the model. 
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.li.:.. HODEL PERFORMANCE 

The Michigan Hi&hway Computer Model has been completed 

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

planning and the development of more immediate decisions 

concerning highway transportation requirements for the state~ 

Limited erxor check.ing of model assignments 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 approxi.mately 57%. A simple scaling adjust-

ment can be u~ed to compensate for this bias, resulting in 

an average assignment error of approximately 40% over link 

voaumes ranging from under 1000 ADT to 30,000 ADT. 

The present model represents completion of the first 

a eve lo p1H~-> ll i ..! - ~- -- - ..... 1 ..... t.. 1 ~T 
.J..O J. ,__, • ....,._ ~,.._..._....._J 

when compared with models of similarly complex processes in 

their early stages of development. As is common with newly 

developed models, howe~er, significant improvements can be 

made both through a number of adjustments and improvements 

of an immediate nature, particularly with respect to the 

zone structure and link network that are employed, as well 

as 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 cl1arac-

teristics are favored by a modular system. The use of the 

Michigan Highway Network Hodel requires three major steps: 
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input preparation~ computer runs, and output analysis. 

These steps are described briefly below. 

The basic inputs required for model operation include: 

Forecasts of populati.on for a target year must be made 

for each zone in the network. A machine read __ ~ble tape con-· 

taining such forecasts on a township basis for the two basic 

target dates, 1980 and 2000, as well as for 1965, 1970, and 

1975, and a program to convert this data to forecasts by 

in-state zones has been prepared by the State of Michigan. 

Interpolation between these dates can be employed if other 

'·'i target years are desired; otherwise, these inputs are avail-

a 1., l t:. w :i. L ltlj u i__ ; u .r. 1.. u t;:'. ' u u man _in i: e. r v e Ill-ion . Manual prepara~i0~ 

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

few) is required. 

The Highway Department of the State Df Michigan has 

already prepared estimates of future total vehicle miles 

for the state for years in the future up to 1990. In 

conjunction with state-wide population figures, these can 

be applied to provide the growth factor estimate, relative 

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

c. Vacation Trip Destinations Allocation 

Because vacation travel does not follow the same pattern 

as other traffic movements, it is necessary to allocate 

expected vacation destinations among the various zones in 
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the state. For the present model, we have made tise of data 

from a sampling of Michigan and out-of-state vacationers, 

and have used Mackinac Bridge data to convert these figures 

into an estimate of total vacation travel. As further 

vacationer samples are taken, the inputs we have employed 

can be altered and specific changes in vacation patterns--

such as unusually large growth in some counties which 

provide special facilities--can be incorporated. 

We anticipate that automobile travel for vacation 

purposes will probably grow more rapidly than overall 

movements. Separate estimates of the growth rate of vaca-

tion travel can be incorporated-if desired-- to take this 

L 

I 

Finally, data on any new links or changes in the 

existing network must be incorporated. Links are specified 

in terms of the distance and travel time or speed between 

the two nodes that they connect (bearing in mind that one 

or both nodes may not have any population and, therefore, 

lack any traffic generation chara~teristics). The links 

must also be characterized in terms of their capacity, 

since this factor is employed in route allocation. 

When the above data are available, the inputs have been 

adequately specified for the conduct of a computer run. 

£_. __ C..£!!1P. u t e r R u n s 

The computer runs take place in what amount to three 

steps: 
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a. BP_R Run 

The Bureau of Pub~ic 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. Trip Distribution Model 

The trip distribution model takes data d_.:'veloped 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 of 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 

c. BPR Model 

The BPR model is then run a second time, employing 

the trip table produced by the trip distribution model. 

In this step, the BPR model determines specific routes which 

will be followed in making zone to zone trips, computes 

traffic densities on all links, and performs certain re

allocations of traffic in cases where one or more sets of 

links are overloaded and alternate routes, which could lead 

to shorter trip times under these traffic conditions, are 

available. 

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 he conducted thereafter. Since there 

will be of the order of 2,100 individual links forming 

approximately 250,000 paths, it is obvious that this 

analysis must be narrowly oriented if the user is not 

to be overwhelmed by output data. Tabulations can be de-

veloped indicating the most critical links in the system, 

or a specific family of links or paths can be examined in 

detail, without the full data developed by tloe computer 

being displayed. We anticipate that the most useful outputs 

'·: -_1 
will be det~rmined over a period of time) as experience with 

the model is gained. 

There are a variety of forms in wl1ich the network model 

1,_ -
v~ ::tnd exnerience at·e gai.ned. 

In general we do not anticipate that the fundamental. network 

structure of the BPR model will require significant alter-

nation. However, as fbrther metropolitan O/D data is col-

lected within Michigan (or adjacent states with similar 

socio-economic conditions) it may prove worthwhile modifying 

the traffic generation functions, especially for heavy 

trucks--and these in turn may lead to an alteration of 

the exact equations used for the deterrence functions in 

the gravity model. In the area of vacation travel, data 

currently is very limited and some specific components--

such as out-of-state travelers passing through Michigan 

on vacation--could well receive specific attention. In 

general, however, ~11 of these sub-models can be altered 
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significantJ.y without influencing the main strt1cture of the 

package of programs. 

In the area of output 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

analysis steps required for these purposes, it should be 

possible to develop a post-processor which performs a major 

portion of the post-run analysis. In this manner, the 

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

computer runs can more quickly and effectively be applied. 
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IMPROVEMENTS POSSIBLE WITH EXISTING DATA 

The efficiency of computer operation can be increased 

through a number of modifi.cations to the computer programs. 

ADL-Time Convert and ADL-Time Add can be integrated into 

a single program. Also ADL-Trip Convert can be modified. 

At present separate runs must be made to produce a major 

or minor trip table in the BPR format from a Fortran format 

trip table for each trip purpose. With three trip purposes, 

this requires six runs. In addition, PR-152 must be run to 

'1'1-....-.-.,,..-,.h '<'"">,.,.,1-t+-'lr•~+--!-..~ 
-·&L--M•• -~~~-~~~~~~~~, 

Convert·can be programmed to read in all three Fortran 

trip tables simultaneously, merge them, and generate both 

the minor and major trip tables in a single run. 

It has also been noted that many of the control options 

in ADL-Trips and ADL-Vacation are exercised through simple 

modifications to the programs themselves. Onc.e 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 compilation. 
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It is clear that some, although by no means all, of 

the discrepancies observed between volumes assigned by the 
~ 

in the highway network rather than in the model itself. 

