ACCIDENT RATES AND SURFACE PROPERTIES--
AN INVESTIGATION OF RELATIONSHIPS




ACCIDENT RATES AND SURFACE PROPERTIES--
AN INVESTIGATION OF RELATIONSHIPS

L. F. Holbrook

A Final Report on a Highway Planning and Research Investigation
Conducted by the Testing and Research Division of the -
Michigan Department of State Highways and Transportation
In Cooperation with the U, S. Department of Transportation,
Federal Highway Administration

Research Laboratory Section
Testing and Research Division
Research Project 73 G-193
Research Report No. R-994

Michigan State Highway Commission
Peter B. Fletcher, Chairman; Carl V. Pellonpaa,
Vice-Chairman, Hannes Meyers, Jr., Weston E. Vivian
John P. Woodford, Director
Lansing, October 1976



ACKNOWLEDGEMENTS

We wish to thank Fred Copple of the Laboratory's
Pavement Performance Group for providing the skid
testing data, Stanley Lingemanof the Trafficand Safety
Divisionfor providing the accident data, and Fred Nurn-
berger of the Department of Agriculture for providing
the weather data. I also thank Charles Pasch, Laura
Lintner, and David Schade of the Statistics and Analy-
sis Group of the Research Laboratory for their data
tabulation and analysis.




£t

TABLE OF CONTENTS

ABSTRACT. « « v v v v v v W b e e e e e e e e e e e e e e e
INTRODUCTION . . -+ + « & e e e a e e e e . e ..
THEDATA . . . « « . . .. e s e e e e s e .
Weather . . . . . . C ke e e s e ke e e e e e e e e e e e
Wet Accident Toecations . . . .+ . . . . e e e e e s
Skid Number. « ¢ v v v v v ¢ 4 o 4 o 4 o « 4 e e e e e e e
Accident Rates. + + ¢« v v v o & . s e e s e e e e .
DATA GROUPING . &. v ¢ 6 o o ¢ o « o = s et e e e e e
THE MODEL - - a a - - L - % ® & 2 = & ® L] - & 4 & & & 0o L * - L]

Rationale. . . . .
Fitting the Model tothe Data for Each Surface Type Using Pllot

¢ & 2 2 B & e *

Data Set (April - October) . .

Fitting the Model Using a Pooled Surface Data and Using Full
Data Set (January - December)

How the Variables Behave, . . .

APPLICATIONS . . .

Before and After Comparisons . .

« » o ©

s &

& & % © ¢ o & & ®
. . '3 e @ LI
s ° s & + s s

& & o 4 e+ & & v B 3 s »

Plans for Resurfacing on a Project Priority Basis . ... ..

CONCLUSIONS .

REFERENCES

------------

13
15
16
17

19
19

21

30
33

41

41
43

51

53



ABSTRACT

Both urban and rural state trunkline intersections are examined with
regard to their wet accident percentages. The examination first takes ac-
count of the estimated percentage of highway surface wet time for each
month January through December. Because precipitation data are only
available for the amount of precipitation for designated time intervals, a
method is developed to convert these data into percent wet time—a factor
necessary in assessing wet surface exposure. Using this conversion me-
thod, the precipitation data from 120 of Michigan's weather stations are
transformed to give a month by month wetness profile for the entire State
for the years 1963 to 1974, The range in monthly wetness for this period
is from less than 1 percent to more than 25 percent. This potential 25 to 1
ratio is very influential in wet accident incidence and should be taken into
account before other wet accident variables are examined.

The method chosento introduce wet time exposure into the analysis was

to incorporate it as a variable in a mathematical model, Thus, it is ag-
WA

sumed that wet accident proportion TA is proportional to wet time pro-

portion ‘%—rg— and skid number (SN) as shown:

WA _(WH)g(SN)
TA \TH
This form is desirable since it satisfies theoretical boundary conditions at

WH _ WH _
TH —~1.0andﬁ~0.

Nearly 40, 000 accidents occurring at over 2, 000 intersection locations
for which a SN value was available were tabulated to provide wet accident
proportions. These data together with the location's wet time proportion,
as estimated from the nearest weather station, provided an opportunity to
statistically fit the wet accident model for the variables included, and for
eachof three surface typesincommon use. The fitis satisfactory and sug-
gests anaccelerating function for SN: For all levelsof wetness, and taking
all surfaces together, an SN less than about 30 is accompanied by an ac-
celerating inorease in wet accident percentages; although the actual shape
of the curve depends on wet time,




acecident incidence. Consequently, nearly 40, 000 Michigan State Trunkline
accidents, together with all available precipitation records forthe relevant
accident periods and locations, were processed in order that a suitable
mathematical model relating the most important variables could be devel-
oped. This paper is concerned with the measurement of suitable surface,
weather, seasonal, and accident variables, their quantitative inter-rela-
tionships and the incorporation of these findings into a beneficial mainte-
nance plan as envisaged in the proposal.

THE DATA

Wet accident causation is not univariate even though some variables
undoubtedly influence accident statistics much more than others. Obser-
vers have identified as many as 250 to 300 potential accident causes with
an average of about four primary causes per case (6). Measurement and
incorporation into models of any but the smallesi fraction of these causes
is apractical impossibility, What we seek is the identification and model-
ingof the principal causes; treating the minor ones as random disturbances.
Among the potential variables for which records were available, the follow-
ing were found to be the most important.

Weather

If pavements could be kept dry, the skidding accident problem would
be greatly diminished, Virginia estimates that about 34 percent of its in-
tersection accidents occur under wet surface conditions, and that about 57
percent of these are attributable to wet conditions alone (5). It is also es-
timated that up to 33 percent of all wet weather accidents involve skidding
(7). While perceptual judgements by investigating officers on skidding do
not tell us whether or not an accident would have occurred if the pavement
had not been wet, it is well known that surface wetness reduces tire-pave-
ment friction, and that friction correlates well (0. 90) with stopping dis-
tances for fixed speed (8). Increased stopping distances certainly increase
accident incidence as is borne out by statistics. Surely, wet pavement
exposure is an important factor, but how is it to be measured ? We wish
to measure it not only for incorporation into our wet accident model, but
also for mainienance purposes, since it is likely that Michigan pavements
will not all experience iden‘ical weather conditions. Most studies assume
that wetness exposure per unit timeis generally constant throughoutan area
so that the measurement problem does not arise.




