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Identification of High-Hazard Locations in 

the Baltimore County Road-Rating Project 

DAVID L. RENSHAW AND EVERETT C. CARTER 

One objective of the Baltimore County road-rating project was to identify 
problem sections of county-maintained roadway. A safety rating was deter
mined for each roadway section in the county inventory; sections vary in 
length and average daily traffic (ADTI as well as in physical and environmental 
aspects. Two problems in rating roadway sections are the determination of 
an adequate number of years of accident data and the choice of clear measures 
of hazardousness. Short sections that have low ADT often produce rates that 
indicate high hazard, but with low certainty that they are high-hazard sections; 
however, the use of a longer sample period may involve many changes in the 
roadway's physical characteristics, which may invalidate results . The study 
team attempted to determine which roadway sections were most hazardous 
and represented the most critical needs. The relationship of the exposure avail
able for analysis on each roadway section, the required exposure for the level 
of analysis, and the years of accident data required were studied and sum
marized in a nomograph, A three-year accident data sample was selected by 
using this nomograph . High-hazard sections were first identified with accident· 
number and accident-rate measures, and then they were ranked. More sophisti
cated measures were used to rate and rank sections for hazardousness, and all 
rankings were compared. Finally all sections were reevaluated, and those that 
were hazardous with a high level of certainty were identified . 

The road-rating project for Baltimore County used several 
factors based on the county maintenance funct ion, including 
physical (cross section, presen t serviceability rating, etc .), 
capacity, and safety factors, to rate road sections defined 
by the county. Safety evaluation of sections required that 
the occurrence of accidents be identified with a particular 
roadway section. The number and type of accident 
occurring on each roadway section are the most important 
measures of roadway hazardousness. 

Physical characteristics were measured in the field, for 
the most part, and compared with the existing inventory 
provided by the county. Calculations of capacity were made 
based on the physical features and traffic characteristics 
observed in the field or provided by the county. Accident 
data, on the other hand, came from state files maintained 
by the University of Maryland for research purposes. 

The accident data are maintained in a file in which each 
accident is represented by an accident record. Several 
times each year, accident occurdng in the state of 
Morylancl are entered into a single file consisting of 
approximately 100 000 records; the data are therefore more 
or less in chronological order and grouped by county. 

Completing the safety analysis with maximum accuracy 
and thoroughness required that the accident records be 
correctly matched with the roadway sections. Variation in 
the data tapes was found depending on which hardware had 
been used to generate magnetic data tapes and depending on 
the year. Different compilers had to be used in the several 
processing steps to take advantage of available software 
features and packages. 

Sample size had to be determined to provide adequate 
data for reliable analysis and to stay within the confines of 
project resources. The use of many years of data involves 
the risk that significant physical changes in the roadway 
may affect the analysis. For example, accidents may 
appear to be related to physical elements that were not 
present at the time when the accident occurred. The result 
of using too little data is that some hazards may not be 
caught. Also, a short sample period and consequently a 
small sample are disadvantageous when using accident 
rates. A long-enough study period was sought to allow 
hazards existing on the roadway network to have generated 
accidents and thus to have been analyzed in the scope of 
this road-rating project. 

A thorough analysis requires great care in selecting the 
appropriate measure of hazardousness. Several measures 

are available; each has advantages. More importantly, each 
has its proponents. Unfortunately, none satisfies all the 
concerns of any study or group of decision makers. Some 
studies have attempted to use several of the available 
measures, and individual measures have been weighted based 
on surveys of the importance of each measure, In some 
cases a measure of hazardousness is selected because it has 
been much used in the past. Sirnplicity and ease of 
understanding are important, but the potential for 
misleading decision makers must also be considered. This 
concern tends to lead the analyst to use several measures 
and to develop rankings based on several points of view. 
This study focused on a single measure but included several 
others for discussion and perspective. Determination of 
composite scores based on weighted measures was left to 
subsequent analysis, 

The measures of hazardousness and their suggested use 
are critiqued in this paper. Recommended procedures and a 
different use of the measures are also given. 

