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Executive Summary

This research project involved the development of type 1 and type 2 safety performance
functions (SPF) for the three major functional components of the state network, namely, roadway
segments, intersections and ramps. Type safety performance functions involve statistical models
with average daily traffic as the only predictor, while type 2 safety performance functions
included roadway geometrics in addition to traffic volume. A total of 60 type 1 SPFs were
developed for the five major severity outcomes, and another 60 type 2 SPFs were developed as
well. Twelve type 1 and type 2 SPFs were developed for intersections. Similarly, twelve type 1
and type 2 SPFs were developed for ramps as well. Model transferability tests were conducted
to evaluate parameter stability across years. In addition, model predictive measures of
effectiveness were evaluated on 2011-2012 out of model estimation samples. It was determined
that type 2 SPFs were superior to type 1 SPFs. In developing these SPFs, the entire state
network was scanned for complete geometric and traffic volume data. Over 13,000 centerline
miles of road segments, over 17,000 intersections and the entire ramp system with ramp metered
subsets were evaluated. Roadway segment SPFs excluded intersection ranges. The SPFs were
estimated using 2005-2010 historic data. Severity data was developed using SWITRS
definitions, including property damage only, complaint of pain, visible injury, severe and fatal
injury.
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Introduction
This research project was tasked by the California Department of Transportation (Caltrans)
to achieve three important objectives: a) to develop type 1 and type 2 safety performance
functions for roadway segments on Caltrans highways; b) to develop type 1 and type 2
safety performance functions for intersections on Caltrans highways; and c) to develop type
1 and type 2 safety performance functions for ramps on Caltrans highways. Associated with
the development of these safety performance functions (SPF), was the development of data
files that can be used for testing in Safety Analyst. Type 1 SPFs include functional forms
where the independent variables include an intercept and average daily traffic. The
functional form is specified as a logarithmic function representation of the event rate, in this
case, the number of crashes occurring per year. In the case of roadway segments, the length
of segment is used as an offset, which implies that the coefficient for segment length is
unity. The resulting type 1 functional form for roadway segments looks as follows:

Ind; = a + In(length); + BIn(ADT);; or equivalently, A; = length; * e® * ADTiB

The above equation assumes that length linearly affects expected crash rate for a roadway
segment. Intype 2 SPFs, the estimating equation includes geometric variables in addition to
the length and ADT effects. Therefore, given a vector of geometric effects Z;; and

associated coefficients y;, the estimating equation is now expanded to look as follows:
Ind; = a + In(length); + BIn(ADT); + Z§-=1yj Z;;; or equivalently,

l
A; = length; * e® x ADT,P x eXi=1%i%i

The coefficients a, B, and y; are estimated by the method of maximum likelihood. Similar to
roadway segments, for intersections, type 1 SPFs were estimated as follows: 4; = 4; =

e« ADT,? ;and Type 2 SPFs as follows: : 4; = A; = e“ * ADTF  « ezﬁflyjzii, Some
differences exist however. The length variable is not present in the estimating equation
since intersections are defined as fixed length ranges of 250 feet from the centerline of the
intersecting roadway. Type 2 SPFs for intersections do not include length as a variable;
they include the geometrics of the mainline as well as characteristics of the intersecting
roadway and attributes of the intersection relating to traffic to intersection geometry, traffic
signal control type and turn lane treatments. These effects are represented in the vector Z.
Finally, the ADT variable represents the volume effect on mainline intersection crashes
which are being predicted. Theoretically, both major and minor street crash outcomes
should be predicted with separate estimating equations when predicting intersection crashes
on all approaches. Capturing the marginal effect of volume with a single parameter when
conflicting flows occur is considered a significant parametric constraint, a condition which
should be accommodated only if there is strong statistical basis. In order to provide for a
strong statistical basis, geometric data should be consistently measured for all approaches,
which was not possible for this study.
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Type 1 SPFs for ramps are estimated of the form: , 4; = e * ADTiB since ramp lengths
are unknown. Type 2 SPFs for ramps are estimated by including ramp information such as
ramp control type, presence of HOV lane, and whether the ramp is an on-ramp or off-ramp.

Type 2 SPFs for ramps therefore look as follows: 4; = e * ADT/ « ezﬁflyizii, All of the
typel and type 2 SPFs discussed above are estimated by the method of maximum likelihood,
using the negative binomial density function which assumes a quadratic variance-mean
relationship. Therefore, in addition to the parameters described in the estimating equations,
an overdispersion parameter is also estimated to test for the plausibility of the negative
binomial. The following sections describe the methodology used for developing the SPFs,
including a discussion of the dataset development process, a discussion of the SPF classes,
and a discussion of the SPF models developed in terms of statistically significant variables.
Model discussion also addresses parameter stability and out of sample predictions.

Roadway Segment Data Development for SPFs
Data for roadway segments was assembled for the entire state network consisting of over

50,000 lane miles of roadway. Roadway geometric data such as number of lanes, inside and
outside shoulder widths, auxiliary lane information, roadside information (for example,
median type, presence of barrier etc.) was used to first determine homogeneous segments.
Homogeneous segments are segments where all geometry is of the same value within the
segment limits. If any geometry changed, it resulted in a new segment. Further, incomplete
data such as missing ADT or missing lane information led to omission of observations.
Using the complete segment data, then, two sets of databases were developed for roadways.
The first included intersections as part of the mainline running inventory, and the second
excluded the intersection ranges. The intersection range data was used for intersection type
2 SPF development. Table 1 below presents at the district level, the breakdown of segment
count for with and without intersection mainline inventories.

Table 1. District Level Homogeneous Roadway Segment Counts.

District With Intersections Without Intersections
1 2,367 3,140
2 2,875 3,995
3 2,976 3,894
4 5,018 6,062
5 2,501 3,233
6 2,786 3,659
7 3,867 4,378
8 3,090 3,681
9 608 800
10 2,320 3,135
11 2,668 3,208
12 1,228 1,356

Crash data was obtained from the statewide integrated traffic records system (SWITRS)
maintained by the California Highway Patrol (CHP). This system allows for a dump of raw
crash data for a specified period of reporting. The raw data was then aggregated by the
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homogeneous segment limits defined for roadway segments, and multi-year panels were
created for the period 2005-2010. For prediction testing, out of estimation samples for the
period 2011 were used. The SWITRS database provided for the estimation of five crash
severity types, namely, fatality, severe injury, visible injury, complaint of pain and property
damage only. Tables 2 and 3 show the breakdown of SWITRS crash totals for the
homogeneous segments for the period 2005-2010.

Table 2. Year by Year Breakdown of SWITRS Crash Counts for Homogeneous
Roadway Segments Without Intersection Ranges.

Year Property Complaint of Visible Severe Fatality
Damage Pain Injury Injury
Only

2005 113,184 33,303 17,851 3,110 1,382
2006 111,813 31,978 16,910 3,002 1,344
2007 105,714 32,241 15,300 3,062 1,223
2008 92,047 28,279 13,780 2,834 1,076
2009 87,973 27,816 12,944 2,543 974
2010 90,829 29,122 12,786 2,441 827

Though the total crash counts decrease toward the later years, the severity distributions have
remained relatively stable for the most part. However, it should be noted that even though
there appears to be a slight decrease in fatality percentage, a decrease of 0.21 percent points
in fatality occurrence is significant. Comparatively, the notable increase is in the complaint
of pain category, a 1.68 percentage point increase.

Table 3. Year by Year Breakdown of SWITRS Crash Counts for Homogeneous
Roadway Segments Without Intersection Ranges.

Year Property Complaint of Visible Severe Fatality
Damage Pain Injury Injury
Only
2005 67.04 19.73 10.57 1.84 0.82
2006 67.75 19.38 10.25 1.82 0.81
2007 67.10 20.47 9.71 1.94 0.78
2008 66.69 20.49 9.98 2.05 0.78
2009 66.52 21.03 9.79 1.92 0.74
2010 66.78 21.41 9.40 1.79 0.61

The Caltrans network is made up of twelve districts and 58 counties, and over 240 state
routes that include interstates, state highways, and arterials. District level breakdowns of
miles of roadway, and general crash patterns are described in the following section.
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Figure 1. Caltrans Districts and Counties.
As figure 1 shows, there are twelve districts 1-12 consisting of 58 counties. The integrated
dataset used in this study consisted of 15,162 centerline miles and 50,893.55 lane miles. A
total 0of 40,541 roadway segments (excluding intersection ranges), with average lane mile
length of 1.032 miles and segment length of 0.277 miles constituted this network.

A total of 897,688 crashes were analyzed for the 6-year period 2005-2010, with an average
of 3.69 crashes per segment per year. There were 601,560 property damage only (2.473
segment average per year), 182,739 complaint of pain (0.751 segment average per year),
89,571 visible (0.368 segment average per year), 16,992 severe (0.0698 segment average per
year), and 6826 fatal crashes (0.028 fatals per year per segment).

