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SUMMARY

The Highway Safety Acts of 1973 and 1976, and the Surface

Transportation Assistance Act of 1978, provide funding authori­

zations to individual states for the improvement of pUblic

rail-highway crossing safety. Safety improvements frequently

consist of the installation of active motorist warning devices,

such as flashing lights or flashing lights with gates. In

support of these safety efforts, several projects have been

undertaken by the U.S. Department of Transportation (DOT) and

the Transportation Systems Center (TSC) to assist states and

railroads in determining the most effective allocation of

Federal funds for rail-highway crossing warning devices. One of

these projects concerns the development of a resource allocation

model which assists in achieving maximum safety benefits for a

given level of funding. This model utilizes rail-highway cross­

ing accident predictions, and the effectiveness and costs of

motorist warning devices. The purpose of this study is to

develop improved estimates of the effectiveness of active rail­

highway crossing warning devices in support of the DOT resource

allocation model. Effectiveness is measured as the expected

percentage reduction in accidents, due to the installation of a

specific warning device.

The study compares the accident rates at 2,994 rail-highway

crossings nationwide, both before and after active warning

devices have been installed. Necessary data for the analysis

were obtained from the DOT-AAR National Rail-Highway Crossing

Inventory and the Federal Railroad Administration's (FRA)

Railroad Accident/Incident Reporting System (RAIRS) for the

years 1975, through 1978.

vii



The average effectiveness values resulting from the study

for the three warning device upgrade categories investigated are

listed below together with their 95 percent confidence intervals

and the results of the California Public Utilities Commission
1

(PUC) study.

95 PERCENT 1974
EFFECTIVENESS CONFIDENCE CALIFORNIA

UPGRADE FACTOR INTERVAL FINDINGS
CATEGORY (PERCENT) (PERCENT) (PERCENT)

Passive to Flashing 65 57-73 64
Lights (1165)1

Passive to Flashing 84 80-89 88
Lights with Gates
(985) 1

Flashing Lights to 64 56-71 66
Flashing Li1hts With
Ga te s (844)

lIndicates the total number of rail-highway crossings
considered.

Prior to this study, the California PUC study effectiveness

values have been used for the DOT resource allocation studies

at TSC. This is consistent with the results of the present

study, since the California study values lie within the present

study's 95 percent confidence intervals. Flashing lights and

flashing lights with gates are found to be significantly effec­

tive in reducing the hazards at rail-highway crossings.

lCalifornia Public utilities commission, The Effectiveness of
Automatic Protection in Reducing Accident Frequency and
Severity at Public Grade Crossings in California, June 1974,
p. 30.
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1. INTRODUCTION

1.1 BACKGROUND

In 1970, Congress issued a mandate to the U.S. Department

of Transportation (DOT) for the preparation of a study concern­

ing the number and severity of rail-highway crossing accidents.

The study was to recommend steps which could be taken to reduce

the accident potential at the 220,000 pUblic crossings in the

U.S.

In 1972, DOT responded with a report which was jointly

authored by the Federal Highway Administration (FHWA) and the

Federal Railroad Administration (FRA).l The report recom­

mended that Federal funds be made available to the states for a

10-year program designed to improve rail-highway crossings. A

major element of the program called for active warning device

improvements at 30,000 rail-highway crossings. Specifically,

the crossings were to be upgraded to flashing lights or flashing

lights with automatic gates. These devices are distinguished

from passive devices, such as crossbucks or stop signs, which

are not set into mechanical operation by the approach or

presence of a train.

The Highway Safety Act of 1973 authorized the first cate­

gorical Federal funds for individual states to implement rail­

highway crossing safety improvements. The program continued

with the passage of legislation in 1976 and 1978, which extended

tne Federal commitment to improved rail-highway crossing safety.

IFederal Highway Administration/Federal Railroad Administra­
tion, Report to Congress, Railroad-Highway Safety Part II:
Recommendations for Resolving the problem, Washington, D.C.:
U.S. Department of Transportation, August 1972.