DATA-PROCESSING PROCEDURES 

We first determined what data were available. This paper 
describes the safety evaluation and the scope of the 
Baltimore County road-rating project with regard to safety 
analysis. Accident data are maintained by the county. The 
Transportation Studies Center has been receiving accident 
data on magnetic tape directly from the state for the past 
eight years. With changes in the hardware used to generate 
tapes, some variations were required in the procedures used 
to read the tapes for various years. Additional problems 
occurred because of tape degradation with age and because 
of the hardware and software idiosyncrasies associated with 
different manufacturers. Some data tapes for particular 
years were EBCDC (recent ) and some were ASCII (older), 
The University of Maryland computing system (Univac) 
require<l that all EBCDC data be translated to ASCII or field 
data. This was readily done but represented a processing 
step. Nevertheless, this data source was far more readily 
usable than basically hard-copy data from Baltimore County. 

All state data are written with CODOL programming. 
Both SPSS (Statistical Program for Social Scientists) and 
BMD (biomedical package) require FORTRAN-generated 
data files. Neither the standard FORTRAN compiler (FOR) 
nor the special University of Maryland FORTRAN compiler 
(RALPH) read COBOL-generated files directly. Similarly, 
the standard COBOL compiler (ACOB) does not read or 
write FORTRAN data files. 

One alternative that enables use of the state data files 
requires the generation of card images by using a COBOL 
program and reading these card images with a FORTRAN 
program. This would establish a FORTRAN-readable data 
file suitable for use with SPSS. The other alternative uses a 
special COBOL compiler (ACOB74) that contains an option 
for directly outputting data to FORTRAN-readable data 
files. The second alternative was more used and was more 
direct and less cumbersome than creating BO-column card 
images even if this was done entirely in mass storage (no 
hard copy). 

Accident data consisted entirely of digits and letters, so 
that special characters, which are a concern with 
IBM-generated files (EBCDC), were no problem. 

The first step in preparing the accident data for use in 
the road rating was to select the 13altirnore County accident 
records for each study year and put all these records into 
one file. The Baltimore County inventory is developed 
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Figure 1. General process for safety rating. 
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around a route-numbering system generated by the state in 
which each route is assigned a unique six-digit number. For 
a county-maintained route the first two digits are always 
03, The last four digits are a systemically generated unique 
number. On the accident records, the route number listed is 
this same four-digit number, and the route prefix CO is 
equivalent to the code 03. Accidents were therefore 
selected if they were associated with a CO route. For the 
three-year period studied (1975-1977), 33 091 accident 
records from the Maryland Automated Accident Record 
System (MAARS) were found that had occurred on routes in 
Baltimore County. 

The Baltimore County inventory road sections are 
developed around intersections and landmarks, whereas the 
accident files have milepoints to locate accidents. An 
inventory road section begins at the intersection of the 
subject route with a specific route or at some distance from 
ttll 111LersecL101i. Si111ilctrly, U1e e11U ~oi11t is a l)hysic1:1l 
landmark or intersection and has no relation to the state 
accident-milepoint system. Consequently, milepoints had to 
be determined for each inventory-record landmark. 

The accident locator index (ALI) file was used to find the 
milepoint associated with each landmark, since this file lists 
each intersection and other landmarks together with their 
milepoints. Since landmarks have no code number, 
computer processing was not convenient. Finding each 
landmark in the ALl was very time consuming; intersecting 
route numbers could be used to some extent, but this 
resulted in no significant time saving. The 33 091 accidents 
needed to be matched to the sections with regard to route 
prefix, route number, and milepoint; the result was the 

number of accidents occurring on each section. 
The overall safety-rating process is shown in Figure J. 

Three data sources were used: accident records (l\1 AARS), 
'identification and detailing of the sample section, and 
common locator indexing by using the ALl file. With these 
data, the accidents could be matched to the roadway 
sections, and then the safety analysis was performed. 

Computer programming was used to perform most of the 
steps. COBOL programs were written to select pertinent 
accident records and A LI records. Programs from the SPSS 
such as Aggregate were used to combine certain of the data 
records. A small FORTRAN program was written and used 
to analyze and to provide a relative rating of the sections. 

When several accidents had occurred at a single 
milepoint, milepoint totals were compiled by using the SPSS 
program Aggregate. The output from Aggregate was a 
condensed file that had one record for every milepoint 
witere an accwem nad occurrea. This comDined SPSS 
(FORTRAN) file was then merged with the FORTRAN-file 
record for the section that contained the section milepoint 
limits and geometric inventory. These two files were sorted 
so that the accident record was compared with the section 
record until the accident record exceeded the milepoint 
limits of the section record. When a section-record limit 
was exceeded, it was discarded because all subsequent 
accident records would also have exceeded the section limit. 