Figure 2 shows district 1 routes, counties and the geographical limits. District 1 consists
mainly of 4 counties — namely Del Norte, Humboldt, Lake and Mendocino. The integrated
dataset consists of 952.399 centerline miles and 2,399.418 lane miles. A total of 3,140
roadway segments (excluding intersection ranges), with average lane mile length of 0.618
miles and segment length of 0.238 miles constituted this network. A total of 8,939 crashes
were analyzed for District 1 for the period 2005-2010, including 5,177 property damage
only (PDO) crashes, 1,524 complaint of pain crashes, 1,573 visible crashes, 459 severe
crashes and 206 fatal crashes.
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The following rowies are not visible on the map.
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SR 53, SR 197, SR 200, SR 211, SR 222,
SR 254, SR 255, SR 271, SR 281, SR 283
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Figure 2. District 1 Routes and Counties.

Figure 3 shows district 2 routes, counties and the geographical limits. District 2 consists mainly
of 7 counties — namely Lassen, Modoc, Plumas, Shasta, Siskiyou, Tehama, and Trinity. The
integrated dataset consists of 1,781.047 centerline miles and 4,236.959 lane miles. A total of
3,995 roadway segments (excluding intersection ranges), with average lane mile length 0f 0.618
miles and segment length of 0.269 miles constituted this network.

The following routes are nat visible o the map. Click an the route numsber ta obiain information.
SR 147, SR 151, SR 161, $R 172, SR 263, SR 265, SR 275, SR 284
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Figure 3. District 2 Routes and Counties.
A total of 10,609 crashes were analyzed for District 2 for the period 2005-2010, including
6,566 property damage only (PDO) crashes, 1,860 complaint of pain crashes, 1,587 visible
crashes, 424 severe crashes and 172 fatal crashes.

Institute of Transportation Studies, UC Berkeley Page 16



Figure 4 shows District 3 routes, counties and geographical limits. District 3 consists
mainly of 11 counties — namely Butte, Colusa, El Dorado, Glenn, Nevada, Placer,
Sacramento, Sierra, Sutter, Yolo and Yuba. The integrated dataset consists of 1,514.463
centerline miles and 4,490.957 lane miles. A total of 3,894 roadway segments (excluding
intersection ranges), with average lane mile length of 0.984 miles and segment length of
0.298 miles constituted this network.

The following routes are not vighle om the map. SR 12, SR 51, SR 84, SR 104, SR 149, SR 153,
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Vorthwest |

mix Mizp J_ 1
e

’(m‘“ﬂ Click for
.n{.alw Fahoe Bosin

.- Mhlal't Tatt

f
ﬂ’u

um:n-a Spr

Go To Sew Francisco -
S P;r
= 7 ,-ﬁ' 51. Doﬂﬁoo@' Go Fo Fastern

Bay fired Mag s s
iarca Map

= Go To Comtral

Figure 4. District 3 Routes and Counties.
A total 0 60,121 crashes were analyzed for District 3 for the period 2005-2010, including
38,833 property damage only (PDO) crashes, 13,428 complaint of pain crashes, 6,128
visible crashes, 1,220 severe crashes and 512 fatal crashes.

Figure 5 shows District 4 routes, counties and geographical limits. District 4 consists of 9
counties — namely Alameda, Contra Costa, Marin, Napa, San Francisco, San Mateo, Santa
Clara, Solano, and Sonoma. The integrated dataset consists of 1,395.529 centerline miles
and 6,237.683 lane miles. A total of 6,062 roadway segments (excluding intersection
ranges), with average lane mile length of 0.888 miles and segment length of 0.182 miles
constituted this network. A total of 172,629 crashes were analyzed for District 4 for the
period 2005-2010, including 117,994 property damage only (PDO) crashes, 35,531
complaint of pain crashes, 15,353 visible crashes, 2,857 severe crashes and 8§94 fatal
crashes.
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Figure 5. District 4 Routes and Counties.
Figure 6 shows District 5 routes, counties and geographical limits. District 5 consists of 5
counties — namely Monterrey, San Benito, San Luis Obispo, Santa Barbara, and Santa Cruz.
The integrated dataset consists of 1,153.46 centerline miles and 3,182.205 lane miles. A
total of 3,233 roadway segments (excluding intersection ranges), with average lane mile
length of 0.804 miles and segment length of 0.280 miles constituted this network. A total of
34,608 crashes were analyzed for District 5 for the period 2005-2010, including 23,520
property damage only (PDO) crashes, 5,942 complaint of pain crashes, 3,840 visible
crashes, 972 severe crashes and 334 fatal crashes.
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Figure 6. District 5 Routes and Counties.

Figure 7 shows District 6 routes, counties and geographical limits. District 6 consists of 5
counties — namely Fresno, Kern, Kings, Madera and Tulare. The integrated dataset consists
0f2,026.216 centerline miles and 5,726.586 lane miles. A total of 3,659 roadway segments
(excluding intersection ranges), with average lane mile length of 1.169 miles and segment
length of 0.376 miles constituted this network. A total of 45,174 crashes were analyzed for
District 6 for the period 2005-2010, including 29,267 PDO crashes, 8,386 complaint of pain
crashes, 5,651 visible crashes, 1,187 severe crashes and 683 fatal crashes.

Institute of Transportation Studies, UC Berkeley Page 19



The following rauies are not visible an the map. . SR 46, SR 49, SR 134, SR 202,
Click on the route nmber to obinin infarmafion. -'7\'_"_3_ SR 204, SR 216, SR 260

Ge To Contral / Bl

California tap ,

4 Go To Eastern
§ Sierra Map

[\ GoToSan
/Y Bernardin &

i N\ Riverside Co M)
Coast tzp ;o) i

Go To Los Angefas
Ventora Co Map

Figure 7. District 6 Routes and Counties.
Figure 8 shows District 7 routes, counties and geographical limits. District 7 consists of 2
counties — namely Los Angeles and Ventura. The integrated dataset consists of 1,134.706
centerline miles and 46,618.883 lane miles. A total of 4,378 roadway segments (excluding
intersection ranges), with average lane mile length of 1.357 miles and segment length of
0.205 miles constituted this network.. A total of 268,349 crashes were analyzed for District
7 for the period 2005-2010, including 187,925 PDO crashes, 52,471 complaint of pain
crashes, 23,247 visible crashes, 3,480 severe crashes and 1,226 fatal crashes.
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Figure 8. District 7 Routes and Counties.
Figure 9 shows District 8 routes, counties and geographical limits. District 8 consists of 2
counties — namely San Bernadino and Riverside. The integrated dataset consists of
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1,904.634 centerline miles and 6,780.674 lane miles. A total of 3,681 roadway segments
(excluding intersection ranges), with average lane mile length of 1.579 miles and segment
length of 0.406 miles constituted this network... A total of 111,291 crashes were analyzed
for District 8 for the period 2005-2010, including 71,998 property damage only (PDO)
crashes, 23,570 complaint of pain crashes, 11,772 visible crashes, 2,624 severe crashes and

1,327 fatal crashes.
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Figure 9. District 8 Routes and Counties.

Figure 10 shows District 9 routes, counties and geographical limits. District 9 consists of 4
counties — namely Inyo, Kern , Mono, and San Bernadino. The integrated dataset consists
of 718.4 centerline miles and 1,703.636 lane miles. A total of 800 roadway segments
(excluding intersection ranges), with average lane mile length of 1.749 miles and segment
length of 0.744 miles constituted this network... A total of 1,780 crashes were analyzed for
District 9 for the period 2005-2010, including 1,065 property damage only (PDO) crashes,
252 complaint of pain crashes, 292 visible crashes, 133 severe crashes and 38 fatal crashes.

e ——
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Figure 10. District 9 Routes and Counties.
Figure 11 shows District 10 routes, counties and geographical limits. District 10 consists of

8 counties — namely Amador, Alpine, Calaveras, Mariposa, Merced, San Joaquin, Stanislaus
and Tuolumne. The integrated dataset consists of 1,320.156 centerline miles and 3,510.31
lane miles. A total of 3,135 roadway segments, with average lane mile length of 0.780
miles and segment length of 0.263 miles constituted this network. A total of 35,924 crashes
were analyzed for District 10 for the period 2005-2010, including 22,821 PDO, 7,098
complaint of pain crashes, 4,594 visible crashes, 964 severe crashes and 447 fatal crashes.