·~. 

~ -

' l 
I 

I 
l 

I 
I 

model and volumes actually observed are due to inconsistencies 

Virtually all traffic studies emplo~ing network models have 

found that significant improvements can be obt-ained by 

making adjustments to the network once preliminary assign-

ments have been made. Such.adjust~ents include modifications 

of link speed~ and alterations in the placement and length of 

pseudo links. 

In making such adjustments it is important to differ-

ent~ate between those 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 

to actual ADT data; for such data is not available for the 

purpose of adjusting proposed future networks. 

It is quite likely that worthwhile improvements can 

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

I 
I 

The assigned volumes, including those on pseudo links, should 

be noted on a network map. The map should then be examined, 

for link volumes that are unusually large or small relative 

to neighboring link volumes or volumes on parallel routes. I 

Similarly, sudden discontihuities in link volume should be 

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

the links on one r6ute may be too high relative to those on 
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a parallel route, resulting in an excessive diversion of 

traffic to the faster one. Large discontinuities may reveal 

that additional pseudo links 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 included in the network. If accurate 

assignments are required in that area, more of these highways 

should be--included in the network. If, as in the Detroit area, 

the primary purpose is to provide a mechanism for routing trips 

from Detroit to other areas and for permitting other trips to 

pass through the Detroit area, proper behavior may possibly be 

achieved by increasing the capacities listed for these over

loaded links. 

Out~of-state links and pseudo links connecting 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 

Michigan channels too much traffic through Menominee County 

at its noJ;_thern end. Additional highways leading from 

Gogebic, Iron, and Dickinson counties toward the Chicago area 

would eliminate the diversion through Menominee County of 

traffic between the western tip of the upper peninsula and 

southwestern Michigan. 

As 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 tha purpose 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 to determine 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 earlier, time was not available to correlate 

the rows in the trip table corresponding to the nlne 0-D 

study cities with the 0-D data itsdlf. Such as analysis 

would be useful in determing the accuracy of the trip table 

entries. 

Significant errors between assigned volumes and observed 

i 
i ,-, ADTh have been noted on many of the links. It may well be, 

however, that on many of these links such a disparity wouJ.d 

be consistent from year 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. In other 

words, perhaps the relative change in 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 year. 

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 period, the. analysis could 

be restricted to links not likely to have been affected 

by highwar system improvements over the time periods 

considered. On the links selected, an analysis should 

be performed to determine how well relative changes in 

assigned volumes correspond to ~elative changes in observed 

volumes. 

As discussed in Section II B-3, a technique for pro-

clueing a second smoothing of the entries in the trip tables 

for general and heavy truck trips has been developed. 

Analysis of trip table summaries indicates that this 

process may well produce more accurate trip tables. No 

traffic assignments have been made using such trip tables, 
···.-. 

ho'tvever. It would be useful to do so in order to determine 

' ' 

whether or not this process is worthwhile. 

f ~ Development of Imr::roved Mf'::.~~lJ~-~s o_L _ _value. 

The present statewide highway model produces a set of 

traffic volumes assigned to the various links in the system 
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together with related summary statistics. 

Various measures of value or effectiveness must be 

applied to these results as an aid in determining the relative 

desirability of alternative proposed highway systems. At the 

outset of this project, we intended to develop a number of 

such measures and to develop a computer program for their 

application. Unfortunately, time was not available for 

performing this task. Such an undertaking would form a 

very wort~while future program. Some preliminary thoughts 

on this subject are described in Working Memorandum MLE-3, 

dated December 17, 1965. 

a. 

IMPROVEMENTS REQUIRING NEW DATA 

_I_n_c_l_l! s i v u c f=--':.:'-c.=dc:d'-:;.=-· "t'-'i'-'.:;'-r=-'-"a'-'1'-C=----"D'-'D=--=ac:t:..;a=--=i:.:i-:._' _T, riP 
Distribution 

Data from a number of external origin-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 produce any significant changes ,...,__-

to the model.. 

A serious deficiency of all this data, however, is 

that they focus only on traffic to and from urbaD 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 

' statewide 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 
Fore_casting Trip Distribution 

The present rip distribution models for general trips 

and heavy truck trips use only population to characterize 

the individual zones. Additional kihds 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 Federal Highway Administration and converted 

to a data file for the Michigan zones would provide a useful 

source of such data. Extensions of the model should be 

approached conservatively, however, for the cise of additional 

types of demographic data will increase the problem of making 

forecasts for future time periods. 

c. ImpEovement of the Vacation Trie Model 

The present vacation model is very crude. Suggested areas 

of improvement are listed in 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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d. Analysis 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 is some question as to whether the trip estimates are 

in fact representative of year round ADT rather than summer 

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 year. Although O~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, 

trip purposes which in turn have different trip lengths. 

Hence, such scaling is not likely to provide very accurate 

results. 

A useful program of major dimensions would be to analyze 

the manner in which trips of ~iffer~nt purposes vary by hour 

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

distribution models for these different purposes, and the 

use of scaling coefficients to represent the trip purpose 

mix for selected time periods, would permit the development 

of a model which could estimate seasonal, doily, 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 employed. 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 vacation or recreational. 

The development-~£ such models would constitute a 

project of considerable size and duration. A feasibility 

study would be worthwhile before embarking on such a 

program. 

e, Analysis of the Rural-Urban Interface 

Lo~-.c.c..:_ -·--·'-1 ~-
I...LO..L..L...l. ..... lLIVU.C..L. ..L.b cv 

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 statewide 

model, because they are the· source of m11ch of the traffic 
-.- . 

on the highways in rural areas and because much of the 

statewide traffic passes through urban areas. In our analysis 

of the traffic assigned to links within the Detroit Metro-

polltan area, we found substantial problems. 