Accident records were initially selected by county. 
Where sampling did not include the entire route, 
corresponding accident records were discarded. Records of 
accidents that occurred on a boundary or section limit were 
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associated with the section that had that milepoint as a 
leading boundary. 

Accidents found to have occurred on the network 
sections were written and stored on magnetic tape, along 
with pertinent information. The matching-process results 
were checked for accuracy. 

The aggregate statistics, by functional classification, 
were compiled after the matching process was completed, 
The accident rate was computed for each section. The 
sections were then ranked and sorted by accident rate for 
each functional classification. 

METHOD OF ANALYSIS 

One objective of the Baltimore road-rating project and the 
basis for safety analysis was to identify those road sections 
that were more hazardous than others, i.e., to determine the 
relative hazardousness of each section being considered. 
The hazardousness depends on the general characteristics of 
accidents and the road systems. The primary task in 
determining the relative hazardousness of locations in the 
sample network was the choice of the most appropriate 
measure of effectiveness. The common measure of relative 
hazardousness is the accident rate, expressed as accidents 
per million vehicle kilometers. This accident rate measure 
is used when the road sections are very short or have little 
traffic or both. 

The accident rate expressed as accidents per kilometer 
was found to be a good measure when the volumes over the 
road sections were relatively uniform. When there was a 
significant difference in average daily traffic (ADT) among 
sections, the accident rate expressed as accidents per 
million vehicle kilometers was a better measure. Accidents 
per kilometer were reported as well as a ranking based on 
this measure for each section. 

Sections that have fewer than five accidents per year 
may be removed if a sufficient number of more-hazardous 
locations exists. For this study, sections that had fewer 
than five accidents per year were not considered in depth, 
although all statistics were reported. If more than five 
accidents per year had occurred on a road section, section 
length was considered. 

The boundary of an individual road section was 
determined by the change in some cross-sectional element. 
A very short section of bituminous (or concrete) curb on one 
side of the road was represented in the physical inventory by 
a separately identified and defined roadway section and 
inventory record. When geometric characteristics remained 
unchanged, adjacent sections were combined. However, the 
combination had to specifically avoid very short roadway 
sections, even when they were defined in such a way as to 
have homogeneo•Js geometric and cross-section 
characteristics. 

Although accidents may occur because of the presence 
of a 16-m (0.01-mile) section of bituminous curb, they 
require space to happen. A vehicle traveling at 48 km/h (30 
mph), requiring 6 s to maneuver (although unsuccessfully) to 
avoid collision and 6 s to come to rest, has potentially used 
up 152 m (500 ft) of roadway. The cause may have been a 
lane drop or other such physical element 152 m upstream of 
the accident-point location listed in the accident record. 
Our approach to the accident analysis and hazardousness 
rating was undertaken with this idealized scenario in mind. 

Where roadway sections were long and had adequate 
traffic, the accident rate was simply computed. Where 
sections were short or had too little traffic, some sections 
were merged with other sections to avoid production of very 
large but possibly unrealistic accident rates. The threshold 
where too little exposure exists had to be defined in order to 
determine how many years of accident data would allow 
retention of individual road sections as defined without 
combination and still have adequate exposure. 

Several types of data were required, including the 
distribution of road section lengths; ADT had to be 
determined or estimated; and the average accident rate also 
had to be estimated. From these an estimate was made of 
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how many sections would have too little exposure for 
accurate evaluation based on a proposed number of years of 
accident data. 

The comparison of the safety of two roadway sections 
with exactly the same physical and traffic characteristics 
should be made based on the number of accidents occurring 
on the two sections. The hazardousness must be measured 
in increments of one accident. The comparison or 
measurement is discrete based on an integer number of 
accidents. 

In such a comparison, the analysis should consider the 
relative effect of the independent variables on the 
dependent variables. Suppose that the two sections were 
identical except that one had one more driveway than the 
other. What difference (percentage) would this make on the 
relative hazardousness of the two sections? Further suppose 
that the section with the extra driveway had one more 
accident. How much more hazardous is the· section with the 
extra accident? The relative hazardousness of the sections 
can be given by 

R2 = (A 1 + 1)/EX = A2 /EX 

R2 - R1 = (A 1 + I -Ai)/EX = I/EX 

where 

A 1 = number of accidents on section 1, 
A2 = number of accidents on section 2, and 
EX = exposure (equal for both sections). 