Clearly, precipitation in inches as commonly reported by the Federal
Weather Bureau is not, in itself, a suitable variable for the estimation of
wet time, This can be seen immediately when one recognizes that an inch
of precipitation can be spread over a few hours or a few weeks. Figure 1
shows that for Washington, D. C., a ten-minute storm will typically pro-
duce about an inch of rainfall. A 60 minute storm, on the other hand, will
typically produceonly about 2, 2 inchesof rainfall. Thus, the longer storm
will rain six times as long, but produce only about twice as much rainfall.
This is especially a problem in a Great Lakes state such as Michigan. In
the fall monthsof the year, the Upper Peninsula experiences long periods
of drizzle inwhichmuchwet time, but perhaps little aggregate precipitation,
is accumulated, On theother hand, the Detroit area can receive consider—
able thundershower precipitation during a short summer afternoon. This
is partly due to Detroit's more southerly location and partly due to the ef-
fects of pollutants and urban heat on the weather system, The variability
of Michigan's precipitation regions is summarized by Strommen:

Summer precipitation falls primarily in the form of showers or
thunderstorms, while a more steady type of precipitation of light-
er intensity dominates the winter months, The annual number of
thunderstorms observed decreases from about 40 in the south to
around 25 in the Upper Peninsula area with nearly 50 percent of
these recorded during the summer months, June through August
(9), see Figure 2 of this report.

This means that if only precipitation records in inches of rainfall per day
or month are available (as is generally the case) they should not be used
directly to estimate wet exposure time. How, then, should the transfor-
mation be made ?

Suppose we choose 0,24 in. per day as the daily wetness criterion. If
it rains at the rate of 0.01 in. per hour for 17 hours, we will accumulate
17 hours of rain, but only 0.17 in. of precipitation; hence, our 0.24 criterion
will reject the day as wet and register a 0 for that day. Weather of this
type will tend to make the 0.24 criterion underestimate monthly wetness.
On the other hand, ifit rains 0.50 in. in one hour, and 0 in. in all other
hours of the day, we will have one hour of wetiness, but the 0. 24 criterion
will classify the day as wet and contribute 24 hours to our wetness accumu-
lation, Weather of this type will tend to overestimate monthly wetness.
This problem will appear for any figure other than 0, 24 as well; hence, we
need a criterionthatcorrects for the net biasof the inches per day criterion,
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One method of transforming precipitation into wet time with minimum
biasing isto count an hour as wet if there was a minimum amount of pre~
cipitation (10). Thus, if the minimum is 0, 01 in, (the presumed amount of
precipitation necessary to resupply loss by evaporation) the full houris con~
sidered wet if it rains at least that amount, The method may give accept-
able results if the threshold minimum is reasonable, However, of 120
Federal Weather Bureau stations in Michigan, only 42 recorded hourly pre-
cipitation for the study period (1963 to 1974). Tor these stations, percent
wet time could be computed for each month. The winter months were ex-
cluded from the initial analysis because ice, snow and its removal, and
rain together with salting-—particularly in the Detroit area where most
accidents occur—are factors which complicate the transformation of pre-
cipitation into percent wet time. These 42 stations gave a relatively weak
picture of monthly and yearly wetness patterns around the State. The re-
maining 78 stations would contribute to a more detailed wetness picture if
they could be brought into the analysis. While these stations did not mea-
sure hourly precipitation, they did record monthly precipitationtotals. The
question arises as to whether one can estimate monthly percent wet time
from monthly precipitation. If this could be done, then two sources of wet-
ness data could beused to develop wetness maps for the State, thereby al-
lowing a more exact wetness exposure determination for each accident lo-
cation.

Turning briefly to the 42 weather stations recording hourly precipita-
tion, we find that on a monthly basis, correlation exists between precipi-
tation in inches and percent wet time, Figure 3 shows a single selected
weather station for the month of June. In this graph, the data points re-
present June precipitation and wet time totals for the years 1961 to 1973,
The linear relationship, W =Cx p, where W = percent monthly wet time and
p = monthly precipitation, ig generally well defined and designates C< as
the transformation of p to W. Regressions similar to the one in Figure 3
were used to generate ox's for each of the 12 months for each of the 42
weather gtations which recorded hourly precipitation data. Examina-
tion of the station - o matrix showed that neighboring stations tended to
have similar o's for the same month. Consequently, it was thought that a
regional ¢ grouping would be possible. Moreover, an ¢ grouping would
solve the problem of assigning cx's to stations that did not record hourly
precipitation. Often these stations were geographically surrounded by a
number of hourly stations, thus making the assignment ambiguous. If
Cx's could be combined into a regional classification system, then non-
hourly stations in each region could be agsigned the pooled regional <x
estimate,
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Figure 3. Relationship between monthly rainfall
and monthly wet time.

A standard method of classification for intercorrelated variables is
factor analysis. Using the principal axis method, two distinet seagonal
groups emerged: November, December, January, February comprised one
group and the remaining months comprised the second group. A second
factoring of station locations within seasonal groups revealed three distinet
regions foreach seasonal group (Fig. 4). Further grouping explained very
little additional variance in the o intercorrelation matrix. By assigning
each station to the group with which it had its highest correlation (factor
loading) all 42 hourly stations could be regionally classified. There was no
station which had its highest correlation with a fourth group (factor). The
regional o estimate, designated &, was then obtained as a factor loading
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Figure 4. Regional and seasonal variation in the transformation of
rainfall into monthly wet time.

weighted average of all member station oc's. Since non-hourly stations
fall geographically within one of the three groups, each of these could be
assigned the group & . Examination of the &, month, region matrix im-
mediately revealed that for all regions, & varied considerably from month
to month. In particular, the &'s for springand fall were larger than those
of summer (Fig. 4). The Lake Superior coastal areas tendto have the high-
est &'s for each month, although the more inland Upper Peninsulaand
northern Lower Peninsula areas are comparable except for winter. The
most highly differentiated region contains all stations in the central and
southern Lower Peninsula. This region has lower & 's for all months,
which means that aninch of precipitation yieldsthe least wet time for each
of the 12 months. The three regions were designated as north coastal (a
belt along the southern shore of Lake Superior extending about 50 miles in-
land); north inland (the remaining portion of the Upper Peninsula together
with the northern part of the Lower Peninsula); and south continental (the
gouthern half of the Lower Peninsula). The north coastal region having
generally high & 's would be characterized by longer, less intense rainfall
{e.g., drizzle), particularly in the spring and fall. It is well known that
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coastal areas are drizzle prone (11). The south continental region, on the
other hand, would tend to have more intense rainfall of less duration (e.g.,
summer thunderstorms). It is clear from Figure 4 that even though there
are regional differencesin x, the predominant variation is monthly. From
this analysis it is evident that for Michigan, regional and seasonal factors
should both be part of any method which estimates monthly wet time from
monthly accumulated precipitation.