It would be most worthwhile to perform a 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 charatterizing external traffic 

movements for use in urban traffic models. 
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NO'£E: 

Data presented in this appendix are the results of a 

preliminary 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 forecasting 

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 line similar to 

the dotted lines on each graph. The future forecast for any 

specific route might be determined by obtaining the fore~ 

casted traffic volume from this trend line for the year 1990 on 

the X-axis of these graphs. These values are represented by 

the diamond on each graph. The projected traffic volume 

from the preliminary traffic forecasting 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 

the state but the results are encouraging and complet~on 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 Method o:f CoHision Location 
MURRAy· D. SEGAL, Transportation Consultant, and 
ROGER L. MALLAR, Planning and Ti·aflic Engineer, 

Maine. State Highway Commission 

The development of accurate and efficient accident location systems 
is of prime importance to the highway and traffic engineer. During 
the past two years the Maine State Highway Commission had devel
oped a location system that is based on network principles widely 
used in the highway plaiiDing field. This paper describes the de
velopment of the systems, beginning with a review of alternative 
methods available and ending with an evaluation ·af 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 economica~ and flexible tool that has 
greatly enhanced the capability of the engineering staff to utilize fac
tual data in the safety program. 

•ACCURATE 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 proportions that the general 
public reacts is not a satisfactory operating procedure to the professiOnal engineer. 
Therefore, current accident location data that enable· the engineer to determine quickly 
those locations at which accidents are occurring 9r 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 patterns to 
highway characteristics and thus provide the basis for corrective measures. Further, 
a properly established accident records system will provide the enbrineer 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 program. Also, those involved in the public relations aspects of highway safety 

Category 

State highway 
State-aid hijjhway 

may make effective use of accident lo
cation and other data to provide a well
oriented service to the motoring public. 

TABLE 1 The first step in the process of devel-
H1GHWAY MILEAGES oping an accident location system was a 

review of the extent and nature of the 
State 
(mi) 

Includes 

F. A. P. F. A. S. 
{mil (mi) 

1,876 1,724 
779 

highway systems in the state. As given 
in Table 1, there are slightly more than 
21,000 miles of highways in Maine. 

Townways and miscellaneous 

3,859 
7,628 
9,785 5S 

State systems are described as state 
highways and state-aid highways. The 
State Highway Commission is responsible 
for construction and maintenance activi-

Tot.1.l 21,272 1,934 2,503 

Paper sponsored by Committee on Highway Safety and presented at t~e 48th Annual Meeting. 
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ties on the state hig;hway system, whereas on the state-aid system these resPonsibili
ties ate shared with the local mw1icipality. More than 3,800 miles arc designated as 

·state highways, and son1c 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.A.I. F.A.P. F.A.S. N.F.A. Total 
0 

State highway 220 1,656 1,724 259 3,589 

State-aid 779 779 

' 4,638 

In total, ·there are some 4, 600 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 distinctly rural in nature. 
Even though only 6 percent of the highway mileage is classified as urban, it was as 7 
sumed that the absolute 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 resulting data have shown that 40 
.to 50 percent of all the accidents r.eported occur·in urban environments. 

EVALUATION OF ALTERNATIVES 

Objectives 

There has been considerable discussion in recent years on the su.bject 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 hy the Maine State Highway Commission to emphasize the improvement of the 
collision location process as a beginning step in improving the whole records system 
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 events on state highway systems. Col
lisions, then, were only one item among nu1.ny pieces 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 higlnvay·nciwork, the details 
of the inventory routine have not in the past been identical or even compatible. For 
this reason, the formulation of. objectives for the collision location method assumed 
considerable importance. These objectives were summarized as follows: 

1. The method should be sensitive enough to accurately identify high-frequency 
accident locations, and permit basic research on the relationship of desig11 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 field. 

3. The method should have maximum potential for use as a general ~oad inventory 
procedure. 

4. The method should have potential for uses other than collision (motorist infor
mation and guidance, traffic plru.ming, etc.). 
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5. The cost of the systen1 should be minimal. 

The problem of inventorying collisions, desib'11 features, or any other descriptive 
element or event on a large highway system initially assumes substantial dimensions, 
but the use of high-speed computers with large storage capacities and easy access 
have reduced the problem considerably. The task of the state highway engineer in 
designing and carrying out tllis inventory may be compared to the inventory control 
problem frequently. encountered in private industry. 

The first requirement-that the method be accurate enough to identify high-frequency 
locations-was, of course, the basic reason for the program, since the requir_ement has 
seldom been met. Some of the specific accuracy problems that had plagued Maine's 
Planning and Traffic Division are discussed in a later section. 

Because the police investigator was to remain the principal source of data collec
tion in the foreseeable future, the method chosen for improving the location process 
must be sirnple, concise, and not involve cun1bersome or time-consuming procedur'es 
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 opportunity 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. Keeping road inventory information on one location 
basis, traffic volume information on another, 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 ictentical location basis, rather than correlating different location procedures 
with lengthy computer routines. 

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 system 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 to 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 th!== 
Bureau of Public Roads' Office of Research and Development. In the highway planning 
field there would be considerable advantage in a collision location method that would 
have some compatibility with existing traffic assignment procedures, since this could 
simplify areawide or statewide traffic assignments. 

Althouih the ability to accurately locate collisibns is of basic importance, it is only 
. a tool to be used in reducing collisions, and the resources committed to developing the 

tool should be reasonable. The maintenance and operation of th<:l whole location pro
cess in future vears was considered an important part of the total cost, which had to be 
balanced with ihe initial investment. Thus, a Procedure that might eliminate the need 
for reference markers in the field would be desirable 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 enforcernent agency, the 1L1ine State Po
lice. In this state, collisions are reportable if a personal injury results or if total 
property damage exceeds $100. The state statutes require that the police agencies 
investigating accidents file standard report forn:s with the State Police Headquarters 
and that. drivers file similar reports. For the most part, dri\rer reports are not used 
by the State Highway Commission. The Maine State Police have had the ._;responsibility 
for processing the basic information. In 1D66, a total of 21,000 accident reports were 
filed with State Police Headquarters. The lev.el of reporting is considered to be rea
sonably good, although 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, (c) name or 
number o£ street or highway,. and (d) distance and direction in milqs and tenths to a 
la.ndmark. 

Police were instructed to measure the distance from a landmark to the collision 
site using the vehicle odometer and also indicating the appropriate direction. They 
were encourabed to use intersections of US- and state-numbered highways as "land
marks." Experience in using the data had defined the following kinds of problems: 

1. Locations based on the name of a business or residence. 
2. Locations based on a street or highway name that does not appear on available 

maps. 
3. Locations referenced by utility pole numbers. 
4. Locations that were long distances from the reference landmark. 
5. Errors in the direction from the landmark to the collision site. 
6. Vague or incomplete data. 
7. Estimates of distance rather than measurements. 

