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APPENDIX TO HSM PART C— SPECIALIZED
PROCEDURES COMMON TO ALL PART C
CHAPTERS

This appendix presents two specialized procedures intended for use with the
predictive method presented in Chapters 10, 11, and 12. These include the procedure
for calibrating the predictive models presented in the Part C chapters to local
conditions and the Empirical Bayes (EB) Method for combining observed crash
frequencies with the estimate provided by the predictive models in Part C. Both of
these procedures are an integral part of the predictive method in Chapters 10, 11, and
12, and are presented in an Appendix only to avoid repetition across the chapters.

A.1 Calibration of the Part C Predictive Models

The Part C predictive method in Chapters 10, 11, and 12 include predictive
models which consist of Safety Performance Functions (SPFs), Accident Modification
Factors (AMFs) and Calibration factors, and have been developed for specific
roadway segment and intersection types. The SPF functions are the basis of the
predictive models and were developed in HSM-related research from the most
complete and consistent available data sets. However, the general level of accident
frequencies may vary substantially from one jurisdiction to another for a variety of
reasons including climate, driver populations, animal populations, accident reporting
thresholds, and accident reporting system procedures. Therefore, for the Part C
predictive models to provide results that are meaningful and accurate for each
jurisdiction, it is important that the SPFs be calibrated for application in each
jurisdiction. A procedure for determining the calibration factors for the Part C
predictive models is presented below in Section A.1.1.

Some HSM wusers may prefer to develop SPFs with data from their own
jurisdiction for use in the Part C predictive models rather than calibrating the Part C
SPFs. Calibration of the Part C SPFs will provide satisfactory results. However, SPFs
developed directly with data for a specific jurisdiction may provide more reliable
estimates for that jurisdiction than calibration of Part C SPFs. Therefore, jurisdictions
that have the capability, and wish to develop their own models are encouraged to do
so. Guidance on development of jurisdiction-specific SPFs that are suitable for use in
the Part C predictive method is presented in Section A.1.2.

Most of the regression coefficients and distribution values used in the Part C
predictive models in Chapters 10, 11, and 12 have been determined through research
and modification by users is not recommended. However, a few specific quantities,
such as the distribution of crashes by collision type or the proportion of crashes
occurring during night-time conditions, are known to vary substantially from
jurisdiction to jurisdiction. Where appropriate local data are available, users are
encouraged to replace these default values with locally derived values. The values in
the predictive models that may be updated by users to fit local conditions are
explicitly identified in Chapters 10, 11, and 12. Unless explicitly identified, values in
the predictive models should not be modified by the user. A procedure for deriving
jurisdiction-specific values to replace these selected parameters is presented below in
Section A.1.3.

A.l.1 Calibration of Predictive Models

The purpose of the Part C calibration procedure is to adjust the predictive
models which were developed with data from one jurisdiction for application in
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48| another jurisdiction. Calibration provides a method to account for differences
49| between jurisdictions in factors such as climate, driver populations, animal
50| populations, accident reporting thresholds, and accident reporting system
51| procedures.

52 The calibration procedure is used to derive the values of the calibration factors
53| for roadway segments and for intersections that are used in the Part C predictive
54| models. The calibration factor for roadway segments, C;, is used in Equations 10-2,
55 11-2, 11-3, and 12-2. The calibration factor for intersections, C;, is used in Equations
56 10-3, 11-4, and 12-5. The calibration factors, C, and C;, are based on the ratio of the
57| total observed accident frequencies for a selected set of sites to the total expected
58| average crash frequency estimated for the same sites, during the same time period,
59| using the applicable Part C predictive method. Thus, the nominal value of the
60| calibration factor, when the observed and predicted crash frequencies happen to be
61 equal, is 1.00. When there are more accidents observed than are predicted by the Part
62| C predictive method, the computed calibration factor will be greater than 1.00. When
63| there are fewer accidents observed than are predicted by the Part C predictive
64 method, the computed calibration factor will be less than 1.00.

65 It is recommended that new values of the calibration factors be derived at least
66| every two to three years, and some HSM users may prefer to develop calibration
67| factors on an annual basis. The calibration factor for the most recent available period
68| is to be used for all assessment of proposed future projects. If available, calibration
69| factors for the specific time periods included in the evaluation periods before and
70|  after a project or treatment implementation are to be used in effectiveness evaluations
71| that use the procedures presented in Chapter 9.

72 If the procedures in Section A.1.3 are used to calibrate any default values in the
73 Part C predictive models to local conditions, the locally-calibrated values should be
74| used in the calibration process described below.

75 The calibration procedure involves five steps:

76 B Step 1 - Identify facility types for which the applicable Part C predictive
77 model is to be calibrated

78 ®  Step 2 - Select sites for calibration of the predictive model for each facility
79 type

80 ®  Step 3 - Obtain data for each facility type applicable to a specific calibration
81 period

82 B Step 4 - Apply the applicable Part C predictive model to predict total crash
83 frequency for each site during the calibration period as a whole

84 B Step 5 - Compute calibration factors for use in Part C predictive model

85 Each of these steps is described below.

86| Al1.1.1 Step 1 — ldentify facility types for which the applicable Part C SPFs
87 are to be calibrated

88 Calibration is performed separately for each facility type addressed in each Part
89| C chapter. Exhibit A-1 identifies all of the facility types included in the Part C
90| chapters for which calibration factors need to be derived. The Part C SPFs for each of
91 these facility types are to be calibrated before use, but HSM users may choose not to
92| calibrate the SPFs for particular facility types if they do not plan to apply the Part C
93| SPFs for those facility types.
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Exhibit A-1. SPFs in the Part C Predictive Models that Need Calibration

Facility, Segment, or Intersection Type Calibration Factor to be Derived
Symbol Equation
Number(s)

ROADWAY SEGMENTS

Rural two-lane roads

Two-lane undivided segments C 10-2

Rural multilane highways

Undivided segments C 11-2
Divided segments C 11-3
Urban and suburban arterials

Two-lane undivided segments Cr 12-2
Three-lane segments with center TWLTL Cr 12-2
Four-lane undivided segments C, 12-2
Four-lane divided segments C, 12-2
Five-lane segments with center TWLTL C: 12-2

INTERSECTIONS

Rural two-lane roads

Three-leg intersections with minor-road STOP control (o] 10-3
Four-leg intersections with minor-road STOP control (o] 10-3
Four-leg signalized intersections (o] 10-3

Rural multilane highways

Three-leg intersections with minor-road STOP control G 11-4
Four-leg intersections with minor-road STOP control G 11-4
Four-leg signalized intersections G 11-4

Urban and suburban arterials

Three-leg intersections with minor-road STOP control G 12-5
Three-leg signalized intersections G 12-5
Four-leg intersections with minor-road STOP control G 12-5
Four-leg signalized intersections G 12-5

Al12 Step 2 — Select sites for calibration of the SPF for each facility type

For each facility type, the desirable minimum sample size for the calibration data
set is 30 to 50 sites, with each site long enough to adequately represent physical and
safety conditions for the facility. Calibration sites should be selected without regard
to the number of crashes on individual sites; in other words, calibration sites should
not be selected to intentionally limit the calibration data set to include only sites with
either high or low accident frequencies. Where practical, this may be accomplished
by selecting calibration sites randomly from a larger set of candidate sites. Following
site selection, the entire group of calibration sites should represent a total of at least
100 accidents per year. These calibration sites will be either roadway segments or
intersections, as appropriate to the facility type being addressed. If the required data
discussed in Step 3 are readily available for a larger number of sites, that larger
number of sites should be used for calibration. If a jurisdiction has fewer than 30 sites
for a particular facility type, then it is desirable to use all of those available sites for
calibration. For large jurisdictions, such as entire states, with a variety of
topographical and climate conditions, it may be desirable to assemble a separate set

Part C / Predictive Methods
Appendix

Page A-3



Current as of April 6, 2009 Highway Safety Manual — 1°° Edition

111 of sites and develop separate calibration factors for each specific terrain type or
112| geographical region. For example, a state with distinct plains and mountains regions,
113| or with distinct dry and wet regions, might choose to develop separate calibration
114 | factors for those regions. On the other hand, a state that is relatively uniform in
115| terrain and climate, might choose to perform a single calibration for the entire state.
116 | Where separate calibration factors are developed by terrain type or region, this needs
117 |  to be done consistently for all applicable facility types in those regions.