(I) 

(2) 

(3) 

If EX is 161 million vehicle-km (100 million vehicle miles), 
t>R 1 accidenVl 61 million vehicle-km = 0.006 
accident/million vehicle-km (O.O l accident/million vehicle 
miles). This result would seem reasonable in that an 
additional driveway is associated with an increase in 
accident rate of 0.006 accident/million vehicle-km. If the 
average accident rate were 3 accidents/million vehicle-km 
(5 accidents/million vehicle miles), 0.006 accident/million 
vehicle-km would represent a 0.2 percent increment. 

'Vlost importantly for the above situation, the fineness of 
the analysis is 0.2 percent, and it is measurable. Had the 
exposure been only 16 million vehicle-km in each of the 
sections, the difference of one accident would represent a 
relative fineness of hazardousness of 2 percent. If the 
sections differ by only one driveway, suggesting that 
(hypothetically) one driveway causes a 2 percent increase in 
the accident rate may cause some objection to be raised 
depending on other factors. For a hypothesis that the 
driveway accounts for a 2 percent increase in the accident 
rate, the exposure of 16 million vehicle-km may be 
marginally adequate, but 161 million vehicle-km would be 
much better, and possibly 81 million vehicle-km (50 million 
vehicle miles) would be a preferred minimum. 

The outset of the analysis required a general statement 
about how fine the detectable differences should be. For 
road sections precisely identical in all physical and traffic 
attributes, what relative hazardousness should be 
detectable? The detection level was initially put at 8 
percent, assuming a 3-accident/million vehicle-km average 
accident rate. The 8 percent detection level (error) 
corresponds to 0.25 accident/million vehicle-km (0.4 
accident/million vehicle miles). That is, one accident 
divided by the exposure must equal 0.25 accident/million 
vehicle-km. The required exposure therefore was 

EX = 1/0.25 = 4.0 million vehicle-km (2.5 million vehicle 
miles). 

For county road sections averaging 152 m (500 ft), the 
number of vehicles required for the study period is given by 

N v = 4.0 million vehicle-km/0.15 km = 26.6 million 
vehicles, 
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where N v is the number of vehicles. For an ADT of 2500 
vehicles/day, the required sample period Sy is given by 

Sy = 26.6 million vehicles/(365 x 2500) = 29.2 years. 

This is an infeasible period. 
Some sections are shorter and have iess traffic. fviany 

are longer and have more traffic. A sub t antially traveled 
section that has 15 000 ADT and a length of 0.8 km (0.5 
rnile) requires number of vehicles (Nv) and years of 
sainple (Sy) as follows: 

N v = 4.0 miUion vehicle-km/0.8 km = 5.0 million vehicles. 
Sy = (5.0 million vehicles -a- 106)/(365 x 15 000) = 0.913 

yenr = l <IB r. 

This example can he concluded by stating the minimum 
volume for which a three-year sample period will yield an 8 
percent fineness for an 0.8-km section length: 

ADT 0•08 = 5.0 million vehicles/(365 x 3 years)= 4566.2 
vehicles/day. 

Realizing that many of the sections in the sample (even 
after combinations were made) were well under both 0.8 km 
and 4566 ADT, we examined the results and excluded or 
segregated those sections in which exposure was very low. 
Comparlng shorter, low-volume sections with longer, 
higher-volume sections would be statistically unsound, since 
the sections with low exposure would have a very much 
higher error associated with them. The error (detection 
level) is the change in the accident rate produced by the 
incremental change of one accident; that is, 

~R = I/EX (4) 

where llR is the permissible error in the rate or the 
detection level. For the exposure of 4.0 million vehicle-km 

t1R = 1/4.0 = 0.25 accident/million vehicle-km. 

This error can be stated as a percentage of the accident 
rate. The typical accident rate value for the county road 
system is 3 accidents/million vehicle-km. The effect of the 
change of 1 accident/4.0 million vehicle-km on the typical 
accident rate is 

Figure 2. Accident-sample-exposure nomograph. 
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llR = (1/4.0)/3 = 0.25/3 = 0.08 or 8.0 percent. 