The development of a precipitation transformation method facilitated
the incorporation of the 78 non-hourly weather stations into the wet time
analysis by transforming monthly precipitation or accumulated rainfall data
into estimated percent wet time for each station. At this point, the same
question arose concerning grouping or classification as had arisen with the
's. Could stations be classified into regional groups of internally con-
sistent weather patterns ? This time, monthly wet time percentages were
of interest, Assembling all weather stations, both those having actual and
those having estimated monthly wet time percentages into a station.wet
time matrix, a factor analysis similar to the one performed on the o ma-
trix was used for classification purposes. Three very distinct major, and
one minor factor emerged suggesting that Michigan wet time is amenable to
several stable regimes. Figure 5 showsthese regimes and their geographi-
cal boundaries.

It is interesting to examine these boundaries in light of what is known
about weather patterns in Michigan., In general, it has been recognized
that:

... certain macroscopic features of the general circulation were
effective in steering the individual cyclones and anticyclones along
determined paths, Mulianovsky discovered large-scale weather
situations during which individual systems followed a particular
track or axis (12).

Furthermore, it is known that particular cyclone paths converge north and
eastward toward the Great Lakes (13). Cyclones are not necessarily vio-
lent storms but are designated by meteorologists as fronts or boundaries
between adjacent air massesof different temperature, pressure, and humi-
dity composition. Cyclones do not necessarily always follow the same path~
way, but they do seem to have rather narrow preferred routes (14, Fig.
6). The boundary between the Upper and Lower Peninsula (Regiong I and
I) corresponds tothe 'Alberta' cyclone path, and the boundary dividing the
northern and southern halves of the Lower Peninsula (Regions IT and HI)
corresponds to the 'North Pacific' cyclone path (12, Figs. 5 and 6). Fur-
ther agreement is found with the work of Steiner who performed a statisti-
cal analysis of continental U. S. weather and shows that for Michigan,

- 11 -




Figure 6. Cyclone paths for the U, 8., after Blair.

Figure 7. Humidity regions of the U. S., after Steiner.
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Thumidity' falls into three geographic classes corresponding to Regions I,
II, and III found in the present study (15, Fig. 7). Region IV, which does
not show up in the literature cited, was the weakest factor in terms of ex-
plained variance. Nevertheless, Region IV seems to correspond, at least
for winter weather patterns, with an area famous for its heavy snowfalls.

Convection bands, a result of shoreline contours and even minor
topographic features may extend 50 miles downwind from lakes,
yet have widths of only a few miles, One well known band recurs
in the same location on the southeast side of Lake Michigan dur-
ing west-northwest winds; the band isoriented along the wind, No
less than 37 in. of snow was recorded here during a single storm
in February 1958, This equaled the mean February precipitation,
which in this narrow-lake-snow corridor is 1 in. (of water) higher
than in the areas around it (16).

All four regimes follow about the same seasonal pattern: wetness is
greater in winter and fall, and least in summer (Fig, 8). These wetness
patterns are important to this study because both locational and seasonal
wetness differences will have considerable impact on wet pavement exposure
and consequently on wet accident incidence. Regional wet time regimes
will beof value in forecasting wet time exposure and will thereby facilitate
maintenance planning. A reasonably precise monthly wetness estimation,
such as the one used here, will provide a method by which missing weather
station data can be recovered, More importantly, it makes possible fore-
casting regional wet time for thoge stations not measuring hourly precipi-
tation. Therefore, either actual, or regionally estimated percent wet time
was computed for each weather station for each of the 12 months for
each year, 1961 to 1974. The monthly percent wet time appropriate to
monthly accident statistics for each accident location was estimated from
data obtained from the nearest weather station to that location. Since ac-
tual pavement wet time data were not available, this was the only method
that could be used,

Wet Accident Locations

The selection of wet accident locations is complicated by the opposing
problems of surface friction uniformity and accident frequency, Ideally,
an accident location should be short enough to provide uniform surface
friction, and long enough to experience reliable aceident statistics. I is
doubtful if non-intersection roadways could satisfy these criteria unless
volumes of traffic were extraordinarily high. Because of these require-
ments, intersections are analytically preferrable to ordinary roadways and

-13 -
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consequently were exclusively selected for analysis. In particular, Michi-
gan's 'high accident' State trunkline locations, selected since 1963 for skid
resistance testing, provided the best compromise data set. Of course not
all accidents, even at these locations, were examined since records exist
of only those accidents (in Illinoisonly 25 percent) serious enoughto be re-
ported (17, 18). It is felt that the biasing introduced Hy the reporting prob-
lem is slight in that intersection accidents almost always involve at least
two vehicles-~a fact which would encourage reporting for liability and in-
surance purposes. All types of reported accidents were combined so that
the ratio of wet accidents to total accidents for each intersection for each
of the 12 months could be computed. Thus, basic data points were defined
forthe years 1963 to 1974 which would ultimately be grouped with other
data points according to weather and surface type criteria.

Skid Number

Michigan's 'high accident' locations are routinely skid tested and each
has, for a given year, an average skid number (SN) comprigsed of surface
friction measurements taken from eachwheel trackof the main intersection
approach. The skid number used is generally an average of a number of
tests conducted in each wheel track under wet conditions. These locations
were generally tested between June and September of the year following the
high accident year that signaled the test itself, This average SN value,
strictly speaking, was relevant only for the period of the test itself. How-
ever, it was the only value available and had to be assigned to all months
used in the analysis, even though it is recognized that seasonal variations
in SN probably exist (1, 2, 3, 19). This wouldmean that a single skid num-
ber value wouldnot apply to all months equally well. In order that this pos-
sibility be accommodated, seasonal (monthly) flexibility was incorporated
into the model. Monthly temperature, while correlated with wet accident
incidence, did not improve predictions as well as monthly factors which
took account of both temperature and humidity conditions. Therefore, tem-
perature, per se, was not retained as a variable in the model.

Since considerable evidence exists showing that the traffic and passing
lanes of multi~lane state trunklines experience different traffic volumes,
it was considered reasonable to differentially weight the different lanes,
Because lane volumes were not known, some approximate method had to be
developed to estimate lane exposure differences. Some investigators sug-
gest a traffic lane-passing lane weighting ratio of 4:1 (4). Since many of
Michigan's high accident intersections are six or eight lane, this method
would not be appropriate for the present analysis. Rather, SN values for
each lane were weighted by least squares fitting parameters provided in

-15 -




the model. Preliminary calculations didn't suggest that seleetive weight-
ing of the SN value for each lane was inany way superior to simple averag-
ing of all lane SN values. Hence, no further attention was given to lane SN
as an important variable in defermining wet accident hazard.