In short, the location data, as available, did not provide the necessary accuracy or 
adaptability to machine processing to accommodate the expanding needs of the Maine 
State Highway Cmllmission and other state agencies. For ~hat reason, early in 1967 
the State Highway Commission decided to establish an interim records system that 
would ntaisfy the needs of the Dep'S.rtment until such time as proposed modifications 
to the existing records system were completed. As a beginning process, copies of all 
196.6 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 proee
dures that have been developed in other states. A review of the literature and personal 
contacts with some of the state .PJghway departments revealed four basic different 
methods of accident location then in use or under development, as follows: (a) route 
number and .accumulated mileage (reference m~rkers at regular intervals), (b) route 
number and accumulated mileage (reference markers at irregular intervals), (c) 
route number and accumulated mileage (no reference markers), and (d) coordinates. 

The most commonly considered method of accident location was based on route num
bers and accumulated mileage, witl1 signs posted at specific intervals (usually one 
mile). In its usual form the signs showed the mileage for a particular route beginning 
at the state line ancl 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 site, or otherwise must be aware of their sequencing, and 
then measure the distance to one of these sig11 locations. He adds the distance mea
sured (usually to the nearest one-tenth mile) to the "lowest sig11post number andre
cords it in this fashion. Measurements are commonly done with vehicle odometers 
reading in one-tenth rnile increments. 

Several problems were ~pparent in the application of this procedure in Maine. The 
first of these concerns the difficulties that arc encountered with overlapping route num
bers.· A considerable portion of the state highway system carries more than one route 
number. 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 rr3porting problems on the local level, but the entire mileage 
of routed highways, whi"ch is change·d from one location to another, is u~ually quite 
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srnall in any particular year. Changes in the lengi:h of a particular route because of 
reconstruction or reloeation would, however) have a sip1ificant effect on the proce
dure. It would require the repositioning of a substantial number of signs in lhc Hc:ld 
to rnainlain lhc conlinuily o[ the sy.slem or as an allcrnate solution the use of additional 
cqur~tions. In urlJan areas,' lhe rcporlinr; of accident localions on lhc basis of roulc 
number and accmnulalcd milca~e would be inadequate and further information would be 
required. It was realized that the accident problem is urban oriented to a sig11ificant 
degree, even in the rural St:~.te of I'vlaine. The last ;md perhaps the most serious dis
advantage of the re~lar milcposting procedure is that the locations that are referenced 
in the field have little Ol' no sip1ificance in terms of chang-es in the environment. The 
locations are strictly controlled by the posting interval and are thus not the plitee where 
traffic volumes or highway design and operating elen1ents change. Obviously, if the 
locations that are referenced by signs in the field have some significance in terms 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 1Jarticular intersection or group 
of intersections. This is a task that Maine's Planning and Traffic Division is most 
frequently required to accomplish. Under the milepost procedures, efficient 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 results could 
be obtained for complex intersection configurations. It would be necessary to search 
at least two, and possibly three, different route numbers and accumulative mileage 
figures to be Sure that all accidents are recalled for the specific location. 

The posting of route mileages at ~xisting landmarks occurring at irregular inter
vals would eliminate some of the disadvantages of the regular interval posting. , Sev
eral states, which are using this procedUre, 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 locations. Conside_rable 
use has to be made of traffic signs as locations for field referencing, Since these 
signs tend to cluster rather than occur uniformly over a given stretch of highway, and 
since signs are not permanent in nature, it was felt that the method had serious draw
backs for use in the st;t.te, even though reference marker costs are lower. A com
plete sign inventory is not available to the Planning and Traffic Division, and thus- de
sign of the locat.ions would have had to be accomplished 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 requires distribution of maps to all accident investigators. In another case, the 
location coding is done in the office based on the usual data reported by the police auth
orities. In both instances reference markers in the field are not a part of the system. 
The procedures would have been difficult to apply in Maine, due to the lack of suf
ficiently detailed straight-line diagrams. In addition, the original problems of data 
handling with the rnileposting procedure are still in evidence. From a long-term cost 
stimdpoint it was felt that the cost of inst'llling and maintaining field reference markers 
would be less than the cost of coiling all accident locations in the office. 

The last concept, which was under consideration by several states, 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 .arnount of topographic and cultural de
tail. These maps would then be distributed to the investig-ators who would determine 
and report the coordinates of the collision locations. An alternate procedUre would 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 
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locations as currently reported by the police investigators, and it was felt that major 
hmovations in the reporting process would be required. The first approach, involving 
the distl'ibution of maps to the police investig;ators, was thought to be too cumbersome 
and complicated for the average investigator. In addition, the correlation of accidents 
\Vith highw~1y design and operatinl~ clements would require a complete digitizing of lhc 
higlnvay system, a long and costly process. Development times for either of the two 
approaches were considerable and would have meant substantial delays in this portion 
of the trufiic safety program. 

In an effort to combine some of the advantages offered by the different alternates, 
the Planning and Traffic Division decided to evaluate a proposal that accidents be lo
cated on the highway system according to a simple nodal principle. The proposal 
called for numbering and posting in the field of all major intersections on the highway 
systGm, as ·well as city-town lines, urban lines, railroad grade crossings, and majot 
bridge structures. The concept was adapted from the highway plam1ing process that 
simulates highway networks on a nodal basis for traffic assignment purposes. Under 
the procedures proposed, the policeman would indicate the accident location by one of 
two processes, depending on the location. If the acc:i,dent occurred at an intersection, 
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 to the concept now used; that is, he is locating the accident site by refer
encing it from a known landmark. Jlowcver, 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 numbers on both sides of the accident site. The method is adaptable to 
rural and urban locations, and is partic'.llarly valuable on limited-access facilities, 
where individual ramps can be posted according to the same basic principles as other 
roads. Th13 processing of the data using the method entails a minimum amount of 
work. In the first place, location of the accident is reported in numerical form, which 
is computer oriented. 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 adaptable to some of the more sophisticated 
proposals for route identification and guidance. Work now in progress by the Federal 
Highway Administration indicates that such systems will be based on the identification 
of decision points (intersections) on ,the highway rietworks. 

It is emphasized that the method of identifying intersections is adaptable to descrip
tion by coordinates, and it is possible ·that the coordinates of each node will be estab
lished at a later date as the mechanical plotting process gains importance. 