118 It is desirable that the calibration sites for each facility type be reasonably
119| representative of the range of site characteristics to which the predictive model will
120| Dbe applied. However, no formal stratification by traffic volume or other site
121 characteristics is needed in selecting the calibration sites, so the sites can be selected
122| in a manner to make the data collection needed for Step 3 as efficient as practical.
123 | There is no need to develop a new data set, if an existing data set with sites suitable
124 | for calibration is already available. If no existing data set is available so that a
125| calibration data set consisting entirely of new data needs to be developed, or if some
126| new sites need to be chosen to supplement an existing data set, it is desirable to
127 | choose the new calibration sites by random selection from among all sites of the
128 | applicable facility type.

129 Step 2 needs only be performed the first time that calibration is performed for a
130| given facility type. For calibration in subsequent years, the same sites may be used
131 again.

132 Al1.13 Step 3 — Obtain data for each facility type applicable to a specific
133 calibration period

134 Once the calibration sites have been selection, the next step is to assemble the
135| calibration data set if a suitable data set is not already available. For each site in the
136 calibration data set, the calibration data set should include:

137 ®  Total observed crash frequency for a period of one or more years in
138 duration.

139 ®  All site characteristics data needed to apply the applicable Part C predictive
140 model.

141 Observed crashes for all severity levels should be included in calibration. The

142 | duration of crash frequency data should correspond to the period for which the
143 | resulting calibration factor, C; or C;, will be applied in the Part C predictive models.
144 | Thus, if an annual calibration factor is being developed, the duration of the
145| calibration period should include just that one year. If the resulting calibration factor
146 | will be employed for two or three years, the duration of the calibration period should
147 | include only those years. Since crash frequency is likely to change over time,
148 | calibration periods longer than three years are not recommended. All calibration
149 | periods should have durations that are multiples of 12 months to avoid seasonal
150 | effects. For ease of application, it is recommended that the calibration periods consist
151 of one, two, or three full calendar years. It is recommended to use the same
152 | calibration period for all sites, but exceptions may be made where necessary.

153 The observed crash data used for calibration should include all crashes related to
154| each roadway segment or intersection selected for the calibration data set. Crashes
155| should be assigned to specific roadway segments or intersections based on the
156 | guidelines presented below in Section A.2.3.

157 Exhibit A-2 identifies the site characteristics data that are needed to apply the
158 | Part C predictive models for each facility type. The exhibit classifies each data
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element as either required or desirable for the calibration procedure. Data for each of
the required elements are needed for calibration. If data for some required elements
are not readily available, it may be possible to select sites in Step 2 for which these
data are available. For example, in calibrating the predictive models for roadway
segments on rural two-lane highways, if data on the radii of horizontal curves are not
readily available, the calibration data set could be limited to tangent roadways.
Decisions of this type should be made, as needed, to keep the effort required to
assemble the calibration data set within reasonable bounds. For the data elements
identified in Exhibit A-2 as desirable, but not required, it is recommended that actual
data be used if available, but assumptions are suggested in the exhibit for application
where data are not available.

Exhibit A-2: Data Needs for Calibration of Part C Predictive Models by Facility Type

Chapter Data Element Data Need Default
K K Assumption
Required Desirable P
ROADWAY SEGMENTS
10 - Rural two- Segment length X Need actual data
lane roads ] )
Average annual daily traffic (AADT) X Need actual data
Lengths of horizontal curves and tangents X Need actual data
Radii of horizontal curves X Need actual data
Presence of spiral transition for horizontal Base default on
curves X agency design
policy
Superelevation variance for horizontal X No superelevation
curves variance
Percent grade X Base default on
terrain®
Lane width X Need actual data
Shoulder type X Need actual data
Shoulder width X Need actual data
Presence of lighting X Assume no lighting
Driveway density X Assume 5
driveways per mile
Presence of passing lane X Assume not
present
Presence of short four-lane section X Assume not
present
Presence of center two-way left-turn lane X Need actual data
Presence of centerline rumble strip Base default on
X agency design
policy
Roadside hazard rating Assume roadside
X .
hazard rating = 3
Use of automated speed enforcement X Base default on
current practice
11 - Rural For all rural multilane highways:
multilane
highways Segment length X Need actual data
Average annual daily traffic (AADT) X Need actual data
Lane width X Need actual data
Shoulder width X Need actual data
Presence of lighting X Assume no lighting
Use of automated speed enforcement X Base default on
current practice
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Chapter

Data Element Data Need

Required | Desirable

Default
Assumption

For undivided highways only:

Side slope X |

Need actual data

For divided highways only:

Median width X Need actual data
12 - Urban and Segment length X Need actual data
suburban )
arterials Number of through traffic lanes X Need actual data
Presence of median X Need actual data
Presence of center two-way left-turn lane X Need actual data
Average annual daily traffic (AADT) X Need actual data
Number of driveways by land-use type X Need actual data®
Low-speed vs. intermediate or high speed X Need actual data
Presence of on-street parking X Need actual data
Type of on-street parking X Need actual data
Roadside fixed object density database default
X on fixed-object
offset and density
categories®
Presence of lighting X Base default on
agency practice
Presence of automated speed X Base default on
enforcement agency practice
INTERSECTIONS
10 - Rural two- Number of intersection legs X Need actual data
lane roads -
Type of traffic control X Need actual data
Average annual daily traffic (AADT) for X Need actual data
major road
Average daily traffic (AADT) for minor X Need actual data
road or best estimate
Intersection skew angle X Assume no skew!
Number of approaches with left-turn lanes | X Need actual data
Number of approaches with right-turn X Need actual data
lanes
Presence of lighting X Need actual data
11 - Rural For all rural multilane highways:
multilane ; -
highways Number of intersection legs Need actual data
Type of traffic control Need actual data
Average annual daily traffic (AADT) for X Need actual data
major road
Average annual daily traffic (AADT) for X Need actual data
minor road or best estimate
Presence of lighting X Need actual data®
Intersection skew angle X Assume no skew

Number of approaches with left-turn lanes | X

Need actual data

Number of approaches with right-turn

Need actual data

X
lanes
12 - Urban and For all intersections on arterials:
suburban ; )
arterials Number of intersection legs X Need actual data
Type of traffic control X Need actual data
Average annual daily traffic (AADT) for X Need actual data

major road

Page A-6

Part C / Predictive Methods

Appendix




171
172

173
174

175
176

177
178

179
180
181

182
183
184
185
186
187
188

189
190

191

Highway Safety Manual — 1°° Edition

Current as of April 6, 2009

Chapter

Data Element

Data Need

Required Desirable

Default
Assumption

Average annual daily traffic (AADT) for

Need actual data

minor road X or best estimate
Number of approaches with left-turn lanes | X Need actual data
Number of approaches with right-turn X Need actual data
lanes
Presence of lighting X Need actual data
For signalized intersections only:
Presence of left-turn phasing X Need actual data
Type of left-turn phasing Prefer actual data,
but agency practice
X
may be used as a
default
Use of right-turn-on-red signal operation X Need actual data
Use of red-light cameras X Need actual data

Pedestrian volume

Estimate with

X Table 12-21
Maximum number of lanes crossed by Estimate from
pedestrians on any approach number of lanes
X and presence of
median on major
road
Presence of bus stops within 1,000 ft X Assume not
present
Presence of schools within 1,000 ft X Assume not
present
Presence of alcohol sales establishments X Assume not
within 1,000 ft present

#Suggested default values for calibration purposes: AMF = 1.00 for level terrain; AMF = 1.06 for rolling
terrain; AMF=1.14 for mountainous terrain

b Use actual data for number of driveways, but simplified land-use categories may be used (e.g.,
commercial and residential only)

¢ AMFs may be estimated based on two categories of fixed-object offset (Or,) — either 5 or 20 ft — and
three categories of fixed-object density (Ds,) — 0, 50, or 100 objects per mile

4 If measurements of intersection skew angles are not available, the calibration should preferably be
performed for intersections with no skew.