Finally, if the error in the accident rate can be 10 
percent, what exposure is required? 

llR/R = 0.10 = (l/EX)/3; 
r, '<T • n n ..... • , • .. , ,,... ,, .. , , , .. ,.. \ "''°' - .l • .l r11 u110n venw1e-Kr11 ,~ 11111110n vemc.te rr111es1. 

The issues discussed above are covered in the 
Transportation and Traffic Engineering Handbook by using 
the number-rate method (1, p. 390). The number-rate 
method requires that hazardous locations have both a high 
number of accidents and a high accident rate. This almost 
ensures that the critical sections will be longer and have 
higher ADT, since short sections generally produce high 
accident rates but low numbers of accidents. 

The nomograph shown in Figure 2 was constructed to 
assist in determining sample size. Use of this nomograph 
first requires the estimation of the average accident rate 
for the subject sample set or subset and location of point 
Pa on line A. The analysis fineness llR/R multiplied by 
100 is then selected, and point Pb is located on line B. 
The intersection of the line joining Pa and Pb with line 
C is the point of minimum detection level (P cl· Line C is 
constructed from lines A and B. 

Similarly, the minimum section length is determined, and 
point Pd is located on line D. The minimum ADT for the 
minimum-length section is determined, and point Pe is 
located on line E. The intersection of the line joining Pd 
and Pe with line F is the minimum exposure (point Pr). 
Line F is constructed from lines D and E. The line joining 
the point of minimum exposure (Pf) with the point of 
rninimurn detection level (Pc) is extended to intm·sect the 
line of family 0 , corresponding to point r~c (see figure 2). 

1'he point of intei·section of line cPr and 'line G is 
located in a reg·lon, and this shows the required number of 
years in the sample. Reducing the number of years in the 
sample means that the minimum exposure must be raised to 
maintain the desired detection level. Trade-offs in terms of 
detection level, sample years, minimum section length, and 
ADT are possible. 

The procedure described above has several applications. 
For example, if the effect on the accident rate of adding 60 
cm (2 ft) of shoulder is the subject of analysis, the 
analytical procedure usually results in obtaining several 
pieces of information that should have been determined 
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Table 1. Initial safety criteria. 

Accidents Sample 
Functional in Three Road 
Classification Years (km) 

Major arterials 3604 56 .20 
Minor arterials 7219 281.62 
Collectors 4002 236.43 
Local roads 798 117 .99 

Note: I km • 0.6 mile. 

before. The average accident rate on roads with a narrow 
or no shoulder had not been determined, and we now 
considered it to be of interest. The data set or subset to be 
used should have been found to have some general 
characteristics such as either short sections or low volumes 
or both. In addition, it should have been determined that 
the set of roadway sections with a narrow or no shoulder had 
an accident rate that was not unusual or of unusual variance 
compared with the rest of the data. 

Now the effect on accident rates of adding shoulder 
width to roads may be analyzed by using another set of data 
points in which all other characteristics are the same or 
very similar. The analyst then estimates the change in 
accident rate or the t.R/R (fineness) caused by the added 
shoulder width. The above procedure can be used to 
estimate the study period required for each roadway section 
in the data set where it is desired to compare a series of 
pairs of roadway sections with and without the incremental 
shoulder width. Once these pairwise comparisons are based 
on adequate exposure, any one of a number of statistical 
tests can be applied. 

The same procedure can be applied to the identification 
of high-hazard locations. The comparison of an apparently 
high-hazard location with an average location or roadway 
section should be made with a certainty that the 
high-hazard section is generating accidents. Apparently 
high-hazard sections that have few accidents and little 
travel must be put into a separate category from those that 
have many accidents and great exposure, just as the 
proverbial apples and oranges must be separated. With this 
in mind, the application of this technique to Baltimore 
County for identification of high-hazard locations by using 
the entire data set becomes a cluster analysis on different 
degrees of certainty that some sections are more hazardous 
than the average and furth er that they are more hazardous 
than any other individual section. 