DESIGN OF THE ACCIDENT LOCATION SYSTEM 

Map Numbering Sequence 

The first 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 to the entire street and high
way mileage in the state, even though the first concern would be limited to the 4,600 
miles of federal-aid and state highways. This decision, coupled with t.he desire to 
maintain four digits as the maximum on the field reference markers, meant uiat the 
numbering sequence would be unique on a CO\-mty 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 1naps showed that approxilnatcly 10,000 locations would be signed initially 
on the 4,600-rnile federal-aid and state highway systems. 

A tot..tl of six alternate munbering; schemes were reviewed in some detail. Most of 
the schemes reviewed carried information identifying the highway system 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 systen~ designation as follows: 

Highway System 

Maine Turnpike1 non-Interstate 

Interstate Highway System (state highway) 

federal-aid primary highway syst.em (state highway) 

Federal-aid .secondary highway system (state highway) 

Federal-aid secondary highway system (state-aid) 

Non-federal-aid highway system (state highway) 

Reference Marker 
Number Range . 

9700-9999 

9000-9699 

7000-8999 

6000-6999 

5000-5999 

4000-4999 

The sequence as designed provides for (a) ease of sorting by highway system, (b) 
coritinuity 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 ill ascending order from south to north and west to 
east along routed highways. The limited-access facilities have been treated as two 

Figure 1. Typical occident !ocatiqn map. 

.-., 
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TAllLE 2 

FH.l':QUENCY Ol-' REFERENCE MARKJm.S 

separate roadways and numbered ac
cordingly with reference markers also 
located a.t ramp terminals. Reference 
markers have also been located at the 
intersections of directional roadways 
within major cha1melized intersections. 

Co\mty 

Andn)::<C~l~in 
ArOcl:>hlc)k 
Cumlll'dand 
Fr.lnkUn 

Hant'UCk 
Kennebec 
Knox 
Lincoln 

Oxford 
Penobscol 
Piscatuquis 
Sag.tdahoc 

Somerscl 
Waldo 
Washin~on 
York 

Total 

llighway Sytil('ll\ 
Mika~c 

167 
724 
359 
243 

264 
323 

88 
129 

342 
453 
145 
99 

364 
169 
336 

_E_!. 
4,526 

No. of 
Rt>fl'r<'ta:e 

Marlu•r 
LocatiOillS 

600 
1,074 
1,352 

320 

585 
843 
256 
235 

493 
1, HJO 

220 
253 

622 
325 
534 

__!_d!! 
10,119 

Lu1·a1tuns 
JH!l'Mlle 

3.6 
1.5 
3.8 
2.8 

2. 2 
2.6 
2.9 
1.8 

1.4· 
2.6 
1.5 
2.8 

1.7 
1.9 
1.6 
3.8 

Av[I. 2.2 

Preparation of Maps 

Subsequent to defining the rules for 
numbering reference points on the high
way,s, the Highway Commission prepared 
a series of 162 maps (Fig. 1) showing the 
loca,tion of each reference marker. Thes"e 
maps were produced to assist in the field 
installation phase, as well as to provide 
a test of the location process· (without 
benefit of reference markers in the field). 
The base maps for this project wei-e 
existing general highway maps prepared 
and maintained by the Highway Commis-
sion. The rural series (scale 1 inch ~ 

1 mile) contains a considerable amount of culture, while the urban series (scale 1 
inch = 600 feet) generally 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 systems considered. 
The frequency of re_ference markers is directly related to the degree of urbanization, 
and this is clear from the data in Table 2. Androscoggin, Cumberland, and York 
counties are the most urbanized counties in the state and have the highest marker fre
quencies. In no case was the distance between reference markers allowed to exceed 
1 ri1ile in urban areas or 2 miles in rural areas. 'Where this would have occurred, 
due to the absence of an intersection, bridge, railroad 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. It is noted that intersections account for approximately 80 percent of the 
total. 

Test of the Location Process 

The next step in the development of the records system was the creation of an ac
cident records file for the federal-aid and state hig.hway system~ using the accident 
location process as previously described. It was recognized that the process itself 
should be subjected to a thorough test prior to an investment 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 

Type of Location 

Intersections {and urban boundaries) 
R•lilroad t:"rade crossin;:s at intersections 
R.1ilroad g-rade crossings between intersections 
Bridg"cs 
City, town lines 
Dummy nodes 

Total 

13.0 

No. of 
Occurrences 

8,203 
43 

167 
572 
764 

_12Q 
10,119 

Percent of 
Total 

81.0 
0.4 

1, 7 " 
5. 7 
7.5 

....1:1 
100.0 



Figure 2. Reference morker insta!!otion. 

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 difficulties, a decision was made to establish a records file 
using existing accident reports (i.e., the previous year, 1966). Photocopies of all ac
cident reports (police) for the calendar year 1966 were obtained and processed. Lo
cations were fixed as accurately as possible with the existing data, and those collisions 
occurring on the federal-aid and state highway systems were recorded on punch cards 
for rapid analyses. The Highway Commission has continued to receive and process 
copies of the original source documents during 1967 and 1968. 

In gener'al, 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 ref
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 test" of the methodology was successfully completed, the Commis
sion adopted the process and decided to install the field reference markers on the en
tire 4,600 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) on a 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 winte.r 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 the installations. This 
phase of the pro:pcam cost a total of $57,000 and was partially funded by the National 
Highway Safety Bureau. 
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No. of 
Acci(kntli 

I 
2 
3 

5 
6 
7 
8 
9 

10· 

TABLE 4 ' 

STATEWIDE ACCIDENT DISTRIOUTIOX, 1\JtiG 

717 
249 
119 
73 
45 
26 
21 
14 
9 

44 

Nodl':> 

Rural 

36:1 
112 
34 
18 

4 
2 
1 

Number of Locations 

All 

1,0<16 
3GI 
153 
Dl 
49 
28 
22 
14 
9 

44 

Urllan 

~)~ll 

300 
104 

55 

12 
10 

5 
1 
6 

Link~> 

Rural 

1,571 
5133 
235 
124 

55 
22 
12 
6 
3 ,. 