1



In an effort to ensure cost-effective use of the Federal

resources authorized for crossing safety improvement, the

Transportation Systems Center (TSC) developed two models as

part of a resource allocation process. These models assist in

selecting and ranking crossings for the installation of warning

devices. The development of these models followed the comple­

tion of the joint DOT-AAR National Rail-Highway Crossing

Inventory, which numbered and collected inventory information

for all public and private rail-highway crossings.

The first step in the resource allocation process uses an

accident prediction formula which computes the projected number

of accidents at each crossing, based on the information avail­

able in the inventory. The second step uses a resource alloca­

tion model which is designed to rank crossings for improvement

and to recommend the type of warning device to be inst~lled on

a cost-effective basis. For each crossing under consideration,

the resource allocation model requires the crossings' accident

prediction, the life cycle costs of warning devices, the total

amount of funds to be used for safety improvements, and the

effectiveness factors of warning devices.

Effectiveness factors measure the expected percent reduc­

tion in accidents due to the installation of a specific warning

device. Effectiveness factors have been taken from a 1974

California Public utilities Commission (PUC) study on the

effectiveness of flashing lights and flashing lights with gates

in reducing accidents in that state.
l

The PUC study examined

the accident history of 1,552 crossings, 44 percent of the

California crossings with active devices in 1970, which were

upgraded to flashing lights or flashing lights with gates

during the period from January 1, 1960, to December 31, 1970.

The data were separated into three categories. Table 1-1 shows

the resulting effectiveness factors obtained from the PUC study.

lop cit., California PUC Study, June 1974, p. 30.
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TABLE 1-1. RESULTS OF CALIFORNIA PUBLIC UTILITIES
COMMISSION EFFECTIVENESS STUDY

UPGRADE CATEGORY

Passive to Flashing Lights

Passive to Flashing Lights
with Gates

Flashing Lights to Flashing
Lights with Gates

1.2 PURPOSE AND OBJECTIVES

PERCENT REDUCTION
IN ACCIDENTS

AFTER INSTALLATION
OF ACTIVE DEVICE

64

88

66

Since the 1974 PUC study, no other large scale study has

been undertaken to assess the effectiveness of flashing lights

and flashing lights with gates in reducing rail-highway

crossing accidents. The effectiveness factors from the PUC

study, especially for flashing lights, are frequently

criticized as being too high in view of accident statistics

published by the FRA.
l

Flashing light crossings have an

average accident rate which is 2.7 times greater than the

average of all crossings equipped with crossbucks. 2 The PUC

study shows flashing lights to be 64 percent effective in

reducing accidents. Therefore, to improve the quality of and

confidence in the data required for use by the DOT resource

allocation model, this study was designed to determine new

effectiveness factors based on national statistics.

lFederal Railroad Administration, Rail-Highway Crossing
Accident/Incident and Inventory Bulletin, No.1, 1978,
Washington, D.C.: U.S. Department of Transportation, 1979,
p. 40.

2ibid., p. 30.
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computerized inventory and accident data were obtained for

tnIs study from the FRA, which maintains the DOT-AAR National

Railroad-Highway Crossing Inventory and the Railroad Accident/

Incident Reporting System (RAIRS). The new effectiveness

factors were based un an analysis of the accident history of

approximately 50 percent of the Nation's crossings which had

warning device upgrades during the period from January 1, 1975,

through December 31, 1978.

The specifIc objective of this study was to develop the

necessary methodology, and compute the effectiveness of flash­

ing lights and flashing lights with gates in three upgrade

categories: passive to flashing lights, passive to flashing

lights with gates, and flashing lights to flashing lights with

gates. The standard deviations and 95 percent confidence

intervals for the effectiveness values were determined.

4



2. METHOD

The study used data for the period from January 1, 1975.

through December 31, 1978. Prior to 1975, the DOT-AAR ~rossing

Inventory was not operational and accident data was based on

different reporting criteria. Three groups of warning devices

were considered consistent with the categorization used in the

development of the DOT accident prediction and resource alloca­

tion models. Table 2-1 provides descriptions of the three

warning device groups.