Al14

Step 4 — Apply the applicable Part C predictive method to predict
total crash frequency for each site during the calibration period as a
whole

The site characteristics data assembled in Step 3 should be used to apply the
applicable predictive method from Chapter 10, 11, or 12 to each site in the calibration
data set. For this application, the predictive method should be applied without using
the EB Method and, of course, without employing a calibration factor (i.e., a
calibration factor of 1.00 is assumed). Using the predictive models, the expected
average crash frequency is obtained for either one, two, or three years, depending on
the duration of the calibration period selected.

Al15

The final step is to compute the calibration factor as:

Step 5 — Compute calibration factors for use in Part C predictive
models
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192

193
194
195

z observed crashes

C OfC' _ all sites A-1
(0rc;) > predicted crashes et

all sites

The computation is performed separately for each facility type. The computed
calibration factor is rounded to two decimal places for application in the appropriate
Part C predictive model.
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19 Example Calibration Factor Calculation

197 The SPF for four-leg signalized intersections on rural two-lane roads from Equation 10-18 is:
Nepsine = exp[-5.73 + 0.60 x In(AADT + 0.20 x In(AADT

198 spf int p[ ( maj ) ( min )]

199 Where,

Nsprine = predicted number of total intersection-related accidents per year for base conditions

200 AADT,, = average annual daily entering traffic volumes (vehicles/day) on the major road
201 AADT,i» = average annual daily entering traffic volumes (vehicles/day) on the minor road
202 The base conditions are:
u
203 No Left turn lanes on any approach
B No Right turn lanes on any approach
204
The AMF values from Chapter 10 are:
205 ® AMF for one approach with a left-turn lane = 0.82
206 B AMF for one approach with a right-turn lane = 0.96
B AMF for two approaches with right-turn lanes = 0.92
207 B No lighting present (so lighting AMF = 1.00 for all cases)
208 Typical data for eight intersections is shown in an example calculation shown below. Note that for an actual calibration, the
209 recommended minimum sample size would be 30 to 50 sites that experience at least 100 accidents per year. Thus, the
number of sites used here is smaller than recommended, and is intended solely to illustrate the calculations.
210
For the first intersection in the example the predicted crash frequency for base conditions is:
211
N = exp(-5.73 + 0.60 x In(4000) + 0.20 x In(2000) = 2.152 accidents/year
212 bibase
The intersection has a left-turn lane on the major road, for which AMF;; is 0.67, and a right-turn lane on one approach, a
213 feature for which AMF,; is 0.98. There are three years of data, during which four accidents were observed (shown in
214 Column 10 of Table 1). The predicted average crash frequency from the Chapter 10 for this intersection without calibration
is, from Equation 10-2:
215
Noi = (Nbibase) X (AMF3;) X (AMFz) x (number of years of data)
216 = 2.152 x 0.67 x 0.98 x 3 = 4.240 accidents in three years, shown in Column 9.
217 Similar calculations were done for each intersection in the table shown below. The sum of the observed accident
218 frequencies in Column 10 (43) is divided by the sum of the predicted average crash frequencies in Column 9 (45.594) to
obtain the calibration factor, C;, equal to 0.943. It is recommended that calibration factors be rounded to two decimal
219

places, so calibration factor equal to 0.94 should be used in the Chapter 10 predictive model for four-leg signalized
220 intersections.

221 Example of calibration factor computation
222 1 2 3 4 5 6 7 8 9 10
ADTmaj | ADTmin SPF Intersection AMF, Intersection AMF, Years Predicted Observed
223 Prediction | Approaches Approaches of Average Crash
with Left- With Right- Data Crash Frequency
224 Turn Lanes Turn Lane Frequency
275 4000 2000 2.152 1 0.67 1 0.98 3 4.240 4
226 3000 1500 1.710 0 1.00 2 0.95 2 3.249 5
5000 3400 2.736 0 1.00 2 0.95 3 7.799 10
227 6500 3000 3.124 0 1.00 2 0.95 3 8.902 5
228 3600 | 2300 2.078 1 0.67 1 0.98 3 4.093 2
229 4600 4500 2.753 0 1.00 2 0.95 3 7.846 8
230 5700 3300 2.943 1 0.67 1 0.98 3 5.796 5
6800 1500 2.794 1 0.67 1 0.98 2 3.669 4
231 Sum 45.594 43
Calibration Factor (Ci) 0.943
Part C / Predictive Methods Page A-9
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232 A.1l.2 Development of Jurisdiction-Specific Safety

233 Performance Functions for Use in the Part C
234 Predictive Method
235 Satisfactory results from the Part C predictive method can be obtained by

236 | calibrating the predictive model for each facility type, as explained in Section A.1.1.
237| However, some users may prefer to develop jurisdiction-specific SPFs using their
238 | agency’s own data and this is likely to enhance the reliability of the Part C predictive
239 method. While there is no requirement that this be done, HSM users are welcome to
240 use local data to develop their own SPFs, or if they wish, replace some SPFs with
241 | jurisdiction-specific models and retain other SPFs from the Part C chapters. Within
242 |  the first two to three years after a jurisdiction-specific SPF is developed, calibration of
243 |  the jurisdiction-specific SPF using the procedure presented in Section A.1.1 may not
244 | Dbe necessary, particularly if other default values in the Part C models are replaced
245 with locally-derived values, as explained in Section A.1.3.

246 If jurisdiction-specific SPFs are used in the Part C predictive method, they need
247 |  to be developed with methods that are statistically valid and developed in such a
248 | manner that they fit into the applicable Part C predictive method. The following
249 |  guidelines for development of jurisdiction-specific SPFs that are acceptable for use in
250 HSM Part C include:

251 ® In preparing the accident data to be used for development of jurisdiction-
252 specific SPFs, crashes are assigned to roadway segments and intersections
253 following the definitions explained in Section A.2.3. and illustrated in
254 Exhibit A-4.

255 ®  The jurisdiction-specific SPF should be developed with a statistical technique
256 such as negative binomial regression that accounts for the overdispersion
257 typically found in accident data and quantifies an overdispersion parameter
258 so that the model’s predictions can be combined with observed crash
259 frequency data using the EB Method.

260 ®  The jurisdiction-specific SPF should use the same base conditions as the
261 corresponding SPF in Part C or should be capable of being converted to
262 those base conditions.

263 ®  The jurisdiction-specific SPF should include the effects of the following
264 traffic volumes: average annual daily traffic volume for roadway segment
265 and major- and minor-road average annual daily traffic volumes for
266 intersections.

267 B The jurisdiction-specific SPF for any roadway segment facility type should
268 have a functional form in which predicted average crash frequency is
269 directly proportional to segment length.

270 These guidelines are not intended to stifle creativity and innovation in model

271 development. However, a model that does not account for overdispersed data or that
272 | cannot be integrated with the rest of the Part C predictive method will not be useful.

273 Two types of data sets may be used for SPF development. First, SPFs may be
274 | developed using only data that represent the base conditions, which are defined for
275 each SPF in Chapters 10, 11, and 12. Second, it is also acceptable to develop models
276 | using data for a broader set of conditions than the base conditions. In this approach,
277 |  all variables that are part of the applicable base-condition definition, but have non-
278 base-condition values, should be included in an initial model. Then, the initial model
279| should be made applicable to the base conditions by substituting values that

Page A-10 Part C / Predictive Methods
Appendix



280
281

282
283

284
285
286
287
288
289
290
291
292

293
294
295
296
297
298
299
300
301
302
303
304
305

306

Highway Safety Manual — 1°° Edition Current as of April 6, 2009

correspond to those base conditions into the model. Several examples of this process
are presented in Appendix A to Chapter 10.