DISCUSSION OF ANALYSIS 

The general safety characteristics are shown below for the 
Baltimore County sample network, The total average 
accident rate, 3.11 accidents/million vehicle-km (5.01 
accidents/million vehicle miles), is not particularly high (I 
km = 0.6 mile): 

Exposure Section 
Functional (vehicle-km Length 
Classification 000 000s) Accidents (km) 

Major arterials 1041 3 604 56.20 
Minor arterials 2460 7 219 281.62 
Collectors 1326 4 002 236.43 
Local roads 190 798 117.99 

Total 5017 15 623 692.24 

Baker suggested the numher rate for analyzing the 
safety problems in areas similar to Baltimore County roads 
(1, p. 390). The number-rate combination was cited as a 
subsequ ent step in determining relative hazardousness of 
locations with about the sflme number of accidents. The 
first step was to look at the number of accidents per 

Acc ident Rate '. a ccide nts/(km/year )) 

Twice Twice 
Three One Th ree One 
Years Year Years Year 

64.1 21.4 128.2 42.7 
25.6 8.5 51.2 17 .1 
16.9 5. 7 33. 8 11.3 

6.8 2.2 13. 6 4.5 

Accidents per 
Million Vehicle · 
km 

Twice 
Initial Initial 
Rate Rate 

3.46 6.92 
2.93 5.86 
3.02 6.04 
4.21 8.42 

5 

kilometer per year and to discard those that were less than 
twice the average. The second step was to discard locations 
that had less than twice the accident rate as given by 

Accident rate= (accidents x I 06 )/(ADT x days x kilometers) (5) 

where the accidents correspond to the days (one year, two 
years, etc.) in the sample. Table I contains initial safe ty 
criteria for Baltimore County data. 

The quality-control technique was adopted from industry 
and is primarily for sections that have fairly uniform 
volumes. A critical rate is calculated for each location 
based on the average for all locations in the group (1, p. 
390). If the actual accident rate is greater than the critical 
rate, the deviation is probably not due to chance but to an 
unfavorable characteristic of the location, and this warrants 
study. 

The Baltimore County road-rating program was designed 
to identify deficient road sections in the county system. 
Deficiencies with regard to safety are those that involve the 
risk of human life directly and continuously. How hazardous 
an individual roadway section is and its relation to other 
sections is often controversial, especially when capital 
expenditures are at stake. For this reason, it was necessary 
to evaluate safety deficiencies hy means of several 
measures in order to be comprehensive. Initial measures 
were total accidents (measure I) and accident rate 
(measures 2 and 3). Subsequent consideration was given to 
three other measures, which involve quality control and 
variation in the sample for each functional classification. 
Measure 4 is the upper control limit of the quality-control 
formula: 

UCL= AR+ t; VCAR/EX) + (0.5/EX) (6) 

where 

UCL= upper control limit, 
AR = average accident rate for class, and 
ti statistic of confidence (J.645 = 95 percent 

confidence). 

Measure 5 is the difference, or amount above the rate 
limits of the average plus (2 * standard deviation): 

Difference = ACCRAT - (AR+ 2 * SD) (7) 

where ACCRAT = accident rate for sample section and SD = 
standard deviation of sample-section accident rate. 

Measure 6 is the ratio of the normalized rate to the 
standard deviation: 

Ratio= (ACCRAT -AR)/SD (8) 

The average accident rate for the system and the 
functional classification groupings determines whether many 
very hazardous sections are ignored (high average accident 
rate in 2"eneraU or whether some apparently hazardous 
sections are actually relatively safe (low average accident 
rate in general). 

There were no standard accident rates found to be 
applicable and appropriate for this study. Consequently, 
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criteria for the analysis were developed from the sample for 
comparison with other experiences, either nationwide or 
statewide, 

The number of suggested high-hazard locations based on 
the cutoff values of average rate and twice-the-average 
rate are shown below for both accidents per kilometer per 
year (A) and accidents per million vehicle kilometers (B). 
The numbers of sections having rates beyond these values 
are given. 

Average Accident Twice-Average 

Functional 
Rate Accident Rate 

Classification A B A B 

Major arterials 31 35 15 13 
Minor arterials 147 147 77 54 
Collectors 126 125 71 57 
Local roads 54 64 36 31 

Those sections for each functional class that have an 
accident rate greater than twice the average are given, as 
well as those that have rates greater than the average for 
each measure, For example, 31 major arterial sections had 
a rate of accidents per kilometer per year greater than the 
average. Thirty-five sections from that functional class had 
a rate of accidents per million vehicle kilometers greater 
than the average. These sections are not necessarily the 
same. Some may be in both groups (as would be expected); 
however, it would be possible for them to be totally 
different groups of sections. Using the cutoff values of 
twice-the-average rate in accidents per million vehicle 
kilometers yielded the number of suggested locations shown 
in the last column above. This is a total of 155 suggested 
sections from a total of 798 sections. 