The following routes are not visible on the map.
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Figure 11. District 10 Routes and Counties.
Figure 12 shows District 11 routes, counties and geographical limits. District 11 consists of

2 counties — namely San Diego and Imperial. The integrated dataset consists of 978.023
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centerline miles and 4,025.168 lane miles. A total of 3,208 roadway segments (excluding
intersection ranges), with average lane mile length of 1.159 miles and segment length of
0.255 miles constituted this network.
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Figure 12. District 11 Routes and Counties.
A total of 66,285 crashes were analyzed for District 11 for the period 2005-2010, including
37,678 property damage only (PDO) crashes, 17,360 complaint of pain crashes, 8,859
visible crashes, 1,703 severe crashes and 685 fatal crashes.

Figure 13 shows District 12 routes, counties and geographical limits. District 12 consists of
1 county — namely Orange. The integrated dataset with 282.967 centerline miles, 1,981.071
lane miles, 1,356 roadway segments (excluding intersection ranges), with average lane mile
length of 1.313 miles and segment length of 0.175 miles constituted this network.
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Figure 13. District 12 Routes and Counties.
A total of 81,979 crashes were analyzed for District 12 for the period 2005-2010, including
58,716 property damage only (PDO) crashes, 15,317 complaint of pain crashes, 6,675
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visible crashes, 969 severe crashes and 302 fatal crashes. To summarize the district level
crash characteristics with respect to roadway segments, Table 4 shows the details below.

Table 4. District Level Distributions of Crash Frequencies by Severity on

Roadway Segments for the

eriod 2005-2010.

District Lane Total PDO CPAIN | VISIBLE | SEVERE | FATAL Total
Miles Segment
Length
(Miles)
1 1,941.487 | 747.419 5,177 1,524 1,523 459 206 8,939
2 2,715.502 | 1,072.741 6,566 1,860 1,587 424 172 10,609
3 3,832.659 | 1,160.735 | 38,833 13,428 6,128 1,220 512 60,121
4 5,382.614 | 1,100.713 | 117,994 | 35,531 15,353 2,857 894 172,629
5 2,599.617 | 907.532 23,520 5,942 3,840 972 334 34,608
6 4,275.709 | 1,375.299 | 29,267 8,386 5,651 1,187 683 45,174
7 5,939.087 | 899.359 | 187,925 | 52,471 23,247 3,480 1,226 268,349
8 5,812.746 | 1,493.365 | 71,998 23,570 11,772 2,624 1,327 111,291
9 1,399.544 | 595.443 1,065 252 292 133 38 1,780
10 2,445.609 | 823.892 22,821 7,098 4,594 964 447 35,924
11 3,717.372 | 817.559 37,678 17,360 8,859 1,703 685 66,285
12 1,780.678 | 237.02 58,716 15,317 6,675 969 302 81,979
All 601,560 | 182,739 | 89,571 16,992 6,826 | 897,688
Districts

Table 5. District Level Severity Distributions for the Period 2005-2010.

District | PDO | CPAIN | VISIBLE | SEVERE | FATAL | Total
1 57.91 17.05 17.60 5.13 2.30 100
2 61.89 17.53 14.96 4.00 1.62 100
3 64.59 | 22.33 10.19 2.03 0.85 100
4 68.35 | 20.58 8.89 1.65 0.52 100
5 67.96 17.17 11.10 2.81 0.97 100
6 64.79 18.56 12.51 2.63 1.51 100
7 70.03 19.55 8.66 1.30 0.46 100
8 64.69 |21.18 10.58 2.36 1.19 100
9 59.83 14.16 16.40 7.47 2.13 100
10 63.53 19.76 12.79 2.68 1.24 100
11 56.84 | 26.19 13.37 2.57 1.03 100
12 71.62 18.68 8.14 1.18 0.37 100
All 67.01 20.36 9.98 1.89 0.76 100

Districts

Table 5 shows the equivalent severity distributions by districts. As can be seen, the severity
distributions are not homogeneous across districts. This may be indicative of collision

priorities that can be strategized at the district level as well. For example, districts
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1,2,6,8,9,10 and 11 have lower PDO percentages and higher severe+fatal percentages

compared to the whole network. District 5 appears comparable in terms of PDO percentage,
but appears to have a higher severe+fatal percentage. District 3 on the other hand has a
lower PDO percentage but a comparable severe+fatal percentage compared to the whole
network. District 4, 7 and 12 appear to be lower on PDO percentages and lower on the
severe+fatal percentages as well compared to the whole network.

Segment Length Distributions

Segment length distributions were examined by SPF class. A total of 11 SPF classes were
created based on rural-urban distinctions and lane cross section leading to the following: a)

two-lane rural, b) four-lane rural, ¢) four-plus-rural, d) multilane undivided rural, e)

multilane divided, f) two-lane urban, g) four-lane urban, h) five-to-seven lane urban, i) eight
or more lane urban, j) multilane undivided urban, and k) multilane divided urban. Table 6
shows the distribution of segment lengths in the above mentioned SPF classes. As seen in
Table 6, 59.70% of the network has segment lengths less than or equal to 0.1 miles. The
percentages vary by SPF class for lengths less than or equal to 0.1 miles. This has
implications for network screening. If the distribution of segment lengths less than or equal

to 0.05 miles is used, then, the average percentage for the entire network is 44.08%.

Table 6. Segment Length Distributions by SPF Class (Segment Count in

Parentheses).
SPF Class <=0.1mi | <=0.2mi | <=03mi | <=04mi | <=0.5mi | <=1 mi
2-lane rural 50.00% 60.11% 67.42% 72.68% 76.80% | 86.51%
(4,202)
4-lane rural 55.98% 67.46% 73.77% 78.02% 81.54% | 90.45%
(9,149)
4-plus-rural 55.45% 63.64% 72.73% 77.73% 81.36% | 92.27%
(220)
Multilane undivided rural 36.84% 50.00% 64.04% 75.44% 78.07% | 91.23%
(114)
Multilane divided rural 75.76% 81.82% 87.88% 87.88% 90.91% | 93.94%
(33)
2-lane urban 67.76% 76.99% 82.51% 86.67% 89.42% | 95.61%
(5,598)
4-lane urban 61.97% 74.77% 80.94% 84.68% 87.52% | 94.37%
(7,182)
5-to-7-lane urban (4,268) 60.33% 75.75% 83.15% 87.18% 89.55% | 95.15%
8-plus-urban (5,694) 48.24% 68.77% 80.80% 86.97% 90.60% | 96.82%
Multilane undivided urban | 76.45% 84.50% 88.76% 92.07% 93.25% | 97.75%
(845)
Multilane divided urban 79.64% 88.32% 91.66% 93.79% 95.18% | 98.30%
(3,236)
All Classes 59.70% 72.33% 79.28% 83.61% 86.64% | 93.63%

The high percentage of lengths under 0.1 miles is due to the fact that several geometric

elements are used to determine homogeneous segments. These definitions affect the

Institute of Transportation Studies, UC Berkeley

Page 25




specification of estimating models. If the lengths are altered to decrease sensitivity to
geometric criteria, then, the implications for model development are significant. For
example, models where a particular geometric variable is found to be significant by the
universal homogeneous geometry definition, will require a modified definition if that
variable is removed from the homogeneity criteria list for the purpose of decreased
homogeneity sensitivity. As a result, one can have models with homogeneous geometric
variables and non-homogeneous geometric variables, which can contribute to inconsistent
model estimation. This is a significant estimation issue that should not be overlooked at the
expense of simplified segmentation assumptions for the purpose of network screening.

Network screening therefore might involve an involved iterative process where based on the
model specifications, segmentations can be redefined based on the identified geometric
universe of statistically significant variables. This is the preferred approach versus the
alternative approach where network screening involves SPF specific windows, based on the
SPF specific model variables.

Intersection Dataset for SPFs

A total of 17,200 intersections were assembled using the integration of mainline roadway
segment geometrics and intersection specific attributes. The following conditions were used
to define intersections:

a) Locate postmile of intersection as centerline postmile of mainline segmentation dataset

b) Isolate mainline intersection range as consisting of +/- 0.05 mile w.r.t centerline
postmile

c) Determine total crash count and SWITRS injury counts for the period 2005-2010

d) Merge mainline segment geometry from roadway segment dataset to match the +/- 0.05
mile intersection range

e) Intersection range can have multiple segments

f) Use minimum and maximum geometry values for continuous variables

g) Use dummy value of 1 if a dummy variable is valued at 1 in at least one segment(s) in
the intersection range

It should be noted here that mainline intersection crashes are being analyzed in the

development of intersection SPFs since cross street crash histories were not available. The

six-year period 2005-2010 was used to derive SWITRS crash counts by severity type for the

17,200 intersections. Table 7 shows the distribution of severities for this period.

Table 7. Six-Year Severity Distributions for State Route Intersections.