All 

2.2G2 
H72 
339 
179 

82 
34 
22 
11 
4 

10 

Initial Experience 

During the period of field instal
lation of the reference markers, 
the Maine State Police, which 
serves as the central records 
agency, modified the standard re
port form to provide for direct re
porting of accident locations_ by 
node-lin.k identification. At the 
same time, additional changes in 
the report form were made and a 
series of regional training sessions 
scheduled to instruct state and local 
police officers in the use of the ne\V 
form. Initial results 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 reports, 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 to a 
minimum. These efforts have been most encouraging. In addition to location-to
location data, 49 colurr~ns of other information are coded on the keypunch form. Of 
the total of 21,281 accidents reported to the central agency in 1966, 11,948 or 56 per
cent were located on the 4, 600-mile federal-aid and 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 Traffic Division consume 1% man-years 
of effort annually. 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 initial experience with the process has 
been good, and the small cost of data processing suggests a bigh level of operational 
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 
inforrnation accurately located on a systemwide basis has effectively removed these 
restraints 0 e 

Early work with the collision data involv~d summaries of accident frequencies by 
highway system and type of environment. One of these summaries 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 lint:s 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 occur at nodes. Approximately 18 percent uf 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 short time since they became available, the data have been used for a wide 
variety of projects. The following represents a pa1·tiallist 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 brid~~e accidents. 
3. A study of fixed-object collisions. 
4. A study of collisions involving animals. 
5. An.alyses of specific locations initiated both internally within the Highway Com

mission and externally by other stat.e and local agencies. 

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

0 
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IH'l'RODUCTIOil 

The Current Planning Division conducted a review of highway JJlanning 
electronic data processing in 43 [)tate })ighway· departments during 
the past year and a half. 'l'his review showed that, in many of the 
planning activities • in:provemcnts could ·be made in the manner in 
which computers are being used., 

'l'wo reasons that possibly .explain why such improvements have not 
been made are: 

l. Plannlnl; people have not been sufficiently familiar with 
computer syst.crr.s analysis or programing techniques. Consequently, 
few cha11ges have been made in the processing steps when a :r.anual 
operation has been converted to a computer oriented OtJeration. 
Insufficient consideration has been given to the interdependencies 
of data requirements among the different planning activities. 

The data processing people doin[Z the conversion worL have 
known little about the interdependencies, usually because they had 
not been advised by the planning people and because the:r did not 
have time to study the planning requirements, The result has been 
that a program developed to convert an Ol'eration merely pcrforrr.s 
by computer the same steps that had been done wanually. 

,·',, 
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~. Until about two years n.go, r:.any planning divisions had a.ccess 
only to computer systems that essentially restricted users to card 
input and output. 

Since the yrocessinp; of planninr; data generally involves a 
need·for a large input and output of records, this restriction caused 
considerable difficulty to plannitig people usinr: those cor.~puters, 

!1any States now have computers, or. are gettinr computers, with the 
potential to handle practically all planr1ing processing needs, but 
planning people are still trying to use the equipment in the same 
way they did with older, less versatile computer systems. This 
report describes a system that· should result in more efficient use 
of computers to process planning data, 

'£YPES OF DATA IN ··:nm SYSTEM 

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

1, The first group includes road inventory, traffic charac
teristics, condition rating, road life, historical,maintenance and 
accident information, It 1s sup;gested 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 maiie up 
of cultural data, one with- roadway chO.ra.cteristics, one with r;eometric 
data, and one containing administrative system information and loca
tions of jurisdictional boundaries, 'l'he system should also include 
a file of map coordinates, which are related to the road;mys, to 
provide for graphically displaying any of the planning data, 

2 .. The second group includes iriformation on finances, cost 
indexes, and highway statistics, Although these data should also 
be in separate files, the retrieval of data fron: them will be done 
on a different basis from that for the first group, 'l'hesc are 
essentially individual files that are not directly related to other 
files as in the first ~roup. The basis for retrievinp: data :i.tems 
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 aud that item will vary from user to user, 

' 

..-•': 
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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 classes of highway planning data, such as road characteristics 
and traffic volurr.es, are considered to be equal in importance and use
fulness. Each class of data should, ·therefore, be stored in a file 
that is equal to, but separate from files containine; other classes of 
data, Each file should not contain more thun one class of data and 
all data 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 
ciuplicating each other's efforts. In t;he Coordinated Data System, 
the section which collects the data is responsible for maintaining 
the basic computer file of those data, 

f-lany ot: the several classes ~f planninr, data are related to roadways, 
In rccor<.ling observations of these ciata along the roads, there are 
points where characteristics of·the data change, causing new values 
to be recorde<.l. These points of change, or breaks, must be recorded 
relative to one another. 

When the data are related to the road;;ays, the breaks should be 
rerresented in a computer file as the information about the roadway 
actually exists. This is illustrate<.! in Figure l. The breaks, or 
lengths between breaks, are not necessarily the same for one class of 
ciata as they are for another, nor arc they th.e same for one user as 
they are for another. It is difficult for the data recorders an<.! users 
to agree on breaks compatible to each of their needs. Thus, each one 

. ordinarily changes the breaks to fit hi'S own requirements, HO"-'ever, 
too often breaks are basecl on user considerations rather than on what 
actually exists. This causes data observations to he broken into more 
lenr,ths than necessary, resulting in duplications, extra coding, and 
a loss of flexibility. 

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
mined when data are collecte<.l, 

By having separate files for each class of planning data, duplication 
in data handling can be reduce<.!, the data file can l>e more current, 
and 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. 

- 138 -

i. 



\ 
' 

Figure 1. Storing Roadway Information as It Exists 
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.Several States use to advantage a sinl!,le 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 
available for either· of these uses, This point is illustrated in 
Figure 2, 

, 

CORRELA'l'ION OF ThE DA'l'A 

1. Common reference base. 

'l'here must be a way to tie the separate files tor,ether so 
that data can be combined by computer to produce analyses and reports, 
This is done in the Coordinated Data System by relatine; all data to 
a common base of reference, Since the data are related to the high
ways, it 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 followinf, 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 rrotoristS information 
about their highway location. 

A location reference system provides information about the 
location of specific points along a route, 'l'he location of non
specific or in-between points is determined by measuring from the 
specific points which is discussed under "Location of Data Using a 
Cornr.1on Base of Reference." 

Different kinds of location reference s~'stems presently being 
used or under consideration are reviewed in the following sections. 

a, Uniformly spaced mileposts. 'l'hc rr:ost familiar kind of 
reference system is the one in which mileposts are placed along the 
roadway at even rnilepoints, the distances between the mileposts 
usually beinr, the same. '!'his has been the most widely used location 
system, ~1ilcposts are normally installed on toll roads and have been 
placed on many Interstate highways as well as on Primary State hie;h
~ay routes, in some States. 
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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, 
although 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 
Hevic;J of l~ileposting on State Maintained Highways in the United 
Stutes,." 