Accident Rafes

Accident data can be used in a variety of ways, usually called rates,
to measure intersection hazard. Traditionally, the following have been
used:

1) Accidents per vehicle mile. This statistic is desighed to correct
for differential mileages driven so that roadways can be compared inde-
pendently of the arbitrary effects of usage. It is more applicable to long
roadway sections than to intersections, since the mileage accumulated at
intersections is small and difficult to measure (20). For this reason, the
statistic was rejected for use in the present study. Moreover, correcting
for mileage driven does not remove the substantial effects of local idiosyn-
cratic hazards caused by visibility, geometry, or control problems.

2) Accidents per unit time. In an effort to solve the problem of short
mileage at such locations as bridges and infersections, some investigators
have substituted time for mileage (21). Of course, this statistic is parti-
cularly sensitive to traffic volume and its time dependency. For this rea-
son, the time - rate concept was not considered for use in this study.

3) Accidents per vehicle. This statistic attempts to measure hazard
in terms of a standard number of vehicles registered or passing a selec-
ted location (22). It eliminates the linear effects of volume, but not mile-
age driven nor differential locational hazard. TFor these reasons it was
also not considered useful for this study.

The above statistics, particularly accidents per vehicle mile, may al-
80 be non-linear functions of traffic volume (23, 24, 25, 26). Thus acei-
dent rates may increase with ADT up to a critical point and then decline.
Presumably, the very large ADTs impose diseipline on driver behavior.
The matter must be considered controversial since other investigators have
been unable to find the same non-linearities (27, 28).

The accident statistic sought for this study had to be free of at least
the linear effects of different traffic volume conflicts, mileages driven,
and local hazard, The simplest measure presumably satisszing this re-
quirement was monthly percent wet accidents computed from accident data
occurring within the intorsection and approach areas (+ 0.1 mile from the
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minor roadway centerline and on the state trunkline). This was the short-
est time period considered feasible in terms of seasonal variations in
weather and traffic behavior. There is some evidence that this statistic is
immune to the above effects and to others such as roadway type (8)s It was
hoped that major linear effects of unwanted variables would be nullified,
thereby allowing intersections to begrouped and compared. Nevertheless,
it is possible that disturbances remain because of the measure's sengitivity
to some of the following considerations:

1) Intersections differ with respect to lighting and proportion of night
traffic. Moreover, wet nighttime accident percentages may be influenced
by glare, particularly inurban areas. Thus, these intersections could ex~
perience & disporportionally high wet accident percentage because of non
surface friction variables,

2} During rainstorms, daytime visibility may decrease enough to af-
fect wet accident percentages. Depending on relative daytime traffic vol-
umes, this could bias a location's wet accident percentage from that ex-
pected from surface friction alone,

3) Travel through some intersections may be discretionary and, con-
sequently, traffic volumes may be affected by wet weather and seasonal
considerations. Michigan's vacation traffic may be more subject to this
effect than its urban commuter traffic.

4) Average traffic speed may be decreased by wet weather for some
intersections and not others. This would have the effect of biaging the wet
accident percentages downward for these intersections.

5) Increased driver caution on wet surfaces may not apply equally to
all intersections. '

DATA GROUPING

Since a small number of variables will not usually characterize wet
accident occurrence, there iz no simple guantitative specification which
relates these variables such that reliable prediction is possible.! Because
large numbers of variables areinvolved, wet accident percentages fluctuate:
considerably over time and from location to location. TFor purposes of re-
liability and model simplicity, most of the variables contributing to these

lResearch on this point has identified as many as 289 variables with an
average of 4. 3 per accident (§).
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fluctuations must be treated as random disturbances under the agsumption
that they do not interact with those measurable variables isolated for in-
corporation into the model. In this study, monthly wetaccident percentage,
monthly percent wet time, the month itself, skid number, and surface type
were considered the most important variables for which complete data were
available.

Wet accidents, even at high accident intersections, do not generally
occur with enough frequency to enable the calculation of really reliable
percentage estimates for each intersection. Table 1 shows the 95 percent
confidence range for various wet accident percentages and sample sizes.

TABLE 1
Total Number of Accidents Reguired to Pro-
True Wet vide Sample Wet Accident Estimates Within
_Accident the Indicated Range 95 Percent of the Time
Percentage

100 500 5, 000

10 4 -16 T-13 9-11

20 12 - 28 16 - 24 i9-21

30 21 - 39 26 - 34 29 - 31

40 30 - 50 36 - 44 39 - 41

a0 40 - 60 46 -~ 54 49 - 51

60 : 50 - T0 b6 - 64 9 - 61

70 61 -~ 79 66 ~ 74 69 - 71

Even with an unrealistic 500 accidents occurring per month at a given lo-
cation, where the history percentage of wet accidents equals 50, sample
wet accident percentages will range between 46 and 54, 95 percent of the
time. For the more typical intersection, experiencing no more than 10
accidents per month, the variation will be much greater.

It is necessary, therefore, to pool accident locations if relatively stable -
wet accident percentages are to be used to construct a wet accident model.

~18 -




With this in mind, accident locations were grouped into skid number, per-
centage wet time, monthly cells. Percentage wet time was classified info
five groups:

0.00 - 3.99 percent wet time -

4,00 - 7,99 percent wet time

8.00 - 11,99 percent wet time
12.00 - 15,99 percent wet time.

16.00 and over

Skid numbers were classified into eight groups:

utider 24 45 ~ 49

25 - 29 50 ~ 54
30 - 34 55 and over
35 -39

40 - 44

Thus, each accident location could be assigned to any one of 12 months x
five wet time x eight skid number = 480 groups. Hopefully, these groups
would then contain enough accidents to allow a good statistical fitting of the
model.

THE MODEL
Rationale

As wet exposure increases, so should wet accident proportion. That

is,
WA _ WH| 4
TA TH
W
where, WA is defined as wet accident proportion and WH is defined as wet

TA TH

time preportion. The vertical arrow merely means that the function f
. a1 s .. WA . . e .

increases with increasing TA ° The original criterionfor awet hour, i.e.,
0.01 in. of precipitation, seemed reasonable. However, it was still a guess
since the quantity of rainfall required to maintain an hour's wetness on
partially drained pavement surfaces was not known. Moreover, rainfall
evaporates in accordance with seasonal patterns of temperature and wind,
Therefore, the model must be sufficiently flexible to allow for seasonal
variations in the wetness criterion. Since we do not know how to specify
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the criterion's monthly drift (defined as M(i)) one can do no more than
specity a polynomial of sufficient degree to follow any major variations.
In the present case, percent wet time was multiplied by a third-order poly-
nomial: M(i) =@yi+ eziz + 9313 + 1. The ©'s are seasonal fitting para-
meters to be estimated from the data, and the i's designate the months one
(January) through 12 (December).