PDO CPAIN | VISIBLE | SEVERE | FATAL | TOTAL
Severity Count 76,338 32,835 14,805 3,248 1,161 128,387
Severity 59.46% | 25.58% | 11.53% 2.53% 0.90% | 100%
Percentage

A balanced panel of intersections was used for the six year period, meaning every
intersection has 6 years of crash history. A total of 128,387 crashes were analyzed over the
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six year period (does not include cross street crashes). Intersection related mainline crashes
account for roughly 13.8% of all mainline and ramp crashes, while intersection related
lengths constituted less than 700 miles of the network on state route mainlines. A total of
76,338 property damage only crashes, 32,835 complaint of pain crashes, 14,805 visible

injury, 3,248 severe injury crashes were analyzed and 1,161 fatal crashes were analyzed.

Intersection characteristics in terms of geometry and traffic control had substantial
heterogeneity. The route specific geometric heterogeneity also contributed to this effect. For
example, 126 state routes had at least 30 intersections which would imply a substantial

percentage of the non-freeway network (126 routes out of 213 routes used in the 17,200

intersection sample) had route specific geometric variations affecting intersection crash
performance. This might also be contributing to the shift in the severity distribution toward
the higher severities (3.43% for severe+fatal at intersections versus 2.65% for severe+fatal

for roadway segments) due to their interactions with the multidirectional flows that occur at

intersections.

Table 8 shows the distribution of key intersection characteristics.

Intersection Characteristic Count Percentage
Divided Mainline 5,994 34.85%
Undivided Mainline 10,881 63.26%
Rural 9,971 57.97%
Urban 5,052 29.37%
Suburban 2,178 12.66%
T-intersection 9,943 57.81%
Four-way intersection 5,337 31.03%
Y-intersection 1,015 5.90%
Five-leg intersection 146 0.85%
Offset-intersection 174 1.01%
No-control 587 3.41%
Stop-controlled cross street 12,141 70.59%
Four-way stop 81 0.47%
Two-phase pretimed 253 1.47%
Two-phase semiactuated 119 0.69%
Two-phase fully actuated 227 1.32%
Multi-phase fully actuated 1,722 10.01%
Lighted intersection 8,032 46.7%
Mainline mastarm 2,270 13.20%
No mainline left turn lane 10,855 63.11%
Painted mainline left turn lane 4,807 27.95%
Mainline left turn lane with curb 1,469 8.54%
No mainline right turn lane 15,332 89.14%

The characteristics shown above in Table 8 were evaluated along with segment level
attributes of the mainline passing through the intersection. As mentioned before, mainline
attributes such as shoulder widths, number of lanes, roadside treatments (median barrier,

guardrail for example) were integrated to form a comprehensive intersection geometric
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attribute dataset. Still, certain key intersection variables were missing — such as alignment
data and cross street geometry. Such omitted variable effects can contribute to

overdispersion in the crash models due to heterogeneity that arises from the missing

geometric effects. How these overdispersion effects vary by severity is evaluated through
type 2 SPFs for intersection models as discussed in a following section. As Table 8 shows,
the heterogeneity in observed geometry is significant, from five-leg geometry being present

at 174 intersections to absence of mainline right turn lane at 15,332 intersection sites.

Ramp Dataset

Ramp information was obtained from the web using the ramp volume data on the Caltrans
website. The information included 14,394 ramps containing a subset of metered ramps as
well. The distribution of ramps is heterogeneous by districts, as shown in Table 9 below.

Table 9. Ramp Distribution by District.

District Off-Ramp On-Ramp Directional Total
Ramps

1 146 157 20 325

2 151 178 30 359

3 505 612 51 1,169

4 1,255 1,527 252 3,037

5 359 388 1 798

6 436 542 88 1,067

7 1,364 1,738 347 3,452

8 606 642 45 1,293

9 2 7 5 14

10 133 157 24 314

11 675 808 63 1,647

12 359 474 81 919

Table 10. Ramp Crash Distribution by District.
District PDO CPAIN VISIBLE SEVERE FATAL Total

1 401 96 64 12 0 573
2 637 250 123 14 11 1,035
3 6,186 2,331 847 144 43 9,551
4 19,831 6,019 2,395 462 125 28,832
5 3,290 812 401 91 22 4,616
6 4,403 1,412 601 126 43 6,585
7 32,561 8,818 4,244 575 212 46,140
8 10,418 3,250 1,153 185 65 15,071
9 10 2 2 0 2 16
10 1,175 363 179 28 9 1,754
11 7,728 3,831 1,822 306 78 13,625
12 9,334 2,723 1,348 182 53 13,641

e ————————
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As tables 10 and 11 show, the distribution of severities across districts is in general consistent
with what one would expect of ramp crashes — a diminished fatal+severe percentage
compared to mainline crashes. District 9 appears to deviate from this norm but that is due to
a low number of total crashes, which can cause even a total of 2 fatal crashes to appear as a
high fatal+severe percentage of 12.5%.

Table 11. Ramp Crash Distribution by Severity Percentage.

District PDO CPAIN VISIBLE SEVERE FATAL Total
1 69.98 16.75 11.17 2.09 0.00 100
2 61.55 24.15 11.88 1.35 1.06 100
3 64.77 24.41 8.87 1.51 0.45 100
4 68.78 20.88 8.31 1.60 0.43 100
5 71.27 17.59 8.69 1.97 0.48 100
6 66.86 21.44 9.13 1.91 0.65 100
7 70.16 19.00 9.14 1.24 0.46 100
8 69.13 21.56 7.65 1.23 0.43 100
9 62.50 12.50 12.50 0.00 12.50 100
10 66.99 20.70 10.21 1.60 0.51 100
11 56.14 27.83 13.24 2.22 0.57 100
12 68.43 19.96 9.88 1.33 0.39 100

A subset of this ramp system was also evaluated for crash propensities. The ramp metering
subsystem contains 2,802 metered locations according to the 2013 Caltrans ramp
development report (RMDP). Table 12 shows the locations by district and Table 13 shows
the crash distributions for the 2,164 locations that are operational with measured ADT values
and ramp type information. This information is used to generate type 1 SPFs for ramps.

Table 12. District Level Distribution of Ramp Meters and Ramp Meter Dataset
Distribution by District Comparison.

2013 RMDP Data Evaluated Dataset Locations

Dist. | Existing | Planned L H C S D Total
1 0 0 0 0 0 0 0 0
2 1 10 0 0 0 0 0 0
3 189 163 43 0 0 77 0 120
4 637 684 87 0 48 174 19 328
5 3 10 1 0 0 2 0 3
6 64 111 20 0 0 38 0 58
7 999 69 199 | 230 | 20 405 0 854
8 209 224 19 0 0 190 0 209
9 0 0 0 0 0 0 0 0
10 2 167 1 0 0 1 0 2
11 310 130 54 | 58 12 162 0 289**
12 345 2 106 | 56 0 139 0 301

** Includes 3 direct ramps

e ————————
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As shown in Table 12, several districts have a large number of meters planned for in the near
future (3, 4, 6, 8, 10 and 11 in particular). The evaluated dataset locations (2,164 sites) are
shown in the right side of Table 12 and did not include districts 1, 2 and 9. Five major ramp
types are evaluated (L for loop, H for hook, C for freeway-to-freeway connector, S for
slip/diagonal, D for collector-distributor, see Figure 14). The majority of the evaluated ramp
types are slip/diagonal or loop. To a smaller extent the hook configuration appears
prominently in the District 7, 11 and 12 systems evaluation. Collector/distributor
configurations are evaluated in District 4 alone.

Figure 14. Ramp Metering System Configuration Types.
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Table 13. Ramp Metering System Crash Distributions.

District PDO CPAIN VISIBLE SEVERE | FATAL Total
3 145 53 14 2 1 215
4 2,565 784 275 34 12 3,670
5 17 13 1 0 0 31
6 432 124 38 9 3 606
7 452 118 55 5 3 633
8 230 73 20 3 1 327
10 8 1 0 0 0 9
11 213 111 53 8 3 388
12 2,839 791 376 38 9 4,053

For type 2 SPFs for ramps, additional information relating to number of lanes, HOV meter
presence and ramp type (for example, loop, slip, etc.) is required on a consistent basis for all
observations. Considering the initial set of 2,162 sites, ADT, meter, HOV and ramp type
information was available for 803 locations. The significant attrition in the ramp metering
dataset is due to the absence of identifying information for number of lanes on the ramp and
the HOV metering aspect. Quite a few sites had zero number of lanes or blanks for the
number of lanes value. There are three typical characters used for defining HOV metering
(using the HOVPL designation of Caltrans) — N or NM for no HOV meter, and M for HOV
meter. Quite a few sites had blanks for the HOVPL column.

