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Dear Mr. Cryderman: 

The following report was written by the Statewide Planning 
Procedures and Development Section to document their initial 
efforts to devise a more logical means of projecting accident 
rates on future year highway links. Such a development would 
prove most valuable in the safety analysis of regional trans­
portation plans. 

This report was prepared by Mr. Mark D. DuBay of the State­
wide Section under the supervision of Richard E. Esch. 

~~rely, . 

bf~trator 
Highway Planning Division 
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INTRODUCTION 

On July 30, 1974, the Statewide Research and Development Section 

published a brief report* explaining how base accident rates for old 

and newly proposed routes are calculated within the Statewide 

Transportation Modeling System. Since no technique was then available 

for the projection of these base year accident rates, they, out of 

necessity,were assumed to remain constant. Although an obvious flaw 

in this type of reasoning was apparent, it nevertheless gave the 

.Department a means of evaluating alternate transportation plans unt~l 

a better method could be devised. This report documents a serious 

attempt to find a more logical means of calculating base and future 

year accident rates on a link-by-link basis from variables which 

"physically" describe a roadway - e.g. its right-of-way, sight distance 

and/or surface condition. Although the data presented here does not 

substantiate our initial belief that it is possible to project accident 

rates with the proper combination of such variables, it does not, by 

the same token, dissuade us from believing that there is merit in 

this approach. Those who wish to contine our cursory investigation 

in this area should find this information valuable in that it frees 

them to investigate other possible avenues without fear of duplicating 

past efforts. 

* Accident Rates: 547 Zone System 
By Alan R. Friend 
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PROBLEM DEFINITION 

The following formula is presently used to calculate accident 

rates within the Statewide Transportation Modeling System. 

Accident Rate = Number of Accidents 
Distance X AADT 

X 
X 

100,000,000 
365 

Notice that the two "key" variables used in this formula are the 

number of accidents which have historically occurred on a road 

(expressed in terms of 100 million vehicle miles) and the observed 

AADT. To project future accident rates on a road, the Department 

must then be able to also project these key variables. The cal-

culation of probably future AADT has been a fairly routine process 

for quite some time now but, as suggested in the introduction, no 

procedure is currently available to forecast link-specific future 

accident rates. If the Department is to evaluate alternate highway 

plans in terms of safety, which is one of its prime responsibilities, 

it is forced to assume that accident rates remain constant through 

time. Although this assumption is unreasonable (e.g. the impact 

of technology will surely change these rates), it allows the Department 

to choose a "safest" highway plan from a series of alternate 

proposals. 

The reader who is familiar with the procedures utilized in a 

transportation modeling system* will recognize the fact that alternate 

highway plans shift minimum paths between zones and therefore the 

flow of traffic between them. Although the link-specific accident 

rates do not change from plan-to-plan, their projectd traffic 

volumes do. Logically, then, because the above accident rate formula 

is tied to these varying traffic volumes, a certain Plan will emerge 

as superior (from a safety perspective) when the historical accident 

*STATEWIDE TRAVEL IMPACT ANALYSIS PROCEDURES (VOL X-A) 
By Mark D. DuBay 
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rate is multiplied by the projected number of trips passing through 

each system link and there rates are summed for all paths within the 

system. The higher the traffic volumes assigned by the model to 

the more hazardous highway paths, obviously, the less safe the 

over-all plan will be in the final analysis. 

This type of safety evaluation ignores many crucial factors 

which may, in some way, be responsible for the number of accidents 

experienced on a certain section of the highway system. Some variables 

are too complex to be included or even discussed here (e.g. the role 

of human behavior) but others are fairly simple and, in fact, already 

exist on the modeling system's network file. Figure l, taken from 

this report's predecessor (see footnote on previous page), indicates 

that there is a definite difference in the accident rates between 

urban and rural links. As the density of traffic flow increases on 

urban links, can we be confident enough to say that accidents will in 

turn consistently rise? From the information in this figure, the 

design of a road (expressway vs. non-expressway) would seem to emerge 

as a significant variable. Does the number and width of road lanes 

significantly influence the occurance of accidents on a certain 

highway link? The point here is simply this - there is evidence to 

suggest that if a road segment possesses certain physical qualities 

it may be the site of an undue number of accidents when the proper 

combination of truly "causal" variables is also present. The question 

becomes whether such physical traits have a pervasiv~ effect; whether 

they are sufficiently related to accident rates to allow the Department 

to use this relationship to predict accidents. If such a relationship 

were found to exist, a more realistic, easily updated accident rate 

could be assigned to each system link - as its physical character­

istics change (are projected to change) so too would its assigned 

'-
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accident rate. Such a relationship would be invaluable in assigning 

accident rates to proposed highway routes which currently are 

assigned rates which reflect those experienced on "similar" roads. 