As monthly wetness varies, wet accident proportions must conform to
certainnecessary limitations. For example, if there was no wet time dur-
ing the month, there would necessarily be zero percent wet accidents. Al-
so, as wet time approaches the limit of 100 percent, so, too, should wet
accident percentage. Therefore, any other variables affecting wet acei-
dent incidence should be introduced in such a way as to permit these boun-
dary conditions. One method is to specify them as a wet time exponential
function:

WA _ - WIL g (other variables)
TA O T

Of the measured variables available, lane, skid number and surface
type seemed most promising.. A preliminary analysis with lanes was not
conclusive so that skid number and surface types were the only variables
remaining to be specified. Surface type was handled by segregating the
data into three basic surface groups and performing independent analyses
on each group. Since the role of skid number in the model is of primary
importance, a second very flexible polynomial specificationwas used. This
was done since it could not be assumed that skid number would enter into
the model in a linear fashion. The only parameter reducing restrictions
made were the obvious ones which require that as SN approaches 100, wet
accident incidence should approach the fraction wet time encountered that
month; and as SN approaches 0, friction is so reduced that wet accident
percentages approach 100. These restrictions result in the following third-
SN
160 °

degree polynomial written in terms of the skid coefficient, M=
3 2
g + o, {(u) - {u)} e, {(n) ol SOV I

so that the model becomes:

WA wm | 8
TA = {M(l)ﬁ—} (1)

Again, © 4 and 95 are fitting parameters to be determined by the data,
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Titting the Model to the Data for Each Surface T'ype Using Pilot Data Set
(April - October)

The locations for which intersection skid numbers were available span-
ned 11 years and provided a data set of over 20,000 accidents, from which
wet accident percentages were formed for the seven months selected for
analysis. This reduced over 20,000 accidents to 280 possible wet accident
ratios which constituted the derived data set.

Since the functional form of the model is inherently non-linear, ordi-
nary least squares methods could not be used. Instead, a non-linear least
squares computer program was used for the estimation of @1 through ©3
for the full data set, and ©4 and O for each bituminous aggregate, bitu~
minous concrete, and poriland cement concrete surface classifications, as
well as all surfaces combined. Since the M(i) polyhomial related to sea-
sonal variation, it was estimated from 12 month data. Figure 9 shows the
shape of the wetness adjustment polynomial M(@) for the combined data
set. Notice that the 0.01 in. precipitation criterion overestimates
June wet time percentages (adjustment factor of about 1.5). This isto
be expected since mid-summer would experience the most intense con-
vective storm rainfall as well as higher temperature evaporation rates.

Both factors would tend to reduce to & minimum the wetness surface time
resulting from a given quantity of rainfall. From the minimum of June, the
adjustment polynomial increases through January, suggesting that as fall
approaches, reduced precipitation intensities and evaporation rates result
in greater surface wetness times for each inch of rainfall. Pilot data pro-
vided approximately the same parameters except for the portland cement
concrete which produced a relatively flat g(J) inthe 20 to 50 SN range (Fig.
10). For all skid number and wet time groups, as well as for all months,
bituminous aggregate intersections had less accident incidence than any
other type. This difference, at first sight, appears to be due to a some-
what higher average skid number for these bituminous intersections than
the other groups (Table 2).

TABLE 2
Surface Type Weighted Average SN
Bituminous Aggregate 40,0
Bituminous Concrete 33.5
Portland Cement Conerete 36,5
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Figure 10. Skid number polynomial for various surface types.

Examination of the g(1) function for bituminous aggregate in Figure 10,
however, shows that over the practical range of interest (SN = 20 to 60),
g(u) is greater for this surface type for nearly all SN values. In the model,
WH
A TH
accident proportions (%)wﬂl decrease. From this analysis, we conclude

g(u) is anexponent of a fraction (M (i) = ); hence, as g(l1) increases, wet

that the lower wet accident proportions found with the bituminous aggre~
gates are due to factors other thangenerally higher surface frictionor wet-
ness conditions, Portland cement concrete generally has the lowest g(u)
function over the range of interest which indicates that with this surface
type, we will find higher wet accident percentages for each of the seven
months under any wetness condition or most any skid number value. The

-23 ~




*godL] 99eIns
Pue SOWIT} }OM SNOTIBA J0J s08gjusddad JUOPIOOE 1O0M pUE JoqWUNU PLis Usomiaq diysuoleay 11 2ansid

HIGWNN TIMS

09 05 % o1 0¢ 09 0s oy ot ONO
] | I I I ]

- i _ — 0l

| JL3YONOD ===
| 3LvO34O 9V SNONINNLIG — = |
JL3HONOD SNONIANLIY
ANNC 40 HLNOW

o¢

0t

oS

91=3WIL L3IM LNIDH3Id “

09
T I Y

— A —1 Ol

1074

o€

8 =3NIL 13M IN3IDH3d. w =3aWil 13M LN3IDH3d m

ov

-0V
— 06

09

IN3DH3d 'SIN3QIDOV L3IM A3LVINILS3I

-~ 24 -



reason for this is not clear; however, it may not be due to any property of
the surface typeitself. Rigid pavement state trunklines maybe statistically
associated with higher average traffic speeds. Since stopping distance is
a function of speed as well as skid number, this may account for a gener-
ally greater percentage of wet surface accidents.2

Further, examination of the g(\f) function for portland cement concrete
shown in Figure 10 indicates that over the skid number range of interest
(20 to 60), wet accident incidence is related to skid number ounly in the 20
to 30 region. Above about 30, the polynomial is flat, reflecting the fact
that for these data, wet accident percentage is not related to skid number
in this region. This point becomes clear after examination of Figure 11
which shows the model's estimate of wet accident percentage for various -
skid numbers. The presentationin Figure 11 is more intuitive than that of
Figure 10; it estimates actual performance for the month of June and hold-
ing wet time constant. The bituminous concretes, on the other hand, show
a falrly strong relationship between SN and wet accident percentage (Fig.
11). Figures 12 through 20 show the degree of the model's fit to the data
for groupings of each of the {ncorporated variables, The fit is usually quite
good as evidenced by the closeness of each point to the line of exact fit (45
degrees). The points showing the greatest deviations from thig line are
those for which a relatively small number of accidents (under 200) occur-
red in the data cell. As discussed earlier, this leads to reliability prob-
lems. The apparent lack of correlation of skid number with percent wet
accidents for portland cement concrete and bituminous aggregate surfaces
is probably due to the relatively restricted skid number range of these sur-
faces. Bituminous concrete surfaces cover a wide range of skid numbers
in this data set (less than 22 and greater than 62) which probably accounts
for the higher correlation (Fig. 18).