Safety Performance Function Development

Roadway Segment SPFs

Safety performance functions for roadway segments were developed on the basis of

classifications of roadways. The Federal Highway Administration (FHWA) provides for a
table that characterizes roadway functional classes with respect to a range of ADTs on the

roadways. Figure 15 shows the suggested functional class definitions.
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Figure 15. Typical Functional Characteristics (per FHWA).

Using the information in figure 15, the following parameters were used as the basis for
defining urban and rural functional thresholds: An upper ADT bound of 35,000 was used to
define rural interstate freeways. Comparatively, a lower ADT bound of 13,000 was used for
urban state freeways and expressways. Finally, a lower ADT bound of 3,000 was used for
urban non-freeways/non-expressways, including arterials. Using these definitions, the
following SPF architecture was developed, as shown in figure 16.

Figure 16. Type 1 and Type 2 SPF Modeling Architecture.
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As figure 16 shows, the boxes highlighted in green indicate SPF classes for which statistical
models were developed. Table 6 in a previous section shows the observation (segment)
count for each of these classes. The observation count provided for reliable estimation of all
parameters including type 2 SPF specifications (in addition to the overdispersion parameter).
As a result, the architecture resulted in a total of 10 SPF classes, with five severity types and
total crash counts as the six major outcomes being predicted. This resulted in a total of 120
models there were developed in this study. The detailed models are shown in appendix A.
Further, in appendix A, models for total injuries, total fatalities and total noninjuries are
included as well. For the purpose of the main document, a summary of the SPFs is included
is in tables 14 and 15. Table 14 shows the type 1 SPFs by the ten SPF classes for total
crashes, while table 15 shows the type 1 SPFs for the same ten SPF classes for the five
severities, PDO, CPAIN, VISIBLE, SEVERE and FATAL. As can be seen, the universe of
type 2 SPF variables is substantial, even though the specifications vary by model. A
discussion of the elasticity of the SPF2 variables (where continuous) is also included.
Elasticity is defined as the percent change in the outcome variable due to a one percent
change in the independent (predictor) variable. For the form used in the estimating equation,
the elasticity of a continuous variable is defined as the product of the coefficient and the
mean value of the independent variable.

Institute of Transportation Studies, UC Berkeley Page 33



Table 14. Type 1 SPFs for Roadway Segments for Total Crashes.*

SPF Class o § 0
2-lane rural -5.13 0.68 1.19
4-lane rural -4.36 0.60 1.18
4-plus-rural 1.52 0.12 3.12
Multilane undivided rural -4.49 0.60 0.98
2-lane urban -7.09 0.98 2.18
4-lane urban -5.78 0.82 1.40
5-to-7-lane urban -6.49 0.89 0.91
8-plus-urban -10.75 1.24 0.64
Multilane undivided urban -5.86 0.91 3.36
Multilane divided urban -7.11 1.01 2.62

*All coefficients significant at 95% or better
a is coefficient for constant (intercept)
B is coef ficient for In(ADT)

0 is overdispersion parameter

Table 15. Type 1 SPFs for Roadway Segments for PDO, CPAIN, VISIBLE, SEVERE and FATAL crash types.

SPF Class PDO CPAIN VISIBLE SEVERE FATAL
o B 0 o B 0 o B 0 o B 0 a B 0
2-lane rural -6.36 | 0.75 | 1.15 | -7.66 | 0.77 | 1.48 | -6.04 | 0.59 | 1.38 | 495 | 0.31 | 1.39 | -6.71 0.40 | 0.74
4-lane rural -5.55 1 0.66 | 1.20 | -542 | 050 | 1.41 | 473 | 042 | 0.89 | 458 | 0.27 | 0.75 | -7.14 047 | 041
4-plus-rural 1.08 | 0.12 | 3.56 | -0.95 | 0.20 | 6.08 | -5.10 | 0.52 | 1.43 | -9.06 | 0.75 | 0.23 | -0.37 | -0.20 | 0.59
Multilane undivided rural** | -5.80 | 0.70 | 1.29 | -2.34 | 0.09 | 047 | -994 | 1.08 | 248 | -6.49 | 0.46 -20.17 | 1.98
2-lane urban -8.81 1.11 | 262 | 939 | 1.04 | 272 | -566 | 0.56 | 1.43 | -7.24 | 0.61 | 2.17 | -7.68 0.56 | 1.29
4-lane urban -7.60 | 094 | 143 | -840 | 090 | 1.58 | -8.61 | 0.85 | 0.65 | -833 | 0.67 | 0.55 | -7.70 0.53 | 0.69
5-to-7-lane urban -8.64 | 1.04 | 091 | -9.17 | 098 | 0.79 | -9.35 | 092 | 0.44 | -8.64 | 0.70 | 0.37 | -7.84 0.55 | 0.32
8-plus-urban -12.43 | 1.35 ] 0.70 | -13.09 | 1.30 | 0.52 | -10.40 | 1.00 | 0.33 | -10.04 | 0.82 | 0.24 | -8.07 0.57 | 0.19
Multilane undivided urban -6.13 | 0.89 | 425 | -11.08 | 1.26 | 428 | -6.22 | 0.67 | 3.11 | 476 | 035 | 1.12 | -9.39 0.75 | 0.40
Multilane divided urban -7.23 | 097 | 3.05 | -12.06 | 1.35 | 3.21 | -9.87 | 1.03 | 227 | -9.60 | 0.83 | 1.59 | -7.18 0.51 | 0.28

All coefficients significant at 95% or better (exceptions: 4-lane rural OD)
** poisson model for severe and fatal severity types
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Tables 16-20 present type 2 SPFs for rural two-lane roadway segments.

Table 16. Rural Two-lane SPF 2 - Property Damage Only Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -543 0.22 -24.43
Logarithm of ADT 0.86 0.03 29.65
DES SP -0.03 0.002 -14.04
IMP -0.65 0.16 -4.06
VEN 0.60 0.09 6.32
INY -0.63 0.12 -5.30
RT140 0.74 0.16 4.60
RT88 0.63 0.12 5.15
RT32 0.36 0.17 2.11
RT146 2.02 0.15 13.07
YEARO06 -0.15 0.06 -2.32
YEARO7 -0.17 0.07 -2.56
YEARO8 -0.22 0.07 -3.33
YEARO09 -0.29 0.07 -4.17
YEARI10 -0.18 0.07 -2.61
Scale parameter for 0.81 0.06 14.42
overdispersion
Log-likelihood at
convergence -8,920.207
Number of observations 25,218
Table 17. Rural Two-lane SPF 2 - Complaint of Pain Collision Counts.
Variable Mean Standard T-
Error statistic
Constant -5.96 0.33 -17.93
Logarithm of ADT 0.87 0.05 19.23
Logarithm of length of
segment in miles 1.0
DES SP -0.05 0.004 -13.64
SIS -0.49 0.19 -2.55
SJ 0.83 0.45 1.84
RT88 0.94 0.19 4.86
RT32 0.49 0.24 2.00
SDIEGO 0.41 0.13 3.18
Scale parameter for 0.88 0.13 6.69
overdispersion
Number of observations 25,218

As noticed in tables 16 and 17, in addition to design speed, the majority of statistically
significant effects are county and route dummies. Year specific dummies represent time related
shifts in specific years, such as 2006, for example. For specifying year dummies, year 2005 is
used as the baseline. A negative sign for year specific dummies indicates that crashes are
expected to be fewer in that year compared to year 2005.
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Table 18. Rural Two-lane SPF 2 - Visible Injury Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -4.43 0.30 -14.62
Logarithm of ADT 0.68 0.04 17.28
DES SP -0.04 0.003 -14.54
MNO -0.39 0.21 -1.86
LA 1.18 0.25 4.80
SDIEGO 0.86 0.11 7.86
RT140 0.63 0.19 3.31
RT88 0.62 0.20 3.15
RT190 -0.82 0.17 -4.78
VEN 0.78 0.12 6.72
YEARO06 -0.15 0.07 -2.06
YEARO09 -0.14 0.07 -2.02
YEARI0 -0.32 0.08 -3.89
Scale parameter for 0.69 0.09 7.31
overdispersion
Number of observations 25,218
Table 19. Rural Two-lane SPF 2 - Severe Injury Collision Counts.
Variable Mean Standard T-
Errors statistic
Constant -4.81 0.41 -11.70
Logarithm of ADT 0.54 0.06 9.64
DES SP -0.03 0.005 -6.95
LA 1.47 0.28 5.29
LT OS WI -0.05 0.02 -2.95
VEN 1.41 0.13 10.49
YEAROS8 0.24 0.10 2.44
YEARO09 -0.30 0.12 -2.44
Scale parameter for 0.44 0.17 2.52
overdispersion
Log-likelihood at
convergence -2,571.195
Number of observations 25,218
Table 20. Rural Two-lane SPF 2 - Fatal Injury Collision Counts.
Variable Mean Standard T-
Errors statistic
Constant -6.54 0.65 -10.07
Logarithm of ADT 0.39 0.09 4.35
RT140 0.73 0.40 1.83
YEARO09 -0.46 0.20 -2.30
YEARI0 -0.69 0.23 -2.96
Scale parameter for 0.70 0.40 1.86
overdispersion
Log-likelihood at
convergence -1,119.706
Number of observations 25,218

As seen in tables 18-20, in addition to design speed, left outside shoulder width is statistically
significant (severe injury model), with the rest of the effects being county, route and year

Institute of Transportation Studies, UC Berkeley Page 36



dummies. This indicates on the whole that for two-lane rural roadway segments, spatial effects,
time effects and design effects are at play, in addition ADT. The elasticity of ADT does not
exceed unity, since the coefficient directly represents the effect of a one percent change of ADT
in the outcome. The highest elasticity of ADT is seen in complaint of pain outcomes, with a
value of 0.87. The elasticity of design speed is highest for complaint of pain outcomes as well,
with a value of -2.546, indicating a substantial elastic effect of design in two-lane rural
roadways. This indicates that speed management on two-lane rural roadways can have
substantive beneficial effects on safety.