TABLE 2-1. WARNING DEVICE GROUPS

GROUP DESCRIPTION

1

2

3

All Passive Devices - Stop
Signs, Crossbucks, Other
Signs, or No Warning
Device

Flashing Lights, Wigwags,
Bells, Highway Signals,
Special Devices

Flashing Lights with Gates

An effectiveness formula was developed to use the informa­

tion available from the data bases. The formula was designed

to determine the net reduction or increase in accidents per

crossing year for each group of upgraded crossings. A crossing

year for a warning device is defined as a one-year period dur­

ing which the crossing was equipped with a particular warning

device. For example, if a passive crossing was upgraded to

flashing lights on December 31, 1976, the number of crossing

years for both the passive device before the upgrade and the

5



flashing lights after the upgrade would be two. The formula

and its parameters are contained in Appendix A.

It has been estimated that over 2,000 active warning

devices per year have been installed at rail-highway crossings

in recent years.
l

The installations represent new and

upgraded crossings. A sample of the upgraded crossing popula­

tion was available directly from the DOT-AAR Crossing Inven­

tory. Under the voluntary Federal program, both railroads and

state departments of transportation submit update forms to the

FRA which detail inventory information for all new and upgraded

crossings. Many railroads and states are not prompt in submit­

ting update information to the FRA. Consequently, the FRA data

base contains information on approximately 50 percent of all

crossings which had warning device changes since 1976. A sub­

set of the DOT-AAR Crossing Inventory, containing the records

of upgraded crossings only, was utilized. The data were segre­

gated into the three upgrade categories. Table 2-2 shows the

totals for each type of upgrade and the year.

TABLE 2-2. NUMBER OF UPGRADES FROM THE FRA DATA BASE
BY TYPE AND YEAR

Passive to
Flashing Lights

Passive to
Flashing Lights
with Gates

Flashing Lights
to Flashing
Lights with Gates

Totals

1975

155

92

87

334

1976

359

249

228

836

1977

382

319

280

981

1978

269

325

249

843

TOTALS

1165

985

844

2994

l"crossing Safety Has More Funds," The Signalman's Journal,
November 1978, p. 9.

6



In addition to the data on upgraded crossings, rail-highway

crossing accident data were obtained from the RAIRS. Records

containing both inventory and accident information for all

upgraded crossings which experienced accidents during the study

period were used. FORTRAN programs were developed to access

and cross-reference both the inventory upgrade and the accident

data, using the DOT-AAR Crossing Inventory identification

number.

In each upgrade category, crossing years were computed both

before the upgrade and after the upgrade for each crossing,

whether or not an accident occurred at the crossing. If a

crossing experienced an accident, the accident was counted in

the appropriate time frame. All parameters were summed and

effectiveness factors were calculated. In addition, standard

deviations and 95 percent confidence intervals for the effec­

tiveness factors were computed. Appendix B describes the

procedure and provides an example for calculating the standard

deviations and confidence intervals. A comparison of crossing

accident rate statistics for the three upgrade categories is

presented in Appendix c.
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3. RESULTS

Effectiveness factors, standard deviations, and 95 percent

confidence intervals are presented in Table 3-1, as well as the

values of other relevant parameters. The results indicated

that flashing lights and flashing lights with gates signifi­

cantly reduce the number of accidents at public crossings. In

aaaition, gates proved to be more effective than flashing

lights in accident reduction. For the 1,165 sampled crossings,

tne effectiveness of flashing lights at formerly passive cross­

1ngs was 65 percent, given a 95 percent confidence interval of

57 percent to 73 percent. For the 985 crossings that were

upgraded from passive devices to flashing lights with gates,

the effectiveness factor was 84 percent, given a 95 percent

conf1dence interval of 80 percent to 89 percent. Following the

installation of flashing lights with gates at the 844 crossings

previously equipped with flashing lights, the effectiveness was

64 percent with a 95 percent confidence interval of 56 percent

to 71 percent. These effectiveness factors almost equal the

results of the California PUC report, as shown in Table 3-1.

The California iesults are within the 95 percent confidence

intervals of this study.

8
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APPENDIX A

EFFECTIVENESS FORMULA

The following formula was used to calculate the effective­

ness of warning devices for the three upgrading categories.