Figures 12 through 20 also show that the model discriminates seasonal
and wet exposure time differences quite well. It is assumed that this is
because of the broad ranges encountered with these variables, By impli-
cation, the skid number range relative to random variation encountered with
portland cement concrete and bituminous aggregate surfaces is not as large

2 The relation between initial speed (Vo) and stopping distance (SD) is ap—
proximately:

V,2

(F)s
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Figure 12. Relationship between actual and predicted wet accident
percentages for each skid number.
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Flgure 13 Relationship between actual and predicted wet accident

percentages for each wetness group.
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Figure 14. Relationship between actual and predicted wet accident

percentages for each month.
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Figure 15. Relationship between actual and predicted wet accident

percentages for each skid number group.
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Figure 16. Relationship between actual and predicted wet accident
percentages for each wetness group.
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Figure 17. Relationship between actual and predicted wet accident
percentages for each month.
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Figure 18. Relationghip between actual and predicted wet accident
percentages for each skid number group.
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Figure 19. Relationghip between actual and predicted wet accident
percentages for each wetness group.
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Figure 20. Relationship between actual and predicted wet accident
percentages for each month.

as that for the other variables. This suggests that for practical purposes,
seasonal and wet exposure congiderations have considerable influence on
skid number in predicting wet accident incidence for these surfaces taken
separately.

Fitting the Model Using a Pooled Surface Data and Using Full Data Set
(January - December)

When all accident locations for all surface types are pooled, the non-
linear least squares procedure provides parameter values which bring the
model into closer agreement with wet accident averages. Figures 21
through 26 illustrate the relationships between actual and predicted wet ac-

3 This point is not altogether clear since averages by month and wetness
groups generally were formed from a large enough number of accidents
to ensure reliability, The extreme skid number groups, however, often
did not contain enough intersections to guarantee comparable reliability.
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cident percentages for the group averages of the primary variables incor-
porated intothe model. In general, whenthe group wet acecident percentage
is computed from a very large number of accidents (e.g., 2,000 or more)
- the difference between it and the model's prediction is only of the order of
1or 2 percent. As-would be expected from Table 1, group percentages
computed from only several hundred or so accidents deviate from expec-
tations somewhat more. This explains why the combined surface data set
produces a better fit for the model even for skid number (Figs. 21 and 22).
Wet time and month fit very well, but they generally benefit from several
thousand accidents per data cell.

Figure 27 shows the sgkid number polynomial g(SN) for all surfaces
takentogether. Theimportant point here is that the polynomial is not 'flat, '
that is, it changes rapidly over the skid number range of interest. This
indicates that when the three basic surfaces are taken together, skid num-
ber is an.important variable in the model and that the lower the skid num-
ber, the higher wet accident percentages will be.

How the Variables Behave

It is difficult in one graphical presentation to show the interrelation-
ship of all variables in the model. Consequently, they are shown pairwise
in Figures 28 through 33. The relationships between SN and wet accident
percentage for selected wet times and the month of June are shown in Fig-
ure 28. It is obvious from these graphs that regardless of wetness expo-
sure, wet accidents decline as skid resistance increases. There is no evi-
dence of any critical skid number below which wet surfaces are hazardous,
even though wet accident incidence increases in anon-linear fashionas skid
number decreases. This point is of interest in view of the desire to es-
tablish safe skid number limits:

The Federal Highway Administration has been actively en-
couraging states to have programs to improve areas of low skid
resistance. To this end many states have started accumulating
statewide skid resistance inventories. In addition, some have
called for the establishment of a minimum SN. Although this may
" be desirable from an engineering standpoint in terms of a guide-
line for scheduling remedial action, it would nevertheless have
very serious legal implications as a possible legal standard of
care, TFor example, if 2 minimum SN of 30 were adopted, and a
given stretch of highway had a lower SN but a good aceident his-
tory, the failure of the public entity to comply with the minimum
standard could be usedagainst it in courtto provethat the highway
is dangerous. This SN is for maintenance purposes only, not for
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SKID COEFFICIENT POLYNOMIAL, q(}L)

09}
g = 2.2578 (U3 -41) -2.80423 (M2-[d) + M
0.8
0.7
0.6
0.5
0.4
0.3
0.2\~ |
: ALL. SURFACES
f‘ COMBINED
ol AR A
ot ! ! | I 1 I I l
¢ 0. 0.2 03 04 05 06 0.7 0.8 09

SKID COEFFICIENT,

Figure 27, 8Skid coefficient polynomial.
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Figure 28. Relationship between skid coefficient and wet
accidents for various wet times.
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Figure 29. Monthly effect on wet accidents for various
wet times.
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ESTIMATED WET ACCIDENTS, PERCENT
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Figure 30, Effect of wet time on wet accidents for extreme months.

design. Many states already have minimum design SNs specified
in their construction contracts. Typically the contract calls for
spot testing of the highway to determine compliance with these
contract provisions before the highway is ever opened to traific.
The SN itself, rather than the actual safety history of the highway,
becomes the criterion.

It is conceded by even the most adamant supporters of the es-
tablishment of minimum SNs that many states do not have the funds
or manpower, even with Federal aid, to bring all their highways
up to par immediately. In the interim, these same states would
face a further drain on their treasury in the form of judgements
to plaintiffs who are able to convinece juries that the minimum SN
is a legal standard of care, and that noncompliance with it estab-
lishes a prima facie dangerous condition of the highway. Deter-
mining whether a highway is dangerous is not simple, It cannot
be said arbitrarily that a locationwith a SN of 34 is dangerous and
that one with a SN of 35 is not (29).
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Figure 31. Effect of skid resistance on wet accidents for extreme
months. :

The monthly effect for fixed skid numbers and for fixed wet times is
shown in Figure 29, which shows clearly that wet time as measured by the
0.01 in. per hour criterion requires seasonal modification of the sort pro-
vided by M({i). The extent of the modification is greater for increased wet
time a8 measured by weather station hourly rainfall. In Figure 30, we see
the effect of wet fime on wet accidents for fixed skid number and the ex-
treme months of July and January. Wet time has a profound affect on wet
accident incidence, especially in the fall when weather conditions extend

“the wet surface time for a given quantity of rainfall, Figures 31 to 33
show the same relationship between these variables and other conditions.
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WET ACCIDENT PROPORTION, WA /TA
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Figure 32. Effect of wet time on wet aceident proportions for various skid
coefficients.
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APPLICATIONS

Before and After Comparisons

When low skid resistance pavements are resurfaced it is assumed that
a resulting benefit will be lowered wet accident incidence. The question is
how much benefit can be expected fromresurfacing agiven location. Using
regional or nearby weather station wet time percentages, together with a
minimum permissible or sample location skid number, an estimate can be
made of yearly wet accident percentages. This estimate can be compared
with actual wet accident percentages in order to determine whether or not
current accident experience is realistic, or merely the result of random
fluctuation commonly found with small samples. This would provide the
basis for development of aquality control procedure of the type used in the
detection of defective items and recommended in accident analysis inves-
tigations (30, 31, 32, 33, 39).