Advantages of the uniformly spaced milepost method are: 
the method is familiar to many people; the location information is 
provioed for the motoring public; and the unitorm spacing means that 
one knows he has to go no farther than a 'fixed distance, usually one 
mile, to find a 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 that follow the 
change, and the placement of the milepoints creates a problem for 
maintenance forces that must work around them. 

b, Nonuniformly spaced mileposts. 1:../ 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, 

'I 

One disadvantage of this method is that construction changes 
necessitate a change in the sign, although in this case, the sign infor
mation alone can be changed and not the sign location. Again, maintenance 
forces have the problem of working around the signs unless existing signs 
and features are used. If the latter is used, it is probably 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 road
way to serve as mileposts. Mileage information is printed on some 
material which is then attached to the back of the existing signs. 
(One State uses a reflective material and the other aluminum strips). 

c. Reference posts. 'l'he reference post method is similar to 
both the unifornuy spaced and the nonuniformly spaced milepost methods, 
'l'he big difference is that reference posts do not carry route or mile
point numbers but carry instead an identification number. The actual 

li The report, "Highway Design and Operational Practices Related to 
Highway Safety," by the Special AASI!O Traffic Safety Committee, 
dated February 1967, refers to this kind of milepost as reference 
markers, 
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locations of the signs arc kept in central office records which show 
the county, route, and ulilepoint associated with each identification 
nwnber. 

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 method 
too. 

d, Route special feature log. There -are no signs or posts 
connected with the route special feature lop; method. Instead, a 
straight line diagram or a log is kept in the central office of the 
milevoints associated with special features on a route. 'l'hese are 
usually intersections and bridges, but could include monuments and 
other well established voints 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 milcpoint for each special feature. 
These special features are analogous to the rr.ileposts in the irregula:rly 
spaced milepost system ru1d the log is analogous 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 r>aintenance problems. 

'l'his method does not p;ive location information to the 
motoring public. The log or straight line diagram must be maintained 
on a current basis. This requires that revised sheets of the log or 
straight line diagram 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 tric<i is that 
of using coordinates, usually State plane coordinates, to locate points 
or data observations. 'Jlhis method has been considered in connection 
with accident location. ~'here have also been attempts to record 
locations of traffic and inventory sections by coordinates in order 
to tie these data to accident records • 

. Location of data in the field by use of coordinates 
requires a map alonR' with n. template or sorr:e other means of scalinp; 
the coordinate location on the r.1ap. 1\ variation, which ha-s been 
con[>iderecl in one or two ~~tutes, is to record a distance and direction 
fr01:. a 110lnt ht~.vi ug kn0\1.'11 coorC: i na~.tes and Lhcn compute the actual 
coordinates of the desired voint in the ce11tral office, 

•'' 
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'l'hc r.~njor o..dvantar.e of usi:1r coordinnt(·r.; is Llw.t, o. 
coordinate is u fixeU point in .space an<i is ur1uffecte<; l:/ cLar.;;en: 
in route lew~th or nn.mc. 'Jhus, a point on a route locatP.d t:y e. 
coordinate identification is "lways located at the srune r.lo.ce 
regardless of route changes. 

There arc four r..ajor problcns associated with the use 
of coordinates as location itientification: 

( l) Special eq_uipEent and, in many cases, trainir.p.; 
is required to get the coordinate of a position. 

(2} 'l'he process of p;etting 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 datfi along hif,hways. 

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

(4} There is no location information available to 
the motoring public. 

f. !·-1ost favorable svs Ler:.. 'Whatever system is used, an 
education process is neeued to teach people to use 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 practical 
)Jl"Occt!ure J'or locatlnv, Llll types of d11ta}, aml the costs of keepinG 
information current and accurate. A consideration of the extent to 
which the motorinf, public is served may nlso be pertinent. 

Probably the most economical nnd practical n:ethod is to 
use reference posts. An educational. effort can teach people, includ
ing the motoring public, tc;> liieasure and report l~cations using 
reference post numbers. us well as they can using roileposts. Addi
tionally, the reference post nur.ibers 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 tiH<t the motorin" public will still \,E, pro
vided with useful information. Also, the numbers could be the State 
plane coordinates of the reference post location, if desired. 

. i 
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It may be easier, or poss~bly necessary, to 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 l:lcthods described 
and still be compatible since the reference base is the sal:le. 

3. Location of d~a using .!:_S.'?rr.n;on base of reference. 

Part 2 under CORRELA'riO:i OF THE DATA described ways to locate 
roadway characteristics in the field. This part of the report will 
cover ways of identifying in data records the location of data 
relative to the roadway for data processing purposes. 'rhe followin~C 
procedures provide the !:leans of coordinatinp: several different plan
ning data files effectively even though the files are physically 
separate, 

a. Route and milenoint. Probably the simplest and !:lost 
familiar method of relating data to routes is to use route numbers 
and milepoint identifications in all data·records. 

ilith this method, every record in the data files is related 
to a rout-e 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 illustrates 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 files having both beginning 
and ending milepoints that are the same as the beginning and ending 
mile points in any record of the other file. 'rhe milepoints in Figure 
3 were chosen to illustrate how a group responsible for one of the 
files may record necessary milepoints and to 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 sequencing code is 
necessary also ·for the control sections that are presently being used 
in several States, 

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

a, 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 Beginning and Ending Milepoints. 
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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 to be updated because 
of these changes; 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. 
However, 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 
changes is to have a co1"puter program thut will 
write every record with the old route number in
to a historical file and update the existing 
records with tbe new number. Again, this would 
cause a loss in efficiency because every data 
file would need to be changed. 

(2) Missouri's method, Other solutions can probably be 
developed for these problems. One solution has been 
devised by members of the 1-lissouri highway depart
ment's planning division. 

Corridors across the State are formed f.rom latitude 
and longitude coordinates. These corridors arc giv~n 
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 milepoints along the route are 
associated with tbe basic route number in a control 
file. 1'hese points are equated with the current 
route number and the current milepoints for those 
points, Initially, the rnilepoints for both basic 
and current numbers on the srune route will be the 
same. As changes are made in the length of a route, 
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, 'l'he updating program converts this identi
fication into the basic route number and basic mile
points from the control file and enters the record 

: 
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into the data file w~th 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 lengths and numbers. 

b. No matter what the current milepoints and 
route designations change to over the years, 
data are stored and retrieved for the same 
sections of roadway, This is illustrated in 
Figure 4. 