Ewdc

Nab
N "
co=

El - 2 =

E
l

_
3 =

E2 - 3 =

Effectiveness of flashing
lights at formerly passive
crossings

Effectiveness of flashing
lights with gates at formerly
passive crossings

Effectiveness of flashing
lights with gates at crossings
formerly equipped with
flashing lights

where: Ewdc = Effectiveness of a particular warning device
group given the preceding group where

1 = Passive devices
2 = Flashing lights
3 = Flashing 1 ights with gates

Naa = Total number of accidents after warning device
installation

Nca = Total number of crossing years after warning
device installation

N. = Total number of accidents before warning deviceao installation

Ncb = Total number of crossing years before warning
device installation

Preceding page blank
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APPENDIX B

EXAMPLE OF A COMPUTATION OF STANDARD DEVIATION AND
95 PERCENT CONFIDENCE INTERVAL FOR

EFFECTIVENESS FACTORS

Equation (1) provides the formula for the standard devi­

ation of the effectiveness factors computed by using the
. d' 1formula shown 1n Appen 1X A.

(1 ) SeE ) = (Naa)(N
cb

)wdc N N bca a

INca - Naa

\ (N ) (N )
ca aa

Using the values for the upgrade category of flashing

lights to flashing lights with gates, shown in Table 3-1,

results in the following:

(
98 )(1963) 1396 - 98 1963 - 380

S(E2 _ 3 ) = 1396 380' \ (1396) (98) + (1963) (380)

Simplifying the equation:

S(E
2

_
3

) = (0.0702) (5.1658) )0.0116

S(E2 _3 ) = 0.0391 or 3.91 percent

A 95 percent confidence interval requires a 1.96 stan­

dard deviation from the mean. Therefore, the interval for the

effectiveness factor for the upgrade category of flashing

lights to flashing lights with gates is:

63. 75 + (1.96) (3. 91) = 56. 09 to 71. 41

lWilliam G. Cochran, Sampling Techniques, 2nd Edition,
(New York: John Wiley & Sons, 1963) p. 165.

12



APPENDIX C

COMPARISON OF CROSSING UPGRADE CATEGORY
ACCIDENT RATE STATISTICS

The study included the development of crossing accident­

rate statistics for crossings in the three upgrade categories,

for both the study sample and the national inventory. This

permitted a comparison of the relative hazards of each crossing

category both within and between the study and the national

data sets. Accident rates, expressed as accidents per crossing

year, were determined by the ratio of total accidents to the

total number of crossings in each upgrade category, using data

from the DOT-AAR Crossing Inventory and RAIRS.

Table C-l summarizes accident rate statistics for various

categories of crossings from the DOT-AAR Crossing Inventory and

the subset which comprised the study sample. The table indi­

cates that crossings equipped with flashing lights have a

h1gher accident rate than the average passive crossing. This

conclusion applies to the study sample and for the Nation.

Initially, this information may appear to conflict with the

results of the study, which indicate that flashing lights and

flashing lights with gates are significantly effective in

reducing accidents. The explanation for this apparent contra­

diction is that the passive crossings which were selected for

upgrading had such a high accident rate, that even after

upgrading the accident tate remained higher than that of the

average passive crossing. This can be demonstrated by using

the data in Table C-l in the case of upgrading passive cross­

ings to flashing lights. The average passive crossing selected

for upgrading to flashing lights during the study period had an

accident rate which was 3.4 times higher than the average pas­

sive crossing. Even after flashing lights were installed at

these crossings and their hazard level reduced by 65 percent,

their corresponding accident rates remained higher than the

average passive crossing.
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TABLE C-l. ACCIDENT RATES FOR VARIOUS CATEGORIES
OF RAIL-HIGHWAY CROSSINGS

CROSSING CATEGORY

Passive l
Flashing Lights l
Flashing Lights with Gates l

Passive Selected for Flashing Lights 2
Passive Selected for Flashing Lights with Gates 2
Flashing Lights Selected for Flashing Lights

with Gates 2

Passive Upgraded to Flashing Lights 3
Passive Upgraded to Flashing Lights with Gates 3
Flashing Lights Upgraded to Flashing Lights

with Gates 3

CROSSING
ACCIDENT RATE

(ACCIDENTS PER
CROSSING YEAR)

0.038
0.110
0.088

0.129
0.204

0.194

0.046
0.032

0.070

INational average from DOT-AAR Crossing Inventory and RAIRS,
1978.