Tables 21-25 present type 2 SPFs for 4-lane rural roadways. The results are interpreted along
with the tables.

Table 21. Rural Four-lane SPF 2 -PDO Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -4.99 0.12 -41.92
Logarithm of ADT 0.82 0.01 61.81
DES_SP -0.03 0.001 -30.05
RT IS WI -0.01 0.005 -2.00
MESTRUC 1.48 0.06 25.81
MEBRAIL -1.00 0.08 -13.07
SB 0.89 0.06 14.87
RT29 0.49 0.05 9.33
RT2 0.81 0.09 9.24
RT23 1.02 0.08 13.55
RT198 0.74 0.07 11.40
RT84 -0.42 0.11 -3.69
RT80 1.03 0.07 14.81
RT101 0.27 0.04 6.45
YEARO06 -0.08 0.03 -2.48
YEARO7 -0.16 0.03 -4.75
YEARO8 -0.19 0.03 -5.76
YEARO09 -0.23 0.03 -6.84
YEARIO -0.23 0.03 -6.96
Scale parameter for 0.94 0.02 43.42
overdispersion
Log-likelihood at -33,902.384
convergence
Number of observations 54,894

Table 21 shows that in addition to ADT, design speed, inside right shoulder width, and median
side object dummies such as structure and rail are statistically significant. In addition, county
dummies (SB), route dummies and year dummies are significant. The negative sign of the year
dummies indicates that crashes in year 2005 are expected to be higher than years 2006-2010.
Route dummies are mixed in sign, with negative effects indicating fewer crashes than the routes
not included in the model.
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Table 22. Rural Four-lane SPF 2 - Complaint of Pain Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -5.57 0.17 -32.14
Logarithm of ADT 0.75 0.02 35.85
DES_SP -0.04 0.002 -21.52
DN 0.72 0.12 6.01
NEV 0.89 0.10 8.77
PLA 0.80 0.13 6.23
SM 0.57 0.09 6.73
SON 0.34 0.15 2.32
SB 0.72 0.12 5.86
SLO 0.26 0.09 2.95
VEN 0.60 0.14 421
RT29 0.82 0.08 9.97
RT12 0.89 0.12 7.55
RT2 1.31 0.12 11.28
RT5 -0.28 0.07 -4.12
RT99 0.34 0.11 3.07
RT4 0.29 0.09 3.28
RT68 1.75 0.40 4.35
RT180 0.40 0.08 4.99
RT14 -0.53 0.21 -2.48
YEARO06 -0.08 0.04 -1.91
Scale parameter for 1.06 0.05 20.86
overdispersion
Log-likelihood at -15,727.764
convergence
Number of observations 54,894

Table 22 shows the results for complain of pain type 2 SPF. As seen in the table, the main
geometric effect is design speed. All county dummies appear positive which indicates a higher
crash frequency than counties excluded from the model. Several route dummies are also
significant, but the time effects appear limited to year 2006 which indicates a lower complaint of
pain crash frequency compared to other years. The significance of numerous spatial effect
dummies indicates that spatial heterogeneity appears to dominate complain of pain outcomes.
The elasticity of the design speed variable is high at -2.29, which indicates a 2.29% decrease in
complaint of pain outcomes for a 1% decrease in design speed. The design speed effect is
strongest in complaint of pain outcomes while ADT elasticity is strongest in PDO outcomes with
a value of 0.82. An elasticity of unity for ADT would signify that ADT would be a linear
multiplier for crash frequency while an elasticity greater than unity would indicate a super-linear
(greater than unity exponent) effect. The length variable is not reported in any of the models
since it is constrained to be equal to unity. Though the ADT parameter appears close to unity,
the standard error indicates that is sublinear in elasticity, i.e., significantly different from unity.
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Table 23. Rural Four-lane SPF 2 - Visible Injury Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -4.94 0.16 -30.23
Logarithm of ADT 0.63 0.02 32.54
DES SP -0.02 0.002 -12.03
DN 0.62 0.09 6.54
SM 0.44 0.10 4.35
VEN 0.90 0.11 7.94
RT4 0.18 0.08 2.17
RT35 0.83 0.17 4.97
SDIEGO 0.77 0.06 13.09
LA 1.39 0.08 18.11
NAP 0.80 0.17 4.79
RT_OS WI -0.05 0.005 -9.90
RT IS WI 0.05 0.007 7.00
YEARO7 -0.11 0.04 -2.57
YEAROS8 -0.23 0.04 -5.48
YEARO09 -0.28 0.04 -6.29
YEARIO -0.37 0.05 -7.96
Scale parameter for 0.62 0.04 16.88
overdispersion
-15,714.839
Log-likelihood at
convergence
Number of observations 54,894
Table 24. Rural Four-lane SPF 2 - Severe Injury Collision Counts.
Variable Mean Standard T-
Error statistic
Constant -3.96 0.28 -14.23
Logarithm of ADT 0.44 0.03 13.34
DES SP -0.03 0.003 -9.66
VEN 1.00 0.18 5.43
LA 1.12 0.16 7.11
MED WI 0.005 0.0009 5.55
RT_OS WI -0.03 0.01 -3.17
MRN 1.06 0.15 7.28
SB 0.48 0.19 2.47
RT29 0.53 0.16 3.40
RT168 -0.33 0.17 -1.90
YEARO06 -0.20 0.08 -2.59
YEARO7 -0.18 0.08 -2.31
YEARO8 -0.19 0.08 -2.39
YEARO09 -0.41 0.08 -4.97
YEARIO -0.36 0.08 -4.32
Scale parameter for 0.58 0.09 6.45
overdispersion
Log-likelihood at -6,999.565
convergence
Number of observations 54,894
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Table 25. Rural Four-lane SPF 2 - Fatal Injury Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -7.10 0.30 -23.74
Logarithm of ADT 0.48 0.03 14.91
RT101 0.30 0.14 2.19
RT40 0.36 0.12 3.07
RT2 1.06 0.27 4.01
RT99 0.62 0.25 2.44
VEN 0.62 0.29 2.12
LAK 0.60 0.17 3.50
YEARO7 -0.18 0.09 -2.07
YEARO8 -0.26 0.09 -2.84
YEARO09 -0.27 0.09 -2.93
YEARIO -0.49 0.10 -4.83
Scale parameter for N/A N/A N/A
overdispersion
Log-likelihood at -3,962.827
convergence
Number of observations 54,894

As seen in tables 21-25, the type 2 SPFs involve in addition to design speed, inside right
shoulder width, outside right shoulder width and median width as geometric effects that are
statistically significant. The maximum elasticities of inside and outside right shoulder widths are
0.05 to -0.30 indicating that the effects do not result in a greater than 1 percent change in any
severity type due to a one percent change in the shoulder width. Median width similarly is
inelastic with an effect of 0.14 percent change in severe injury collisions for a one percent
change in median width.

Tables 26-30 show type 2 SPFs for rural four-lane-plus roadway segments.

Table 26. Rural Four-Plus-Lane SPF 2 - PDO Collision Counts.

Variable Mean Standard T-
Error statistic

Constant -1.86 0.88 -2.13

Logarithm of ADT 0.34 0.08 4.23

RTLANES 0.30 0.04 7.51

LMEDHOV 1.91 0.34 5.59

MENOBARR -1.03 0.12 -8.63

SHA -0.99 0.20 -5.06

Scale parameter for 1.49 0.12 12.56

overdispersion

Log-likelihood at -1,596.870

convergence

Number of observations 1,320
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Table 27. Rural Four-Plus-Lane SPF 2 - Complaint of Pain Collision Counts.