'l he number-rate method was then employed. 
Subsequently, sections that had a rate greater than or equal 
to 6 accidents/million vehicle-km (10 accidents/million 
vehicle miles) and an accident number greater than or equal 

Figure 3. Classification of segments by accident number and rate. 
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Tabie 2. Rankings of nigh-hazara sections. 

Functional 
Classification 

Major arterials 
Minor arterials 

Collectors 

Measure 1 

Accident 
Number 

154 
74 
28 
72 
55 
26 
25 

Measure 2 

Accident 
Rank Rate 

1 341.8 
2 766.4 
6 217 .5 
3 43.0 
5 117 .9 
7 115.4 
8 40.9 

0 Number ol Sections 

¢ Extreme Hazards 

Potenlial Ex1reme 
Hazards 

OJ 

Measure 3 

Accident 
Rank ,Rate 

3 13.20 
1 34.30 
4 19 .34 
7 16. 72 
5 15 . 73 
6 14.85 
8 24. 89 
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to 25 were identified. The total number within the range of 
these values was 80. 

Finally, those sections that had a rate greater than or 
equal to 12 accidents/million vehicle-km (20 
accidents/million vehicle miles) and an accident number 
greater than or equal to 25 were identified, This resulted in 
eight high-hazard lnnatlnnc-. The upper limit cf the 
quality-control curve for those sections was checked for 
each. All were more than 5 SD above the mean. 

The average accident rate (AR) for all sections in each 
functional classification was computed, along with a range 
of two standard errors (LL = lower limit, UL = upper limit) 
for the purpose of comparing averages. The standard 
deviation (section) and standard error of the average were 
also computed. For the standard deviation, the average 
±2 SD should encompass 99 percent of the sample. A 
determination was made whether each section lay within 2 
SD of the average accident rate for each functional 
classification. 

Functional 
Classification AR LL UL 

Major arterials 3.46 3.37 3.55 
Minor arterials 2.93 2.90 2.97 
Collectors 3.02 2.98 3.05 
Local roads 4.21 4.13 4.29 

As can be seen above, local roads have an average accident 
rate that is much higher statistically than that of major 
arterials; major arterials are higher than minor arterials and 
collectors. Statistically, minor arterials are not very 
different from collectors, but collectors are significantly 
higher, nevertheless. 

The average accident rate for each functional class was 
used as the standard for the safety analysis in the Baltimore 
County road-rating project. The justification for this is that 
little in the way of applicable standard accident rates, by 
functional classification, was available as a guide. These 
averages are based on an adequate sample and are drawn 
from the system in question. Use of the average rates 
derived from the sample facilitates the comparison of 
sections, and determination of relative hazardousness 
appears very logical, This procedure is not affected by the 
magnitude of the average accident rate. 

RESULTS 

Figure 3 displays the number of sections classified by 
accident number and accident rate for major arterials, 
minor arterials, collectors, and local roads examined in the 
sample network, Sections that had an accident number of 0 
to 25 and an accident rate of O to 6 accidents/million 
vehicle-km (0 to 10 accidents/million vehicle miles) were 
excluded from the sample in Figure 3. The number inside 
the geometric shape shows the number of roadway sections 
that occurred in the number-rate category for that 
functional classification. An example of the correct 
interpretation is that one minor arterial section had a rate 
of more than 33 accidents/million vehicle-km (53 

Measure 5 

Measure 4 Amount 
over 2 SD Measure 6 

Quality Above 
Rank Control Rank Average Rank Ratio Rank 

8 8.~1 8 4.:J] 5 2.54 4 
1 29.68 1 22 .40 1 5. 76 1 
3 14.41 3 7 .44 3 3.01 3 
4 12.54 4 4, 82 4 2.53 5 
6 11.44 6 3. 84 7 2.35 7 
7 10.07 7 2.95 8 2.19 8 
2 19.52 2 14. 60 2 4.95 2 



Transportation Research Record 753 

accidents/million vehicle miles) and had an accident number 
of more than 50 for the three-year study period (or 16.67 
accidents/year). The shapes in Figure 3 that have double 
boundaries represent the most hazardous sections with 
regard to accident number and rate. 