2Average from study sample before upgrading.

3Average from study sample after upgrading.
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A comparison of the three crossing category exposure rates

from the DOT-AAR Crossing Inventory also provides evidence of

the increased hazard levels at the upgraded crossings, as shown

in Table C-2. The exposure rate is the product of the average

dally highway traffic times the average daily train traffic and

provides a measure of the accident potential at a crossing.

The exposure rates for crossings with flashing lights with

gates and for crossings with just flashing lights are 17.0 and

6.7 times greater than for passive crossings respectively. In

view of these exposure rates, the high accident rates at

upgraded crossings which initially appear contradictory are

quite reasonaole. In fact, if the accident rates are normal­

ized by exposure rates, as shown in Table C-2, the contradic­

tion disappears. The data in Table C-2 provide an explanation

for the apparent contradiction which could be used an an argu­

ment advocating that the effectiveness of warning devices is

significantly less than that which was found in this study.

Other notable trends observed from Table C-l concern the

average hazard level of crossings in the study sample which

were selected for upgrading. The passive crossings which were

initially selected for upgrading to flashing lights with gates,

had a higher accident rate than those selected for upgrading to

flashing lights. In addition, flashing light crossings which

were selected for upgrading to flashing lights with gates, had

an initially higher accident rate than the average crossing

equipped with flashing lights. These trends are consistent

with the study's findings which show flashing lights with gates

as more effective than flashing lights. In general, the most

effective warning devices were chosen for installation at

crossings which had the highest accident rates.

15



T
A

B
L

E
C

-2
.

A
C

C
ID

E
N

T
A

N
D

E
X

PO
SU

R
E

R
A

T
E

S
FO

R
V

A
R

IO
U

S
C

A
T

E
G

O
R

IE
S

O
F

C
R

O
S

S
IN

G
S

FR
O

M
TH

E
D

O
T

-A
A

R
C

R
O

SS
IN

G
IN

V
E

N
T

O
R

Y

A
V

ER
A

G
E

A
V

ER
A

G
E

C
R

O
SS

IN
G

C
R

O
SS

IN
G

A
V

ER
A

G
E

A
V

ER
A

G
E

A
C

C
ID

E
N

T
A

C
C

ID
E

N
T

R
A

T
E

D
A

IL
Y

D
A

IL
Y

RA
'T

'E
(A

C
C

ID
E

N
T

S
N

O
R

M
A

L
IZ

E
D

BY
H

IG
H

W
A

Y
T

R
A

IN
A

V
ER

A
G

E
PE

R
C

R
O

SS
IN

G
E

X
PO

SU
R

E
C

R
O

SS
IN

G
C

A
TE

G
O

R
Y

T
R

A
F

F
IC

T
R

A
F

F
IC

E
X

PO
SU

R
E

Y
E

A
R

)
x

1
0

6

P
a
s
s
iv

e
9

4
8

5
.4

5
,1

2
0

0
.0

3
8

7
.4

I-
'

0"
1

F
la

sh
in

g
L

ig
h

ts
3

,5
6

6
9

.6
3

4
,2

3
4

0
.1

1
0

3
.2

F
la

sh
in

g
L

ig
h

ts
w

it
h

G
a
te

s
4

,4
4

5
1

9
.6

8
7

,1
2

2
0

.0
8

8
1

.0



APPENDIX D

REPORT OF NEW TECHNOLOGY

The work performed under this contract, while leading to no

new invention, provided information on the effectiveness of

active warning devices in reducing accidents at public rail­

highway crossings. This work supports a U.S. Department of

Transportation effort to make a computerized resource alloca­

tion model available to states and railroads. The model was

designed to select and rank rail-highway crossings, and recom­

mend safety improvements through the installation of warning

devices on a cost-effective basis.

Input to the model included the effectiveness of flashing

lights and flashing lights with gates in reducing accident

potential at crossings. This work, based on inventory and

accident data available from the FRA's data bases, computed new

effectiveness factors in three categories: (1) flashing lights

at crossings formerly equipped with passive devices, (2) flash­

ing lights with gates at formerly passive crossings, and

(3) flashing lights with gates at crossings which were formerly

equipped with flashing lights only.
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