A technique of this type would lead to a better safety evaluation 

of proposed highway plans. 

-5-
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Anaylsis 

To quickly test our hypothesis that indeed a road's physical 

traits could be used as a predictor of accident rates, it was de-

cided to use regression analysis to determine the strength of the 

statistical relationship. The physical "descriptors" which were to 

be utilized as the independent variables in this analysis currently 

reside on the modeling system's network file. They have been ob­

tained from various Divisions throughout the Department and have 

undergone a conversion process only when necessary. A 1970 volume-

to-capacity ratio was used in both its daily and hourly forms as a 

possible predictor of accident rates - abbreviated as DVCR and HVCR 

in the following discussion. Other descriptive variables and hope-

ful predictors included the number of lanes (NLAN), the lane width 

(LANW), the right-of-way (ROW), surface condition (SURF) and the 

sight distance (SITE). 

The reader is assumed to be at least vaguely familiar with the 

concepts involved in regression analysis. No attempt is made to 

even briefly explain the statistics produced. The first and more 

lengthly portion of the investigation involved the use of the simple 

regression technique to determine if any relationship exists between 

the above mentioned variables and the accident rates on the major 

state trunklines. These trunk·lines included only those roads of the 

first six jurisdictional types.* 

* The 1970 network has approximately 1900 links of these types within 
the system. 
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Jurisdiction 1 - Rural Interstate 
Jurisdiction 2 - Urban Interstate 
Jurisdiction 3 - Rural FAP 
Jurisdiction 4 - Urban FAP 
Jurisdiction 5 - Rural FAS 
Jurisdiction 6 - Urban FAS 

Figures 2 through 7 show the statistics calculated when each of 

the physical descriptors are regressed against accidents on each of 

the six road types. Although the value of R2 (Fraction of Removed 

Variance) is, of course, not the only indicator used to determine 

the strength of a relationship between two variables, it is one 

of the first statistics generally considered. If a valid and 

usable relationship were found to exist between the dependent 

variable (accident rate) and 

(physical descriptors), this 

one of the independent variables 

2 
R value would approach either a +1 

or a-1. Of the forty values presented in these first six figures 

none exceed .07. No relationship is therefore assumed to exist. 

(From the scatter plots provided in the original output, no 

relationship whatever seems to exist- i.e., neither one of a linear 

nor of a curvilinear nature.) 

To be completely confident with our investigation it was decided 

to re-run the data using the simple and the multiple regression 

techniques. In both runs the dependent and independent variables re-

mained the same. But in the former (simple regression) approach 

all six road types were "lumped" together - they were not stratified 

into groups as they had for the previous six runs. The relevant out­

put appears in Figure B. The R2 value for all seven variables used 

is again extremely low. The multiple regression technique allows 

its user to emply a series of independent variables as a means of 

-7-
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PRUC OEf• J083 
DATA OEf• OESCRP HIGHWAY PHYSICA~ DESCRIPTORS 
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PROC OEF• JOB6 
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JOB OEf• ****** PRlD!CT ACCIDENTS AS A ruNCTIDN Or ROAO DESCRIPTORS FOR JUR•1•6 PAGE 1 
PROC DEf• JOR7. 
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more accurately predicting a change in the dependent variable. Typ­

ically, when simple regression analysis is used and no relationship 

between variables is found, use of the multiple regression approach 

will yield no better results. But in some cases data values "inter­

act" causing the importance of certain variables to be significantly 

improved. Unfortunately, the combination of independent variables 

which were at our disposal did not display this phenomenon. As can 

be seen in Figure 9, regressing all seven independent variables 

against the accident rates for all six road types simultaneously 

resulted in a relationship only slightly better than the previous R2 

·values (Coefficient of Determination= .0854). 
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CONCLUSION 

It was hoped at the beginning of this study that the seven 

independent variables utilized in the regression equation would 

have sufficient explanatory power to readily permit the projection 

of accident rates without further investigation or expensive data 

collection. Since the data for these variables already existed 

within the highway link file, the finding of a relationship 

between a road's accident rate and "descriptors" of its physical 
' 

features would have, of course, made the cost of model development 

extremely low. The results of this preliminary investigation 

indicated that these seven independent variables do not in themselves 

possess the necessary "power of prediction". This is not to say 

that these variables should be discounted in any future study but 

rather other variables which describe a road's physical qualities 

should be added to them. If our original hypothesis is indeed 

correct, there is a proper combination of explanatory variables -

the cost of determining exactly what this combination might be is, 

at the moment however, prohibitive. Other persons interested in 

continuing this study may contact the Statewide Planning Procedures 

and Development Section for any link-specific data they may wish to 

obtain. 
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