Table 2 gives rankings of high-hazard sections. The 
choice of rate measures is accidents per million vehicle 

Figure 4. General locations of high-hazard sections. 
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Table 3. Selection of 
high-hazard sections EX 

7 

kilometers (measure 3) rather than accidents per kilometer 
(measure 2). Cutoff values for hazardous locations begin at 
twice the average. 

The most hazardous section with regard to accident 
number is a major arterial. One major arterial section had 
an accident number of more than 150 accidents for the 
three years, with a rate of more than 12 accidents/million 
vehicle-km (20 accidents/million vehicle miles), compared 
with the average of 3.5 accidents/million vehicle-km (5.6 
accidents/million vehicle miles) for major arterials. 

The most hazardous section with ·regard to accident rate 
was a minor arterial that had a rate of more than 31 
accidents/million vehicle-km (50 accidents/million vehicle 
miles), compared with the average of 2.9 accidents/million 
vehicle-km (4. 7 accidents/million vehicle miles), and an 
accident number of more than 50. This section had a rate 
10 times the average. 

One collector section had a rate of more than 25 
accidents/million vehicle-km (40 accidents/million vehicle 
miles), compared with the average of 3.0 accidents/million 
vehicle-km (4.8 accidents/million vehicle miles), and an 
accident number of more than 25. No local roads had both a 
rate of more than 12 accidents/ million vehicle-km and an 
accident number of more than 25. However, several had 
either a high rate or a high number. 

The general locations of eight high-hazard sections are 
shown in Figure 4. The numbers in the geometric shapes 
stand for the rank of hm-mrdousness of each section (see 
Table 2). 

Number 
Number of Hazardous 

for which there is (vehicle - Sections with Re- Total 
certainty. Functional km Above 2R quired Number 

Classification ii 2ii" L:.R 000 OOOs) (hazardous) Exposure of Sections 

Major arterials 5.57 11.14 0.56 2.88 13 7 72 
Minor arterials 4.72 9.44 0.47 3.43 54 18 307 
Collectors 4.86 9 .72 0.49 3.28 57 12 256 
Local roads 6.77 13.54 0.68 2.37 31 1 163 

Note: 1 km= 0,6 mile. 

Figure 5. Measures of BALT1"0RE COUNTY ROAD RATl~G SURV[Y 

hazardousness for 
major arterials. 
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REFINEMENTS OF THE ANALYSIS 

.11 3810. 9 

.28 21590. 154 

To identify sections that were definitely hazardous, i.e., 
those sections for which there is a high level of certainty 
that the hazardousness was not a statistical quirk, longer 
section lengths and higher ADTs were required. For those 
sections with low certainty, the proper disposition would be 
that, based on the data, no conclusion can be drawn 
concerning the relative hazardousness of the section. 

The cutoff value stated earlier was used for this phase of 
the analysis. The section accident rate (accidents per 
million vehicle kilometers) had to exceed twice the average 
for its functional classification. The additional criterion 
was that the fineness had to be 10 percent. The required 
exposure is based on the average accident rate by functional 
classification (R). Fineness in percent (F percent) was 
defined to be (t>R/R) x 100 percent. 

The detection level (t>R) is thus determined by solving 
for R, gi ven fineness and R. Required exposure (EX) is 
determined, since R is given by t>R == 1 accident/EX. The 
computed requirements are given in Table 3. 

The eight most hazardous locations were chosen with 
somewhat arbitrary limits of 25 or more accidents and 12 
accidents/million vehicle-km or greater. A breakdown by 

19.61 

21.29 
- 3!·!7_ 7,213 ------183.33 14 .203 ------ - . - - -

5,250 

6,9JO 

2,628 

2,942 

functional class of these eight and of those that were found 
to be hazardous with certainty is as follows: 

Functional Original Hazardous with Certainty 

Classification Sections Original New Total 

Major arterials 1 1 6 7 
Minor arterials 6 3 15 18 
Collectors 1 0 12 12 
Local roads 0 0 1 1 

All sections on major arterials that had more than twice 
the average accident rate for the functional class are shown 
in Figure 5. 
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