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 more years, and. carry data for these periods 
on the same file as the current year's data. 

··b. Milepoint computed from reference post locations. Another 
method that is relatively simple from the standpoint of recording data 
in the field involves coding a distance and direction from a reference 
post and the reference post number. This information is then used by 
a computer progrrun in conjunction with the reference post location file 
to compute and store route and milepoint j.dentification 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. 

c, Length identification usin5 reference posts. A variation 
of the method just discussed ·gives the same simplicity and greater 
flexibility. The 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 one end. In the latter case, the 
length of the segment is stored. 

The milepoint locations of the 
by using the reference post location file. 
allow for retrieving data with a milepoint 
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segment ends are computed 
Thus, this m~thod does 

specification, 



BASIC 
Rnc 222. 
14.2.0 - I 5.00 

BA.,IC 
R-rl!. 2.2.2. 
14.ZO - 15.00 

\9GG 

CuRRENT 
RrE. &R.2.1 
14.2.0- 15.00 

\970 

CuRRE-NT 
R;rl!. U.SA7 
13.70-14.50 

\ 

FiGure h. Shovd11r: relationsHip of Basic identification to Cu::-rent identi

ficn.tion l;efore a.nd after route nnd construction chRnr;cs 
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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. Such changes would only affect the reference post location 
file. This would then re'luire only mating 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 
a reference post and the reference post pumber, of the point where 
some data characteristic·chanr,es, that is, at a brent 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 located as described above. 

As in the previous 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 nUJ:lber. 1'here is an additional advantage with this method, 
new data records can be inserted anywhere in any file without changing 
any other record. Ylith 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 location identification method, Of the 
methods discussed, either of the reference post methods is believed 
to have the most flexibility. 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 
inherent in each record and it is not necessary to read the next 
record to find the segment length. 

Either of these methods can be used in conjunction with 
records identified by route and ll'.ilepoint, The common reference base 
makes the identification methods compatible for data processing. 

·' 

./' 
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EXANPLES OF HOW THE COORJ)lNATED DATA SYSTEM HIGHT BE USED 

1. Route and milepoint identification 

Assume that a. series of separate data. files have been e;t ;lished 
as discussed in this report. Also assume that two of the files ";ontain 
road characteristics 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 
accident 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 14.59. 

Finally, assume that some department head wants to know some
thing about Haute 22 between milepoints 11.00 and 13.00. Say that he 
wants 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 inforr.1ation, The printed output 
for this case could look 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 request 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 can 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 with the retrieved 
data. The output in these cases may be anything from a single line to 
a complete tabulation. 

2. ·Reference post and distance identification 

'l'his example shows how distances to reference posts can be used 
as identification in do.ta records to relate dato. to a roadway. 

For comparison with the use of route and milepoint identifi
cation, as.sume, for this example, the same data files and records used 
in the route and milepoint example above, , 

' 
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0 
ROlYrE u. s. 22 

BETwaN ,, MILEPOlNTS 11.oo IU'IJD 13.00 

0 ACCIDENT NU~IDER LOCA'l'ION DA'l'A 

0 
xxxxx 11.01 TO 
XX XXX 11.90 TO 
XX XXX ll. 95 '1'0 

0 
xxxxx 11.n 'l'O 
XX XXX 11.97 'l'O 
xxxxx 12.00 fliQ 

0 
SURFACE WIDTH LOCATION 

0 22,0 11.00 TO 11.07 .·· 

23.0 11. o·r 'l'O 11.98 ) 24.0 11. 9!5 '1'0 12.98 
0 24.0 12,98 'l'O 13.00 

.·. 

0 TRAFF'IC VOLUMES LOCATION 

0 1555 11.00 TO 11.05 
1500 11.05 TO ll. 98 
1950 11.98 TO 12.87 

0 197) 12,B7 '1'0 13,00 

0 
ADEQUACY RATINGS LOCATION 

75 11,00 TO 12.00 

0 90 l2,00 TO 12.9o 
B5 12. '.ltl '1'0 13.00 

Figure 5. Sample output for example of Coordinated Data System usage. 



Assume a reference post location 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 file: 

Reference .J20St Milepost Route County 

380 ( 9.0~ us 22 . .Jason 
384 11.25 us 22 .Jason 
388 14.00 us 22 Jason 

'l'wo ways in which reference post identification can be estab
lished were discussed in the section, CORHELATION OF 'l'HE DATA, 3.c. and 
3.d. Assume that the data records of the route and milepoint example 
above are identified as described in the section, CORHJiLATION OF THE 
DA'l'A, 3.~., in which both ends of a road segment· are stored in a dll.ta 
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 that a department head wants 
to know hou many accidents have occurred between milepoints 11.00 and 
13.00 and what the surface widths and adeQuacy ratin[es are between 
these points. As stated before, a computer program takes the given 
milepoints and the information wanted as control 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, CORRELA'riON OF THE DATA, 3. d., is to identify in the data 
records the beginning points 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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Route and nulepoint Reference post and distance 
identification identification 

Road data file 

Route Begin End Begin End 
us 22 10.00 10.4) 1.00 E 380 1.45 E 380 
us 22 10.45 11.07 1.45 E 380 0.18 w 384 
us 22 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 388 
us 22 13.08 13.58 0.92 w. 388 0,42 w 388 
us 22 13.58 14.11 o.42 w 388 0.11 E 388 

Traffic data file 

us 22 9.95 11.05 0.95 ),; . 380 0.20 w 381! 
us 22 11.05 11.98 0.20 w 384 0.73 E 3811 
us 22 11.98 12.87 0.73 E 384 1.13 w 388 
us 22 12.87 14.59 1.13 w 388 0.59 E 388 

Figure 7. Identification of the points shovn 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 a Coordinated Data System, 
but would not provide the efficiency in the collection, storage, and 
use of data, 

To summarize several features of the Coordinated Data System: 

1. The system provides a flexible procedure to collect, record, 
and code data in an easy uncomplicated way. , It can provide 
maximum simplicity in collecting and recording data in the 
field, and yet provide the facility to analyze all data 
sources with any relationship desired. 

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

- 155 -



r -
(_._· 

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

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

5.· 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. Such additions would also require development of 
new computer programs. 
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