A.1.3 Replacement of Selected Default Values in the
Part C Predictive Models to Local Conditions

The Part C predictive models use many default values that have been derived
from accident data in HSM-related research. For example, the urban intersection
predictive model in Chapter 12 uses pedestrian factors that are based on the
proportion of pedestrian crashes compared to total crashes. Replacing these default
values with locally derived values will improve the reliability of the Part C predictive
models. Exhibit A-3 identifies the specific exhibits in Part C that may be replaced
with locally derived values. In addition to exhibits, there is one equation - Equation
10-18 - which uses constant values given in the accompanying text in Chapter 10.
These constant values may be replaced with locally derived values.

Providing locally-derived values for the data elements identified in Exhibit A-3 is
optional. Satisfactory results can be obtained with the Part C predictive models, as
they stand, when the predictive model for each facility type is calibrated with the
procedure given in Section A.1.1. But, more reliable results may be obtained by
updating the data elements listed in Exhibit A-3. It is acceptable to replace some, but
not all of these data elements, if data to replace all of them are not available. Each
element that is updated with locally-derived values should provide a small
improvement in the reliability of that specific predictive model. To preserve the
integrity of the Part C predictive method, the quantitative values in the predictive
models, (other than those listed in Exhibit A-3 and those discussed in Sections A.1.1
and A.2.2), should not be modified. Any replacement values derived with the
procedures presented in this section should be incorporated in the predictive models
before the calibration described in Section A.1.1 is performed.
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307 Exhibit A-3: Default Accident Distributions Used in Part C Predictive Models Which May
308 Be Calibrated by Users to Local Conditions
Chapter Exhibit or Type of Roadway Element Data Element or Distribution That May Be
Equation Roadway Intersections Calibrated to Local Conditions
Number Segments
10 - Rural Exhibit 10-6 X Crash severity by facility type for roadway segments
two-lane
roads Exhibit 10-7 X Collision type by facility type for roadway segments
Exhibit 10-11 X Crash severity by facility type for intersections
Exhibit 10-12 X Collision type by facility type for intersections
Equation 10-18 X Driveway-related accidents as a proportion of total
accidents (Pp)
Exhibit 10-20 X Nighttime accidents as a proportion of total accidents by
severity level
Exhibit 10-23 X Nighttime accidents as a proportion of total accidents by
severity level and by intersection type
11 - Rural Exhibit 11-7 Crash severity and collision type for undivided segments
multilane
highways Exhibit 11-10 Crash severity and collision type for divided segments
Exhibit 11-16 X Crash severity and collision type by intersection type
Exhibit 11-24 X Nighttime accidents as a proportion of total accidents by
severity level and by roadway segment type for
undivided roadway segments
Exhibit 11-29 X Nighttime accidents as a proportion of total accidents by
severity level and by roadway segment type for divided
roadway segments
Exhibit 11-34 X Nighttime accidents as a proportion of total accidents by
severity level and by intersection type
12 - Urban | Exhibit 12-7 X Crash severity and collision type for multiple-vehicle
and nondriveway collisions by roadway segment type
suburban — ] . . .
arterials Exhibit 12-10 X Crash severity and collision type for single-vehicle
accidents by roadway segment type
Exhibit 12-11 X Crash severity for driveway-related collisions by roadway
segment type (see Footnote a)
Exhibit 12-17 X Pedestrian accident adjustment factor by roadway
segment type
Exhibit 12-18 X Bicycle accident adjustment factor by roadway segment
type
Exhibit 12-24 X Crash severity and collision type for multiple-vehicle
collisions by intersection type
Exhibit 12-30 X Crash severity and collision type for single-vehicle
accidents by intersection type
Exhibit 12-33 X Pedestrian accident adjustment factor by intersection
type for STOP-controlled intersections
Exhibit 12-34 X Bicycle accident adjustment factor by intersection type
Exhibit 12-40 X Nighttime accidents as a proportion of total accidents by
severity level and by roadway segment type
Exhibit 12-44 X Nighttime crashes as a proportion of total crashes by
severity level and by intersection type
309 NOTE: No quantitative values in the Part C predictive models, other than those listed here and those
310 discussed in Sections A.1.1 and A.1.2, should be modified by HSM users.
311 Footnote a: The only portion of Exhibit 12-10 that should be modified by the user are the crash severity
312 proportions.
313 Procedures for developing replacement values for each data element identified in
314 | Exhibit A-3 are presented below. Most of the data elements to be replaced are
315| proportions of crash severity levels and/or crash types that are part of a specific

Page A-12

Part C / Predictive Methods
Appendix




316
317
318
319
320
321
322
323
324
325

326

327
328
329

330

331
332
333
334
335
336
337
338
339

340

341
342
343
344
345
346

347
348

349
350
351
352
353

354

355
356
357
358
359

Highway Safety Manual — 1°° Edition Current as of April 6, 2009

distribution. Each replacement value for a given facility type should be derived from
data for a set of sites that, as a group, includes at least 100 accidents and preferably
more. The duration of the study period for a given set of sites may be as long as
necessary to include at least 100 accidents. In the following discussion, the term
“sufficient data” refers to a data set including a sufficient number of sites to meet this
criterion for total accidents. In a few cases, explicitly identified below, the definition
of sufficient data will be expressed in terms of an accident category other than total
accidents. In assembling data for developing replacements for default values,
accidents are to be assigned to specific roadway segments or intersections following
the definitions explained in Section A.2.3. and illustrated in Exhibit A-4.

Al131 Replacement of Default Values for Rural Two-Lane Highways

Five specific sets of default values for rural two-lane highways may be updated
with locally-derived replacement values by HSM users. Procedures to develop each
of these replacement values are presented below.

Crash severity by Facility Type

Exhibits 10-6 and 10-11 present the distribution of accidents by five crash severity
levels for roadway segments and intersections, respectively, on rural two-lane
highways. If sufficient data including these five severity levels (fatal, incapacitating
injury, nonincapacitating injury, possible injury, and property damage only) are
available for a given facility type, the values in Exhibits 10-6 and 10-11 for that facility
type may be updated. If sufficient data are available only for the three standard crash
severity levels (fatal, injury, and property damage only), the existing values in
Exhibits 10-6 and 10-11 may be used to allocate the injury accidents to specific injury
severity levels (incapacitating injury, nonincapacitating injury, and possible injury).

Collision Type by Facility Type

Exhibit 10-7 presents the distribution of accidents by collision type for seven
specific types of single-vehicle accidents and six specific types of multiple-vehicle
accidents for roadway segments and Exhibit 10-12 presents the distribution of
accidents by collision type for three intersection types on rural two-lane highways.
If sufficient data are available for a given facility type, the values in Exhibits 10-7 and
10-12 for that facility type may be updated.

Driveway-Related Accidents as a Proportion of Total Accidents for Roadway
Segments

Equation 10-18 includes a factor, Pp, which represents the proportion of total
accidents represented by driveway-related accidents. A value for Pp based on
research is presented in the accompanying text. This value may be replaced with a
locally-derived value, if data are available for a set for sites that, as a group, have
expereinced at least 100 driveway-related accidents.

Nighttime Accidents as a Proportion of Total Accidents for Roadway Segments

Exhibit 10-20 presents the proportions of total night-time accidents by severity
level and the proportion of total accidents that occur at night for roadway segments
on rural two-lane highways. These values may be replaced with locally-derived
values for a given facility type, if data are available for a set of sites that, as a group,
have experienced at least 100 nighttime accidents.
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360 Nighttime Accidents as a Proportion of Total Accidents for Intersections

361 Exhibit 10-23 presents the proportion of total accidents that occur at night for
362 | intersections on rural two-lane highways. These values may be replaced with locally-
363 | derived values for a given facility type, if data are available for a set of sites that, as a
364 | group, have experienced at least 100 nighttime accidents.

365 Al1.32 Replacement of Default Values for Rural Multilane Highways

366 Five specific sets of default values for rural multilane highways may be updated
367 | with locally-derived replacement values by HSM users. Procedures to develop each
368 | of these replacement values are presented below.