Beyond highaccident locationdetection, the modelalsohas ap plications
in resurfacing policy evaluation. At the time locations are cons idered for
resurfacing, it should be possible to employ the model to predict expected
accident reduction for each location, thereby facilitating a resurfacing pri-
ority list based on maximum accident prevention. As an example, in Fig-
ure 34, the model was used topredict accident prevention for various vari-
able settings and a resurfacing skid number of 60. Charts such as this can

be made up for any other set of weather or resurfacing friction assumptions.

More than likely, general weather patterns, as provided by regional his-
tories, would be used together with more exact knowledge of resurfacing
gkid number values.

As an example of resurfacing policy evaluation, the model was used to
estimate 'before' and 'after' wet accident percentagedifferences for 30 re-
surfaced intersections. The datawere 'fresh' since they had not been part
of the set used to develop the model.*

For each resurfaced location, accident statistics were compiled for the
24 month period preceding, and the 24 month period following resurfacing,

4 This had to be the case anyway since 'before’ and 'after’ studies should
not include accident statistics for the period originally used in the loca-
tion selection. Failure to diseard this period will always bias the pre-

" geding year’s accident percentage upward, thereby overestimating the
improvement attributed to resurfacing. This point has been made in the
literature (34) but it isnot clear that all studies of this type acknowledge
it.
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Figure 34. Expected first year accident reduction due to resurfacing.

except for those months which were used inthe location selection proce-
dure. Before and after wet accident estimates were then calculated. The
resulting values are shownas points in Table 3. 3 The repeatability of this
phenomenon is not known. However, the model, using known monthly wet
time figures and a two year resurfacing skid number of 45 gave wet acci-

S The data presented probably underestimate total accident reduction due
to the possible reduction in dry accidents following the resurfacing of
particularly slippery intersections., Some investigators have reported
this effect (35) and it should be assumed that any reduction in dry acci-
dents will result in an underestimation of percent net accident improve-
ment. Therefore, our presentation is considered conservative. -
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dent percentage reductions consistent with those estimated from police re-

cords. &
TABI.E 3
WET SURFACE ACCIDENT PREVENTION BENEFITS
WITH INTERSECTION RESURTACING
‘Wet Accidents ati
Number of : X Wet {Estimated Number
Basis Wet Acoidents Location-Months P%r Lg;:t:ﬁn Aceident | of Wet Accidents .
of - Sr o Rate Prevented During
Computations | "Before'| "After" |"Before"| "After" |'Before"{ "After"” | Decline, | the First Year

Period | Period | Period | Period | Period | Period | percent | After Resuriacing

Police Files 556 590 384 526 1.45 1,12 23 120

Model 618 635 384 526 1.61 1.21 25 144

Prediction

Plans for Resurfa{cing on a Project Priority Basis

The plans herein investigated all depend upon, first the assembly of a
skid testing list which dictates the priority in which intersections are to be
skid tested. Thisis incontrast to the 'spot map' approach inwhich colored
pins are placed at map locations. A large cluster of pins would indicate
the need for skid testing or resurfacing (36, 37). A spot map used for skid
testing purposes does not, in itself, take intoaccount wet accident percent-
ages nor their relative rank. If used for resurfacing, the spot map does
not take account of skid number and is therefore subject to such probiems
as regression toward the mean (34). Second, once skid numbers are avail-
able, the plan provides a resurfacing priority list which dictates the order
in which intersections are to be resurfaced or otherwise upgraded. It is
precisely the order in which selected intersections are resurfaced that re-
quires our attention. The set of infersections selected and the order in
which they are upgraded are vital factors in determining the number of ac~
cidents prevented through maintenance programs.

Plan I seeks to first identify, and second to upgrade, low skid number
infersections. The philosophy governing this plan is that low skid resis-
tance areas, per se¢, must be found and repaired., No attention is given to
traffic volume or any other variable. An administration following this plan
might be concerned with complaints of very slippery intersections or it
might feel its duty was to maintain a minimum standard for all intersec-
tions. The testing priority for Plan I is based upon a rank order of per-

A few surfaces had been skid tested after resurfacing and they suggested
an initial mean resurfacing skid number of about 50.
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centage wet accidents from state trunkline accident records. . It is pre-
sumed in this plan that the wet accident percentage rank order should cor-
relate with skid number rank order, thereby enabling the testing program
to proceed on a rational basis. After the testing program has produced as
many skid numbers as is feasible (considering manpower, equipment, time,
ete. ), the resurfacing priority list is assembled from a rank order of skid
numbers. At this point, resurfacing is based upon the priorities dictated
by this list and proceeds until allocated funds are exhausted.

Plan IT differs from Plan I in that expected accident prevention bene-
fits are used to form both the testing and resurfacing priority lists, For
the testing priority list, wet accidents, dry accidents, and a presumed skid
number of 40 are used in the wet accident model to estimate the accident
reductionexpected if the given intersection were to be resurfaced to a skid
number of 60, Inorder to incorporate the deterioration of surfaces with
time, the resurfacing skid number isassumed to decline linearly with time
t, from 60 to 40 in five years. Thus, we have:

t=4.5
= - A |
EAWA) = SE(WA gy _go = 5= EWAlgey
t = 0.5
22 0,60
where, SN(t) = 0,60 + \=————/ ¢

t = 0.5, 1.5, - . . , 4.5 years
and E(WA) is recovered from Eq, (1) for the case of SN = 40 and for ap-
propriate regional and monthly %{{i estimates. After analysis of three
weather station precipitation histories, it was concluded that the best pre-
dictor of monthly precipitation is the average of that month's precipitation
recorded forall preceding years., Noother than yearly precipitation cycles
were discovered whenpower spectra for three stations, each with over 100
year weather histories, were examined (Fig. 35).