Variable Mean Standard T-statistic
Error

Constant -0.67 0.73 -1.93

Logarithm of ADT 0.10 0.07 1.39

LT TR WI 0.03 0.005 6.82

MENOBARR -1.90 0.15 -12.43

SHA -1.27 0.30 -4.29

YEAROS 0.25 0.16 1.77

Scale parameter for 1.60 0.23 6.97

overdispersion

Log-likelihood at -821.529

convergence

Number of observations 1,320

Table 28. Rural Four-Plus-lane SPF 2 - Visible Injury Collision Counts.

Variable Mean Standard T-
Error statistic

Constant -5.12 0.80 -6.42

Logarithm of ADT 0.46 0.08 5.89

LT TR WI 0.02 0.005 4.88

LMEDHOV 2.36 0.28 8.32

MENOBARR -0.65 0.15 -4.30

Scale parameter for 0.47 0.14 3.28

overdispersion

Log-likelihood at -628.742

convergence

Number of observations 1,320

Table 29. Rural Four-Plus-Lane SPF 2 - Severe Injury Collision Counts.

Variable Mean Standard T-
Error statistic

Constant -6.01 1.44 -4.18

Logarithm of ADT 0.46 0.14 3.33

LMEDHOV 2.67 0.42 6.35

MENOBARR -0.50 0.29 -1.70

Scale parameter for N/A N/A N/A

overdispersion

Log-likelihood at -224.634

convergence

Number of observations 1,320
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Table 30. Rural Four-Plus-Lane SPF 2 - Fatal Injury Collision Counts.

Variable Mean Standard T-
Error statistic

Constant -1.06 1.52 -1.70
Logarithm of ADT -0.08 0.16 -1.49
RTI10 2.08 0.53 3.96
YEARO06 -0.69 0.42 -1.83
YEARO7 -1.02 0.49 -2.11
YEARO09 -1.03 0.49 -2.12
YEARIO -1.95 0.73 -2.66
Scale parameter for N/A N/A N/A
overdispersion

-148.407
Log-likelihood at
convergence
Number of observations 1,320

As seen in tables 26-30, the geometric effects range from continuous effects such as right travel
lanes to left travel width to dummy effects such as left median side HOV lane presence and non-
barriered median. The elasticity of ADT is greatest on visible and severe injury outcomes with a
value of 0.46 — yet, this value is substantially lower than typical ADT elasticities. The elasticity
of left travel width is greatest for complain of pain outcomes, with a value of 1.03, which
indicates this effect is elastic. This suggests that a 1% percent change in left traveled width will
result in a 1.03 percent increase in complaint of pain collisions on four-plus-lane rural roadways.
The right travel lanes variable is near elastic with respect to PDO collisions with a value of 0.89.

Tables 31-35 show type 2 SPFs for multilane undivided rural roadway segments.

Table 31. Rural Multilane Undivided SPF 2 -PDO Collision Counts.

Variable Mean Standard T-
Error statistic

Constant -4.63 1.12 -4.12

Logarithm of ADT 0.77 0.17 4.39

DES_SP -0.03 0.01 -2.07

Scale parameter for 1.22 0.31 3.95

overdispersion

Log-likelihood at -329.793

convergence

Number of observations 690

Table 31 above shows the type 2 SPF for PDO collisions on multilane undivided rural roadway
segments. While ADT has an elasticity of 0.77, the elasticity of design speed is -1.64 indicating
an elastic effect of design speed on PDO collisions. This indicates as found in some earlier
cases, that speed management is crucial for safety on rural multilane undivided roadways. More
insight on severe outcomes is discussed in the following pages.
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Table 32. Rural Multilane Undivided SPF 2 -Complaint of Pain Collision Counts.

Variable Mean Standard T-
Error statistic

Constant -0.68 2.14 -0.32

Logarithm of ADT 0.19 0.26 0.74

DES_SP -0.04 0.02 -2.08

YEARO06 -0.83 0.53 -1.55

Scale parameter for 0.19 0.51 0.38

overdispersion

Log-likelihood at -154.254

convergence

Number of observations 690

Table 33. Rural Multilane Undivided SPF 2 -Visible Injury Collision Counts.

Variable Mean Standard T-
Error statistic

Constant -16.14 4.01 -4.02

Logarithm of ADT 1.86 0.51 3.64

RT32 2.37 0.68 3.48

Scale parameter for 2.03 1.22 1.87

overdispersion

Log-likelihood at -140.789

convergence

Number of observations 690

Table 34. Rural Multilane Undivided SPF 2 -Severe Injury Collision Counts.

Variable Mean Standard T-
Error statistic

Constant -6.18 4.68 -1.32

Logarithm of ADT 0.40 0.61 0.65

RT89 1.05 0.06 1.99

Scale parameter for N/A N/A N/A

overdispersion

Log-likelihood at -54.896

convergence

Number of observations 690

As the above tables show, design speed is the one geometric effect that is statistically
significant, with an elasticity of -2.18. This is a substantial effect on complaint of pain
outcomes, a pattern that appears to be repeated in several rural roadway segment categories.
It is clear from the analysis of rural segments that complain of pain categories seem to be
influenced by speed related effects significantly.
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Table 35. Rural Multilane Undivided SPF 2 -Fatal Collision Counts.

Variable Mean Standard T-
Error statistic

Constant -21.18 13.95 -1.52

Logarithm of ADT 1.98 1.76 1.12

RT36 1.60 1.42 1.13

YEARO09 1.62 1.42 1.14

Scale parameter for N/A N/A N/A

overdispersion

Log-likelihood at -12.107

convergence

Number of observations 690

It is also observed that ADT is very elastic in its effect on fatal collisions and visible collisions.
This might be suggestive of substantive interactions between truck traffic and other vehicles;
suggestive of interactions resulting to head on collision types since the roadway segments are
undivided.

Tables 36-40 show the results of type 2 SPFs for two-lane urban roadway segments.

Table 36. Urban Two-lane SPF 2 -PDO Collision Counts.

Variable Mean Standard T-statistic
Errors
Constant -5.61 0.20 -27.66
Logarithm of ADT 0.10 0.02 50.47
DES SP -0.03 0.001 -28.56
MEPAVE -0.56 0.10 -5.48
RT111 -0.56 0.12 -4.65
RT138 0.51 0.09 5.77
RT184 1.23 0.13 9.23
RT129 0.84 0.11 7.82
STA 0.71 0.06 12.45
SLO -0.46 0.06 -7.08
UNDIVIDE -0.45 0.04 -10.06
YEARO7 -0.12 0.03 -3.60
YEAROS -0.23 0.04 -6.30
YEARO09 -0.30 0.04 -8.41
YEARI10 -0.33 0.04 -8.39
Scale parameter for 2.14 0.044 48.74
overdispersion
Log-likelihood at -25,177.736
convergence
Number of observations 33,564

Table 36 above shows results for two-lane urban SPFs for PDO collisions. As noticed in the
table, the significant geometric effect is design speed, in addition to paved median which is a
dummy effect. The elasticity of the design speed variable is -1.59 which indicates an elastic
effect. Spatial effects due to route and county dummies are also significant. In addition, the
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undivided dummy shows a negative effect indicating that PDO collisions are expected to be
lower than divided segments. All significant year dummies show a negative sign indicating that
PDO crash frequencies are expected to be lower than years 2005 and 2006.

Table 37. Urban Two-lane SPF 2 - Complaint of Pain Collision Counts.

Variable Mean Standard T-statistic
Errors
Constant -5.93 0.29 -20.23
Logarithm of ADT 0.93 0.03 31.62
DES SP -0.03 0.002 -16.98
MEPAVE -0.58 0.14 -4.05
RT76 0.39 0.11 3.65
RTI111 -0.68 0.20 -3.40
RT138 0.51 0.12 4.11
RT129 0.43 0.15 2.88
STA 0.80 0.08 10.44
SLO -1.15 0.16 -7.31
UNDIVIDE -0.65 0.06 -10.04
RT OS WI -0.01 0.006 -2.26
YEARO06 -0.17 0.06 -2.82
YEARO7 -0.19 0.06 -3.25
YEARO8 -0.27 0.06 -4.35
YEARO09 -0.27 0.06 -4.40
YEARIO -0.37 0.06 -5.70
Scale parameter for 2.02 0.08 25.40
overdispersion
Log-likelihood at -13,004.452
convergence
Number of observations 33,564

Table 38. Urban Two-lane SPF 2 -Visible Injury Collision Counts.