369 Crash severity and Collision Type for Undivided Roadway Segments

370 Exhibit 11-7 presents the combined distribution of accidents for four crash
371| severity levels and six collision types. If sufficient data are available for undivided
372| roadway segments, the values in Exhibit 11-7 for this facility type may be updated.
373 Given that this is a joint distribution of two variables, sufficient data for this
374 | application requires a set of sites of a given type that, as a group, have experienced at
375| least 200 accidents in the time period for which data are available.

376 Crash severity and Collision Type for Divided Roadway Segments

377 Exhibit 11-10 presents the combined distribution of accidents for four crash
378 | severity levels and six collision types. If sufficient data are available for divided
379 | roadway segments, the values in Exhibit 11-10 for this facility type may be updated.
380 Given that this is a joint distribution of two variables, sufficient data for this
381| application requires sites that have experienced at least 200 accidents in the time
382| period for which data are available.

383 Crash severity and Collision Type by Intersection Type

384 Exhibit 11-16 presents the combined distribution of accidents at intersections for
385| four crash severity levels and six collision types. If sufficient data are available for a
386 | given intersection type, the values in Exhibit 11-16 for that intersection type may be
387 | updated. Given that this is a joint distribution of two variables, sufficient data for this
388 | application requires a set of sites of a given type that, as a group, have experienced at
389 | least 200 accidents in the time period for which data are available.

390 Night-time Accidents as a Proportion of Total Accidents for Roadway Segments

391 Exhibits 11-24 and 11-29 present the proportions of total nighttime accidents by
392 | severity level and the proportion of total accidents that occur at night for undivided
393 | and divided roadway segments, respectively, on rural multilane highways. These
394 | values may be replaced with locally-derived values for a given facility type, if data
395 are available for a set of sites sites that, as a group, have experienced at least 100
396 | nighttime accidents.

397 Nighttime Accidents as a Proportion of Total Accidents for Intersections

398 Exhibit 11-34 presents the proportion of total accidents that occur at night for
399 | intersections on rural multilane highways. These values may be replaced with
400 | locally-derived values for a given facility type, if data are available for a set of sites
401 | that, as a group, have experienced at least 100 night-time accidents.
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Al1.33 Replacement of Default Values for Urban and Suburban Arterials

Eleven specific sets of default values for urban and suburban arterial highways
may be updated with locally-derived replacement values by HSM users. Procedures
to develop each of these replacement values are presented below.

Crash severity and Collision Type for Multiple-Vehicle Nondriveway Accidents
by Roadway Segment Type

Exhibit 12-7 presents the combined distribution of accidents for two crash
severity levels and six collision types. If sufficient data are available for a given
facility type, the values in Exhibit 12-4 for that facility type may be updated. Given
that this is a joint distribution of two variables, sufficient data for this application
requires a set of sites of a given type that, as a group, have experienced at least 200
accidents in the time period for which data are available.

Crash severity and Collision Type for Single-Vehicle Accidents by Roadway
Segment Type

Exhibit 12-10 presents the combined distribution of accidents for two crash
severity levels and six collision types. If sufficient data are available for a given
facility type, the values in Exhibit 12-10 for that facility type may be updated. Given
that this is a joint distribution of two variables, sufficient data for this application
requires a set of sites of a given type that, as a group, have experienced at least 200
accidents in the time period for which data are available.

Crash severity for Driveway-Related Collision by Roadway Segment Type

Exhibit 12-11 includes data on the proportions of driveway-related accidents for
two crash severity levels (fatal-and-injury and property-damage-only accidents) by
facility type for roadway segments. If sufficient data are available for a given facility
type, these specific severity-related values in Exhibit 12-11 for that facility type may
be updated. The rest of Exhibit 12-11, other than the last two rows of data which are
related to crash severity, should not be modified.

Pedestrian Accident Adjustment Factor by Roadway Segment Type

Exhibit 12-17 presents a pedestrian accident adjustment factor for specific
roadway segment facility types and for two speed categories: low speed (traffic
speeds or posted speed limits of 30 mph or less) and intermediate or high speed
(traffic speeds or posted speed limits greater than 30 mph). For a given facility type
and speed category, the pedestrian accident adjustment factor is computed as:

K pea
fpé'df = er (A-2)
non

Where,
foear = pedestrian accident adjustment factor
Kpes = observed vehicle-pedestrian crash frequency

Kion = observed frequency for all accidents not including vehicle-
pedestrian and vehicle-bicycle crash
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441 The pedestrian accident adjustment factor for a given facility type should be
442 |  determined with a set of sites of that speed type that, as a group, includes at least 20
443 | vehicle-pedestrian collisions.

444 Bicycle Accident Adjustment Factor by Roadway Segment Type

445 Exhibit 12-18 presents a bicycle accident adjustment factor for specific roadway
446 | segment facility types and for two speed categories: low speed (traffic speeds or
447 | posted speed limits of 30 mph or less) and intermediate or high speed (traffic speeds
448 | or posted speed limits greater than 30 mph). For a given facility type and speed
449 |  category, the bicycle accident adjustment factor is computed as:

450 Forcer = K bike (A-3)
Knan

451 Where,

452 friker = bicycle accident adjustment factor

453 Kuire = observed vehicle-bicycle crash frequency

454 Kuon = observed frequency for all accidents not including vehicle-

455 pedestrian and vehicle-bicycle crashes

456 The bicycle accident adjustment factor for a given facility type should be

457 |  determined with a set of sites of that speed type that, as a group, includes at least 20
458 |  vehicle-bicycle collisions.

459 Crash severity and Collision Type for Multiple-Vehicle Accidents by Intersection
460 Type

461 Exhibit 12-24 presents the combined distribution of accidents for two crash
462 | severity levels and six collision types. If sufficient data are available for a given
463 | facility type, the values in Exhibit 12-24 for that facility type may be updated. Given
464 | that this is a joint distribution of two variables, sufficient data for this application
465| requires a set of sites of a given type that, as a group, have experienced at least 200
466 | accidents in the time period for which data are available.

467 Crash severity and Collision Type for Single-Vehicle Accidents by Intersection
468 Type

469 Exhibit 12-30 presents the combined distribution of accidents for two crash
470 | severity levels and six collision types. If sufficient data are available for a given
471 | facility type, the values in Exhibit 12-30 for that facility type may be updated. Given
472 |  that this is a joint distribution of two variables, sufficient data for this application
473 | requires a set of sites of a given type that, as a group, have experienced at least 200
474 | accidents in the time period for which data are available.

475 Pedestrian Accident Adjustment Factor by Intersection Type

476 Exhibit 12-33 presents a pedestrian accident adjustment factor for two specific
477 |  types of intersections with STOP control on the minor road. For a given facility type
478 | and speed category, the pedestrian accident adjustment factor is computed using
479 | Equation A-2. The pedestrian accident adjustment factor for a given facility type is
480 | determined with a set of sites that, as a group, have experienced at least 20 vehicle-
481 | pedestrian collisions.
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Bicycle Accident Adjustment Factor by Intersection Type

Exhibit 12-34 presents a pedestrian accident adjustment factor for four specific
intersection facility types. For a given facility type and speed category, the bicycle
accident adjustment factor is computed using Equation A-3. The bicycle accident
adjustment factor for a given facility type is determined with a set of sites that, as a
group, have experienced at least 20 vehicle-bicycle collisions.

Nighttime Accidents as a Proportion of Total Accidents for Roadway Segments

Exhibit 12-40 presents the proportions of total nighttime accidents by severity
level for specific facility types for roadway segments and the proportion of total
accidents that occur at night. These values may be replaced with locally-derived
values for a given facility type, if data are available for a set of sites that, as a group,
have experienced at least 100 night-time accidents.

Nighttime Accidents as a Proportion of Total Accidents for Intersections

Exhibit 12-44 presents the proportions of total nighttime accidents by severity
level for specific facility types for intersections and the proportion of total accidents
that occur at night. These values may be replaced with locally-derived values for a
given facility type, if data are available for a set of sites that, as a group, have
experienced at least 100 nighttime accidents.