The philosophy governing Plan Il is that whatever the skid number, it
is accident reduction which is most important. Even though skid number
might be low, regional rainfall and traffic volumes might be such that an
intersection ranks low in resurfacing priority. Administrators adopting
Plan II would be more concerned with wet accident prevention and less con-
cerned with upgrading an intersection just because it has a low skid number.
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A comparison of the plans is given in the table below:

Plan

Skid Testing
Priority List

Resurfacing
Priority List

Goal

DA
Rank order of WA + DA
Rack order of estimated
wet accidents prevented
by knowing

Rank order of 8N

Hank order of estimated
wet accidents prevented
WH

Repair of low SN
intersections

Minimization of
wet accidents at
Intersections

by koowing DA, SN, —
WA, DA, %Hﬁ, WA TH

Each of the above plans is designed for a specific goal and should
function best relative to that goal as a criterion. Any comparison of these
plans must agssume a common criterion which will necessarily favor one
plan over the others. For comparison purposes, we have chosen wet ac-
cident preventionas the criterion since we assume that most administrators
would give this as their resurfacing program goal. The data used for plan
comparisonwere the 1973 Michiganhigh accident intersectionlist, together
with the corresponding skid numbers and nearby weather station monthly
wetness estimates. ¥ach skid testing plan was based upon a testing frac-
tion composed of the top 10, 25, 50, and 100 of the 190 intersections rank
ordered as specified by the skid testing plan., Expected wet accident re-
duction benefits were thenaccumulated asthoughl or2or3or. . . upto
T.F. intersections had been resurfaced accordingto the resurfacing priority
list provided by each plan. TFigures 36 through 39 show the expected ac-
cidents prevented for each plan using testing fractions of 10, 25, 50, and
100, respectively. Also shown in each figure is the expected wet accident
reduction benefit obtainable with a policy of random resurfacing. In this
case, resurfacing priority lists are based onrandom selection of intersec-
tions from the 190 used for plan comparison. If a plan does not produce
more accident reduction than that obtainable with random selection, it has
little to recommend it, '

Inspection of Figures 36 through 39 shows that, of the two plans,

Plan II succeeds in producing the greatest expected wet accident reduction
for skid testing fractions of 10, 25, 50, and 100 and for any number of in-
tersections resurfaced up to the number tested ineach case. Plan I always
falls short of the other plans in expected wet accident reduction, and in
some cases does not do as well as random resurfacing (Fig. 37). This is
probably because Plan I specifies resurfacing on the basis of skid number
alone and does not take into account regional wetness or dry accident inei-
dence. Dry accident incidence is an important variable since it is a re-
flection of traffic volume and location hazard. : '
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In the light of Figures 36 through 39, it would seem that resurfacing
plans based exclusively on skid numbers are very poor in achieving wet
accident reduction; by giving too much weight to skid number at the expense .
of other important variables, they may even be inferior to resurfacing on
a random basis.

CONCLUSIONS

By using some 40,000 accidents recorded at 2,000 intersections, a
wet surface accident model was developed which incorporates skid number,
wet time, and season. In order to estimate wet time, congiderable effort
must be expended in developing a method which will reflect seasonal as
well as geographic considerations. This can be accomplished through suit-
able transformation of precipitation data.

Because wet accident percentages tend to be unreliable for small sam-
ples, accident locations must be grouped into cells. The model's fit to
these pooled datais generally within reasonable tolerances for proportions
of corresponding sample size.

Both estimated surface wet time and skidnumber are important factors
inwet accident involvements as expected; however, no critical skid number
emerged as a point above which wet accident hazard disappeared. Rather,
wet accidents appear to be a continuously decreasing function of surface
friction. Below a skid number of approximately 30, wet accident incidence
increases at an increasing rate with declining surface friction. This is
true for all months and wetness categories.

The effect of monthly wet time on wet accident incidence is consider-
able. It was the most important variable discovered in this study. Its ef-
fect onwet accident percentagesis approximately logrithmic for all months
and surface friction conditions. Naturally, this variable cannot be con-
trolled. However, the present study makes it clear that variations in
monthly wet time occur in Michigan on a predictably yearly basis. To the
extent that traffic volumes also have seasonal variation, monthly wet time
should be included in resurfacing decisions. Forexample, if traffic volume
~ peaks at a locationin the fall months, particularly October, resurfacing of
this intersection would be of higher priority thanif it peakedin July. While
there are considerable variations from year to year and region to region,
a resurfacing policy which takes account of regional and monthly wetness
patterns would be rational. The increase in wet accident percentages due
to a drop in skid number of 10 units (40 to 30) would be of the order of 4
. percent. On the other hand, a rainfall increase of 4 percent from July to
October would produce a 15 percent increase in wet accidents. Thus, a
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seasonal change of only 4 percent in wet time can have four times the im-
pact on wet accident incidence as a 10 unit decline in skid number. For
this reason, we conclude that for astate such as Michigan, where seasonal
and regional wetness patterns exist, consideration of surface friction im-
provements should include expected locational wet time as well as skid
number. As experimental skid testing and resurfacing plans have shown,
consideration of skid number alone will not result in the minimization of
wet accidents.

Models, such as the one developed inthis study can be used to evaluate
alternative skid testing and resurfacing plans which seek to identify and
select on a priority basis those intersections which require prompt atten-
tion. Once a plan is developed, regional and seasonal wetness patterns
must be estimated, and previous wet accident experience must be retreiv~
able if beneficial skid testing plans are to be implemented. Once locations
are skid testedas dictated by the testing plan, resurfacing can proceed for
those locations selected on a priority basis as determined by the resurfac-
ing plan.

The selection of a testing-resurfacing plan system is critical since
plans vary considerably in their ability to minimize wet accidents for fixed
fund allocations. Based on a limited computer experiment with one year's
field data we suggest that mathematical models can profitably be used in
constructing a fixed cost, wet intersection accident minimization program.
Since the model should take full account of precipitation and seasonal wet-
ness factors, it can be used to develop plans which are more cost effective
than those based only on skid number and/or previous accident experience
alone.

We have attempted to show that wet accident prevention is highly de-
pendent upon the type of plan used for intersection skid testing and resur-
facing. Further, plan design should proceed from a clear delineation of
program goals since goals may be inconsistent in the results they produce.
The accident prevention plans presented by this study are highly tentative
and weakly generalizable since they are based on a limited analysis incor-
porating assumptions in keeping with the particular aforementioned goals.
Plans serving other goals and embodying different assumptions would, of
course, give somewhat different results,
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