A.2 Use of the Empirical Bayes Method to
Combine Predicted Average Crash Frequency
and Observed Crash Frequency

Application of the EB Method provides a method to combined the estimate using
a Part C predictive model and observed crash frequencies to obtain a more reliable
estimate of expected average crash frequency. The EB Method is a key tool to
compensate for the potential bias due to regression-to-the-mean.  Accident
frequencies vary naturally from one time period to the next. When a site has a higher
than average frequency for a particular time period, the site is likely to have lower
crash frequency in subsequent time periods. Statistical methods can help to assure
that this natural decrease in crash frequency following a high observed value is not
mistaken for the effect of a project or for a true shift in the long-term expected crash
frequency.

There are several statistical methods that can be employed to compensate for
regression-to-the-mean. The EB Method is used in the HSM because it is best suited
to the context of the HSM. The Part C predictive models include negative binomial
regression models that were developed before the publication of the HSM by
researchers who had no data on the specific sites to which HSM users would later
apply those predictive models. The HSM users are generally engineers and planners,
without formal statistical training, who would not generally be capable of developing
custom models for each set of the sites they wish to apply the HSM to and, even if
there were, would have no wish to spend the time and effort needed for model
development each time they apply the HSM. The EB Method provides the most
suitable tool for compensating for regression-to-the-mean that works in this context.

Each of the Part C chapters presents a four-step process for applying the EB
Method. The EB Method assumes that the appropriate Part C predictive model (see
Section 10.3.1 for rural two-lane highways, Section 11.3.1 for rural multilane
highways, or Section 12.3.1 for urban and suburban arterials) has been applied to
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528 determine the predicted crash frequency for the sites that make up a particular
529 | project or facility for a particular past time period of interest. The steps in applying
530 | the EB Method are:

531 ®  Determine whether the EB Method is applicable, as explained in Section
532 A21

533 ®  Determine whether observed crash frequency data are available for the
534 project or facility for the time period for which the predictive model was
535 applied and, if so, obtain those crash frequency data, as explained in Section
536 A2.2. Assign each accident instance to individual roadway segments and
537 intersections, as explained in Section A.2.3.

538 ®  Apply the EB Method to estimate the expected crash frequency by
539 combining the predicted and observed accident frequencies for the time
540 period of interest. The site-specific EB Method, applicable when observed
541 crash frequency data are available for the individual roadway segments and
542 intersections that make up a project or facility, is presented in Section A.2.4.
543 The project-level EB Method, applicable when observed crash frequency
544 data are available only for the project or facility as a whole, is presented in
545 Section A.2.5.

546 B Adjust the estimated value of expected crash frequency to a future time
547 period, if appropriate, as explained in Section A.2.6

548 Consideration of observed accident history data in the Part C predictive method

549 | increases the reliability of the estimate of the expected accident frequencies. When at
550 | least two years of observed accident history data are available for the facility or
551| project being evaluated, and when the facility or project meets certain criteria
552 | discussed below, the observed crash data should be used. When considering
553 | observed accident history data, the procedure must consider both the existing
554 | geometric design and traffic control for the facility or project (i.e., the conditions that
555| existed during the before period while the observed accident history was
556 | accumulated) and the proposed geometric design and traffic control for the project
557| (i.e., the conditions that will exist during the after period, the period for which
558 | accident predictions are being made). In estimating the expected crash frequency for
559 | an existing arterial facility in a future time period where no improvement project is
560 | planned, only the traffic volumes should differ between the before and after periods.
561 For an arterial on which an improvement project is planned, traffic volumes,
562 | geometric design features, and traffic control features may all change between the
563 | Dbefore and after periods. The EB Method presented below provides a method to
564 | combine predicted and observed accident frequencies.

565 A.2.1 Determine Whether the EB Method is Applicable

566 The applicability of the EB Method to a particular project or facility depends on
567 | the type of analysis being performed and the type of future project work that is
568 | anticipated. If the analysis is being performed to assess the expected average crash
569 | frequency of a specific highway facility, but is not part of the analysis of a planned
570 | future project, then the EB Method should be applied. If a future project is being
571| planned, then the nature of that future project should be considered in deciding
572 | whether to apply the EB Method.

573 The EB Method should be applied for the analyses involving the following future
574 project types:
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® Sites at which the roadway geometrics and traffic control are not being
changed (e.g., the “do-nothing” alternative);

®  Projects in which the roadway cross section is modified but the basic number
of through lanes remains the same (This would include, for example,
projects for which lanes or shoulders were widened or the roadside was
improved, but the roadway remained a rural two-lane highway);

®  Projects in which minor changes in alignment are made, such as flattening
individual horizontal curves while leaving most of the alignment intact;

®  Projects in which a passing lane or a short four-lane section is added to a
rural two-lane highway to increase passing opportunities; and,

®  Any combination of the above improvements.

The EB Method is not applicable to the following types of improvements:

®  Projects in which a new alignment is developed for a substantial proportion
of the project length.

®  Intersections at which the basic number of intersection legs or type of traffic
control is changed as part of a project.

The reason that the EB Method is not used for these project types is that the
observed accident data for a previous time period is not necessarily indicative of the
accident experience that is likely to occur in the future, after such a major geometric
improvement. Since, for these project types, the observed crash frequency for the
existing design is not relevant to estimation of the future crash frequencies for the
site, the EB Method is not needed and should not be applied. If the EB Method is
applied to individual roadway segments and intersections, and some roadway
segments and intersections within the project limits will not be affected by the major
geometric improvement, it is acceptable to apply the EB Method to those unaffected
segments and intersections.

If the EB Method is not applicable, do not proceed to the remaining steps.
Instead, follow the procedure described in the Applications section of the applicable
Part C Chapter.

A.2.2 Determine Whether Observed Crash frequency
Data are Available for the Project or Facility and,
If So, Obtain Those Data

If the EB Method is applicable, it should be determined whether observed crash
frequency data are available for then project or facility of interest directly from the
jurisdiction’s accident record system or indirectly from another source. At least two
years of observed crash frequency data are desirable to apply the EB Method. The
best results in applying the EB Method will be obtained if observed crash frequency
data are available for each individual roadway segment and intersection that makes
up the project of interest. The EB Method applicable to this situation is presented in
Section A.2.4. Criteria for assigning accidents to individual roadway segments and
intersections are presented in Section A.2.3. If observed crash frequency data are not
available for individual roadway segments and intersections, the EB Method can still
be applied if observed crash frequency data are available for the project or facility as
a whole. The EB Method applicable to this situation is presented in Section A.2.5.
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619 If appropriate crash frequency data are not available, do not proceed to the
620 | remaining steps. Instead, follow the procedure described in the Applications section
621 | of the applicable Part C Chapter.

622 A.2.3 Assign accidents to individual roadway segments
623 and intersections for use in the EB Method

624 The Part C predictive method has been developed to estimate crash frequencies
625| separately for intersections and roadways segments. In the site-specific EB Method
626 | presented in section A.2.4, observed crashes are combined with the predictive model
627 | estimate of crash frequency to provide a more reliable estimate of the expected
628 | average crash frequency of a particular site. In Step 6 of the predictive method, if the
629 | site-specific EB Method is applicable, observed crashes are assigned to each
630 | individual site identified within the facility of interest. Because the predictive models
631| estimate crashes separately for intersections and roadway segments, which may
632 | physically overall in some cases, observed crashes are differentiated and assigned as
633 | either intersection related crashes or roadway segment related crashes.

634 Intersection crashes include crashes that occur at an intersection (i.e., within the
635| curb limits) and crashes that occur on the intersection legs and are intersection-
636 | related. All crashes that are not classified as intersection or intersection-related
637 | crashes are considered to be roadway segment crashes. Exhibit A-4 illustrates the
638 | method used to assign crashes to roadway segments or intersections. As shown:

639 ®  All crashes that occur within the curbline limits of an intersection (Region A
640 in the exhibit) are assigned to that intersection.

641 ®  Crashes that occur outside the curbline limits of an intersection (Region B in
642 the exhibit) are assigned to either the roadway segment on which they occur
643 or an intersection, depending on their characteristics. Crashes that are
644 classified on the crash report as intersection-related or have characteristics
645 consistent with an intersection-related crash are assigned to the intersection
646 to which they are related; such crashes would include rear-end collisions
647 related to queues on an intersection approach. Crashes that occur between
648 intersections and are not related to an intersection, such as collisions related
649 to turning maneuvers at driveways, are assigned to the roadway segment on
650 which they occur.

651 Exhibit A-4: Definition of Roadway Segments and Intersections

Segment Length

{cenier of Imersection o center of imerseciion)

B! B!
B A A
B! B |3

All crashes that ocour within this region are classified as intersection crashes.

Crashes In this region may be segment or Intersection related, depending on
652 on the characteristics of the aash.

R
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In some jurisdictions, crash reports include a field that allows the reporting
officer to designate the crash as intersection-related. When this field is available on
the crash reports, crashes should be assigned to the intersection or the segment based
on the way the officer marked the field on the report. In jurisdictions where there is
not a field on the crash report that allows the officer to designate crashes as
intersection-related, the characteristics of the crash may be considered to make a
judgment as to whether the crash should be assigned to the intersection or the
segment. Other fields on the report, such as collision type, number of vehicles
involved, contributing circumstances, weather condition, pavement condition, traffic
control malfunction, and sequence of events can provide helpful information in
making this determination.

If the officer’s narrative and crash diagram are available to the user, they can also
assist in making the determination. The following crash characteristics may indicate
that the crash was related to the intersection:

®  Rear-end collision in which both vehicles were going straight approaching
an intersection or in which one vehicle was going straight and struck a
stopped vehicle

®  Collision in which the report indicates a signal malfunction or improper
traffic control at the intersection

The following crash characteristics may indicate that the crash was not related to
the intersection and should be assigned to the segment on which it occurred:

®  Collision related to a driveway or involving a turning movement not at an
intersection

®  Single-vehicle run-off-road or fixed object collision in which pavement
surface condition was marked as wet or icy and identified as a contributing
factor

These examples are provided as guidance when an “intersection-related” field is
not available on the crash report; they are not strict rules for assigning crashes.
Information on the crash report should be considered to help make the
determination, which will rely on judgment. The information needed for classifying
crashes is whether each crash is, or is not, related to an intersection. The
consideration of crash type data is presented here only as an example of one
approach to making this determination.

Using these guidelines, the roadway segment predictive models estimate the
average frequency of crashes that would occur on the roadway if no intersection were
present. The intersection predictive models estimate the average frequency of
additional crashes that occur because of the presence of an intersection.

A2.4 Apply the Site-Specific EB Method

Equations A-4 and A-5 are used directly to estimate the expected crash frequency
for a specific site by combining the predictive model estimate with observed crash
frequency. The value of Negeced from Equation A-4 represents the expected crash
frequency for the same time period represented by the predicted and observed
accident frequencies. Nyyegicted, Nobseroed, aNd Nexpecrea all represent either total crashes or a
specific severity level or collision type of interest. The expected average crash
frequency considering both the predictive model estimate and observed accident
frequencies for an individual roadway segment or intersection is computed as:
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N expected — wx N predicted + (‘Z - M/) XN, observed (A-4)
1 (A-5)
w =
1 + k X ( ZNpred/cted)
all study
years
Where,

Nexpected = estimate of expected average crashes frequency for the study
period.

Npredictea=  predictive model estimate of average crash frequency
predicted for the study period under the given conditions.

Nopseroed = Observed crash frequency at the site over the study period.

w = weighted adjustment to be placed on the predictive model
estimate.

k = overdispersion parameter of the associated SPF used to
estimate Npyegicted -

When observed crash data by severity level is not available, the estimate of
expected average crash frequency for fatal-and-injury and property-damage-only
crashes is calculated by applying the proportion of predicted average crash frequency
by severity level (Npredictea(rn/ Npredictearrorary and Npredicteapoy/ Npredictearorar)) to the total
expected average crash frequency from Equation A-4.

Equation A-5 shows an inverse relationship between the overdispersion
parameter k, and the weight, w. This implies that when a model with little
overdispersion is available, more reliance will be placed on the predictive model
estimate, Nprdicies, and less reliance on the observed crash frequency, Nopseroed. The
opposite is also the case; when a model with substantial overdispersion is available,
less reliance will be placed on the predictive model estimate, Npdictes,, and more
reliance on the observed crash frequency, Nopseroed-

It is important to note in Equation A-5 that, as Npeuiced increases, there is less
weight placed on Npices and more on Nopserved.  This might seem counterintuitive at
first. However, this implies that for longer sites and for longer study periods, there
are more opportunities for crashes to occur. Thus, the observed crash history is likely
to be more meaningful and the model prediction less important. So, as Npreicted
increases, the EB Method places more weight on the number of crashes that actually
occur, Nopseret. When few crashes are predicted, the observed crash frequency,
Nobsered, i not likely to be meaningful, in statistical terms, so greater reliance is placed
on the predicted crash frequency, Npredicted.

The values of the overdispersion parameters, k, for the Safety Performance
Functions used in the predictive models are presented with each SPF in sections 10.6,
11.6 and 12.6.

Since application of the EB Method requires use of an overdispersion parameter,
it cannot be applied to portions of the prediction method where no overdispersion
parameter is available. For example, vehicle-pedestrian and vehicle-bicycle collisions
are estimated in portions of Chapter 12 from adjustment factors rather than from
models and should, therefore, be excluded from the computations with the EB
Method. Chapter 12 uses multiple models with different overdispersion parameters
in safety predictions for any specific roadway segment or intersection. Where
observed crash data are aggregated so that the corresponding value of predicted
crash frequency is determined as the sum of the results from multiple predictive
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models with differing overdispersion parameters, the project-level EB Method
presented in Section A.2.5 should be applied rather than the site-specific method
presented here.

Chapters 10, 11, and 12 each present worksheets that can be used to apply the
site-specific EB Method as presented in this section.

Section A.2.6 explains how to update Nexecres to a future time period, such as the
time period when a proposed future project will be implemented. This procedure is
only applicable if the conditions of the proposed project will not be substantially
different from the roadway conditions during which the observed crash data was
collected.

A.2.5 Apply the Project-Level EB Method

HSM users may not always have location specific information for observed
accident data for the individual roadway segments and intersections that make up a
facility or project of interest. Alternative procedures are available where observed
crash frequency data are aggregated across several sites (e.g., for an entire facility or
project). This requires a more complex EB Method for two reasons. First, the
overdispersion parameter, k, in the denominator of Equation A-5 is not uniquely
defined, because estimate of crash frequency from two or more predictive models
with different overdispersion parameters are combined. Second, it cannot be
assumed, as is normally done, that the expected average crash frequency for different
site types are statistically correlated with one another. Rather, an estimate of expected
average crash frequency should be computed based on the assumption that the
various roadway segments and intersections are statistically independent (r=0) and
on the alternative assumption that they are perfectly correlated (r=1). The expected
average crash frequency is then estimated as the average of the estimates for r=0 and
r=1.

The following equations implement this approach, summing the first three
terms, which represent the three roadway-segment-related accident types, over the
five types of roadway segments considered in the (2U, 3T, 4U, 4D, 5T) and the last
two terms, which represent the two intersection-related accident types, over the four
types of intersections (3ST, 35G, 4ST, 45G):

5 5 4

5 4
N predicted (TOTAL) z} N predicted rmj + Z] N predicted rsj + Z] N predicted raf + 21 N predicted imj + Z] N predicted isj (’4 '6)
Jj= J= J= Jj= J=

5 4

5 5 4
N, observed (TOTAL) z N, observed rmj + Z N, observed rsj + Z N observed rdj + Z N observed imj + z N, observed isj (’4'7 )
j=1 Jj=1

/=1 J=1 /=1

5 5 5
_ 2 2 2
Npred/ctea’ wo z krmj Nrmj + Z kr.sy' Nr.sy' + Z krd/ Nrd/ +
Jj=1 j=1 j=1

) ) (A-8)
; k/m/ N//an + ; k/sj N/j/
Nprezﬁctedw.l 225: \[krmj Nrmj + 25: \/krs/ N/'sj + i \/krd/ ij +
j:j jj =1 (A-9)
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Where:

Npredicred (TOTAL) =

Npredicted mj =

Npredicred rsj =

Npmdicted rdj =

Npredifted imj =

Npredicted isj =

Nobserved (roTAL) =

Nuhserved mj =

Nobserved rsj =

NDhSBﬂ)Bd rdj =

Nobserved imj =

Nobseroed isj =

w, = - r (A-10)

1 + N predicted wo

predicted (TOTAL)

4 N predicted (TOTAL) + ('Z - WU) Nobsen/ed (TOTAL) (A_‘Z‘Z)
1
w, = (A-12)
1 + Npredmted wl
Npred/'cted (TOTAL)
1 "V predicted (TOTAL) + (-Z -w 1) N, Observed (TOTAL) (A-13)
N, +N
expected/comb UTJ (’4 -1 4)

predicted number of total accidents for the facility or project
of interest during the same period for which accidents were
observed;

Predicted number of multiple-vehicle nondriveway collisions
for roadway segments of typej, j = 1..., 5, during the same
period for which accidents were observed;

Predicted number of single-vehicle collisions for roadway
segments of type j, during the same period for which
accidents were observed;

Predicted number of multiple-vehicle driveway-related
collisions for roadway segments of type j, during the same
period for which accidents were observed;

Predicted number of multiple-vehicle collisions for
intersections of typej, j = 1..., 4, during the same period for
which accidents were observed;

Predicted number of single-vehicle collisions for intersections
of type j, during the same period for which accidents were
observed;

Observed number of total accidents for the facility or project
of interest;

Observed number of multiple-vehicle nondriveway collisions
for roadway segments of type j;

Observed number of single-vehicle collisions for roadway
segments of type j;

Observed number of driveway-related collisions for roadway
segments of type j;

Observed number of multiple-vehicle collisions for
intersections of type j;

Observed number of single-vehicle collisions for intersections
of typej;
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N predicted wo = Predicted number of total accidents during the same period
for which accidents were observed under the assumption
that accident frequencies for different roadway elements are
statistically independent (p = 0);

kmj = Overdispersion parameter for multiple-vehicle nondriveway
collisions for roadway segments of type j;

k.= Overdispersion parameter for single-vehicle collisions for
roadway segments of type j;

k= Overdispersion parameter for driveway-related collisions for
roadway segments of type j;

kinj= Overdispersion parameter for multiple-vehicle collisions for
intersections of type j;

kij = Overdispersion parameter for single-vehicle collisions for
intersections of type j;

N predicedws = Predicted number of total accidents under the assumption
that accident frequencies for different roadway elements are
perfectly correlated (p =1);

wo = weight placed on predicted crash frequency under the
assumption that accident frequencies for different roadway
elements are statistically independent (r=0);

w1 = weight placed on predicted crash frequency under the
assumption that accident frequencies for different roadway
elements are perfectly correlated (r=1);

No = expected crash frequency based on the assumption that
different roadway elements are statistically independent
(r=0);

Ni: = expected crash frequency based on the assumption that

different roadway elements are perfectly correlated (r=1);
and

Nexpecteareoms = €xpected average crash frequency of combined sites
including two or more roadway segments or intersections.

All of the accident terms for roadway segments and intersections presented in
Equations A-6 through A-9 are used for analysis of urban and suburban arterials
(Chapter 12). The predictive models for rural two-lane roads and multilane highways
(Chapters 10 and 11) are based on the site type and not on the collision type; therefore,
only one of the predicted accident terms for roadway segments (Npredicted rimj, Npredicted rsjs
Npredicted raj), One of the predicted accident terms for intersections (Npredicted imjr Npredicted is)s
one of the observed accident terms for roadway segments (Nopserved rmjy Nobseroed rsjs
Nobserved rij), and one of the observed accident terms for intersections (Noserved imjr Nobserved
i) is used. For rural two-lane roads and multilane highways, it is recommended that
the multiple-vehicle collision terms (with subscripts rmj and imj) be used to represent
total accidents; the remaining unneeded terms can be set to zero.

Chapters 10, 11, and 12 each present worksheets that can be used to apply the
project-level EB Method as presented in this section.

The value of Nexpecteqromy from Equation A-14 represents the expected average
crash frequency for the same time period represented by the predicted and observed
accident frequencies. The estimate of expected average crash frequency of combined
sites for fatal-and-injury and property-damage-only crashes is calculated by
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multiplying the proportion of predicted average crash frequency by severity level
(Npredicred(ﬂ)/Npredicred(TOTAL) and Npredicred(PDO)/Npredicted(TOTAL)) to the total expected average
crash frequency of combined sites from Equation A-14. Section A.2.6 explains how to
update Nyeomy to a future time period, such as the time period when a proposed
future project will be implemented.

A.2.6 Adjust the Estimated Value of Expected Average

Crash frequency to a Future Time Period, If
Appropriate

The value of the expected average crash frequency (Nexpected) from Equation A-4 or
Nexpecteaeomy from Equation A-14 represents the expected average crash frequency for a
given roadway segment or intersection (or project, for Newecteqeomy )during the before
period. To obtain an estimate of expected average crash frequency in a future period
(the after period), the estimate is corrected for (1) any difference in the duration of the
before and after periods; (2) any growth or decline in AADTSs between the before and
after periods; and (3) any changes in geometric design or traffic control features
between the before and after periods that affect the values of the AMFs for the
roadway segment or intersection. The expected average crash frequency for a
roadway segment or intersection in the after period can be estimated as:

v | Nor [ AMEy, | AME, | [ AMF,
TP Ny, \ AMF, )| AMF,, AMF,,

Where,

(A-15)

expected average crash frequency during the future time
period for which accidents are being forecast for the segment
or intersection in question (i.e., the after period);

expected average crash frequency for the past time period for
which observed accident history data were available (i.e., the
before period);

= number of accidents forecast by the SPF using the future
AADT data, the specified nominal values for geometric
parameters, and —in the case of a roadway segment— the
actual length of the segment;

= number of accidents forecast by the SPF using the past AADT
data, the specified nominal values for geometric parameters,
and —in the case of a roadway segment — the actual length of
the segment;

AMF, ;= value of the nth AMF for the geometric conditions planned

for the future (i.e., proposed) design; and

AMF,, = value of the nth AMF for the geometric conditions for the

past (i.e., existing) design.

Because of the form of the SPFs for roadway segments, if the length of the
roadway segments are not changed, the ratio Ny / Ny, is the same as the ratio of the
traffic volumes, AADT; / AADT,. However, for intersections, the ratio Ny / Ny, is
evaluated explicitly with the SPFs because the intersection SPFs incorporate separate
major- and minor-road AADT terms with differing coefficients. In applying Equation
A-15, the values of Ny, Ny, AMF,,, and AMF,, should be based on the average
AADTSs during the entire before or after period, respectively.
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In projects that involve roadway realignment, if only a small portion of the
roadway is realigned, the ratio Nyt / Npp should be determined so that its value
reflects the change in roadway length. In projects that involve extensive roadway
realignment, the EB Method may not be applicable (see discussion in Section A.2.1).

Equation A-15 is applied to total average crash frequency. The expected future
average crash frequencies by severity level should also be determined by multiplying
the expected average crash frequency from the before period for each severity level
by the ratio Ny / N,..

In the case of minor changes in roadway alignment (i.e., flattening a horizontal
curve), the length of an analysis segment may change from the past to the future time
period, and this would be reflected in the values of Ny, and Ny

Equation A-15 can also be applied in cases for which only facility- or project-level
data are available for observed crash frequencies. In this situation, Nexpecteacom» should
be used instead of Negpectea in the equation.
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