Variable Mean Standard T-statistic
Errors
Constant -3.19 0.28 -11.41
Logarithm of ADT 0.54 0.03 20.14
DES SP -0.02 0.002 -11.07
RT76 0.72 0.09 7.67
RT184 0.91 0.24 3.78
SLO -0.90 0.16 -5.56
UNDIVIDE -0.58 0.07 -8.36
RT OS WI -0.04 0.006 -7.43
YEARO8 -0.20 0.05 -3.63
YEARO09 -0.33 0.06 -5.78
YEARI10 -0.27 0.06 -4.80
Scale parameter for 1.02 0.06 16.17
overdispersion
Log-likelihood at -10,097.473
convergence
Number of observations 33,564
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Table 39. Urban Two-lane SPF 2 -Severe Injury Collision Counts.

Variable Mean Standard T-statistic
Errors

Constant -4.61 0.522 -8.87

Logarithm of ADT 0.55 0.05 10.60

DES SP -0.03 0.004 -6.94

RT76 1.11 0.14 7.80

RT129 0.66 0.24 2.79

STA 0.44 0.19 2.35

UNDIVIDE -0.53 0.12 -4.45

RT OS WI -0.04 0.01 -3.51

YEARO09 -0.17 0.09 -1.82

Scale parameter for 1.61 0.21 7.68

overdispersion

Log-likelihood at -4,180.217

convergence

Number of observations 33,564

Table 40. Urban Two-lane SPF 2 -Fatal Injury Collision Counts.

Variable Mean Standard T-statistic
Errors

Constant -6.87 0.66 -10.33

Logarithm of ADT 0.48 0.07 6.52

RT76 1.40 0.19 7.36

RT138 0.81 0.23 3.50

YEARO8 -0.37 0.14 -2.64

YEARO09 -0.27 0.14 -1.91

YEARIO -0.46 0.15 -3.06

Scale parameter for 1.09 0.35 3.08

overdispersion

Log-likelihood at -2,074.524

convergence

Number of observations 33,564

As seen in tables 37-40, with increasing severity of outcome, the variable outside right shoulder
width appears to have a statistically significant role with a negative sign. Yet, this effect is not
elastic, with a maximum of -0.22, while design speed continues to be elastic, with a value of -
1.63 for severe injury collisions. In addition, the route dummies continue to have a statistically
significant role spatially, with time dummies adding a temporal component, especially for years
2008-2010. What is important also to note is the significance of the overdispersion parameter for
fatal injury collisions. The overdispersion parameter is 1.09, which indicates that the quadratic
component involving the mean is substantial indicating heterogeneity due to unobserved effects
in the urban environment. ADT has an elasticity of 0.93 for complaint of pain collisions as the
maximum. This near elastic effect is suggestive of complaint of pain effects being an outcome
from congestion related collisions such as rear ends or sideswipes.
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Tables 41-45 shows the results for urban four-lane roadway segments.

Table 41. Urban Four-lane SPF 2 -PDO Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -7.77 0.13 -60.16
Logarithm of ADT 1.10 0.01 96.90
DES_SP -0.02 0.0009 -20.00
RT15 -0.59 0.10 -5.69
RT210 -1.11 0.09 -11.90
RT2 -1.74 0.08 -21.26
RT135 1.88 0.10 18.27
RT13 1.02 0.08 12.30
RT99 -0.21 0.03 -7.47
RT101 -0.28 0.02 -11.10
LA 0.40 0.03 12.43
SON 0.33 0.03 9.78
ALA -0.45 0.04 -11.62
YUB -0.87 0.08 -10.70
MEBEAM 0.62 0.07 9.23
MESTRUC -0.44 0.04 -10.94
MEDIT -1.17 0.38 -3.09
MESGR -0.68 0.06 -10.74
MEPAVE -0.37 0.03 -14.46
MEST -0.26 0.03 -8.37
MED_WI -0.004 0.0004 -9.14
LTLANES 0.21 0.02 8.80
YEARO06 -0.12 0.02 -4.75
YEARO7 -0.17 0.02 -7.15
YEARO8 -0.28 0.02 -11.67
YEARO09 -0.31 0.02 -13.32
YEARI10 -0.30 0.02 -13.30
Scale parameter for
overdispersion 1.173 0.02 77.82
Log-likelihood at -58,921.683
convergence
Number of 43,104
observations

Table 41 shows that several geometric effects on the median side appear to be statistically
significant in their impact on PDO collisions on urban four-lane roadway segments. Paved
median, median guard rail beam presence, median structure presence, median ditch, as well
as median stripes as dummies are significant, while median width as a continuous variable is
also significant. This signifies the importance of median roadside treatment in four lane
urban contexts. The effects are to decrease the crash frequencies of PDOs, with median
width being -0.12 in elasticity. Design speed is significant and elastic with a value of -1.23.
In addition, route, county and year dummies are significant.
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Table 42. Urban Four-lane SPF 2 -Complaint of Pain Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -8.41 0.20 -43.08
Logarithm of ADT 1.14 0.02 65.77
DES_SP -0.03 0.001 -27.25
METWTL -0.12 0.06 -1.92
RT15 -0.56 0.11 -5.30
RT210 -0.91 0.11 -8.14
RT2 -1.20 0.12 -10.00
RT135 1.82 0.13 14.12
RT13 0.49 0.12 4.18
RT99 -0.30 0.04 -8.60
RT101 -0.57 0.03 -17.31
LA 0.37 0.04 8.56
SON 0.55 0.05 11.88
ALA -0.18 0.06 -3.15
YUB -0.53 0.11 -4.98
MECONCG -0.33 0.06 -5.18
MEBEAM 0.63 0.08 7.62
MESTRUC -0.47 0.06 -7.47
MESGR -0.58 0.08 -7.59
MENPAVE -0.43 0.05 -9.47
MEPAVE -0.44 0.04 -9.89
MEST -0.38 0.05 -7.31
MED_WI -0.005 0.0006 -9.39
LTLANES 0.26 0.03 7.82
YEARO06 -0.10 0.03 -3.56
YEARO8 -0.17 0.03 -5.70
YEARO09 -0.19 0.03 -6.44
YEARIO -0.14 0.03 -4.76
Scale parameter for 1.19 0.02 48.54
overdispersion
Log-likelihood at -34,217.784
convergence
Number of observations 43,104

Similar to PDO collisions, median effects are significant in complaint of pain collisions as well,
with several median dummies being negatively signed. Median width is not elastic with a value
of -0.15, while left travel lanes is inelastic with a value of 0.47. Design speed is elastic with a
value of -1.83 indicating that speed management is an issue for urban four lane roadways as well.
The significance of route, county and yearly dummies continues to underscore the importance of
spatial and temporal effects in terms of their heterogeneity. The temporal effects seem to
indicate as previously seen in other type 2 SPFs that year 2005 frequencies are expected to be
higher than subsequent years, 2006-2010. What is also noticeable is the significant value of the
overdispersion parameter which indicates substantial residual heterogeneity even after
accounting for a variety of geometric, spatial and temporal effects in the model. The ADT
variable is elastic, which indicates congestion effects playing a substantial role.
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Table 43. Urban Four-lane SPF 2 -Visible Injury Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -7.84 0.20 -39.44
Logarithm of ADT 0.88 0.02 48.82
DES_SP -0.02 0.002 -10.53
RT2 -1.45 0.15 -9.69
RT99 -0.13 0.04 -3.66
RT101 -0.17 0.03 -5.32
LA 0.38 0.05 8.18
YUB -0.89 0.14 -6.16
MEBEAM 0.64 0.08 8.12
MESTRUC -0.19 0.07 -2.80
MESGR -0.21 0.08 -2.63
MENPAVE -0.16 0.04 -3.81
MEPAVE -0.18 0.04 -4.76
MED_WI -0.003 0.0006 -4.70
LTLANES 0.27 0.04 7.58
YEARO06 -0.07 0.03 -2.03
YEARO7 -0.25 0.04 -6.90
YEARO8 -0.33 0.04 -8.98
YEARO09 -0.36 0.04 -9.67
YEARIO -0.42 0.04 -11.52
Scale parameter for 0.58 0.02 28.06
overdispersion
Log-likelihood at -23,547.975
convergence
Number of observations 43,104

Table 44. Urban Four-lane SPF 2 -Severe Injury Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -7.65 0.36 -21.28
Logarithm of ADT 0.72 0.03 20.61
DES_SP -0.02 0.003 -7.05
SCR 0.54 0.11 4.94
HUM 0.52 0.16 3.17
YEARO5 0.11 0.06 1.96
YEARO09 -0.17 0.06 -2.78
YEARI0 -0.16 0.06 -2.66
Scale parameter for 0.55 0.07 7.71
overdispersion
Log-likelihood at -8,401.243
convergence
Number of observations 43,104
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Table 45. Urban Four-lane SPF 2 -Fatal Injury Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -7.51 0.47 -16.13
Logarithm of ADT 0.54 0.04 12.07
MENPAVE -0.14 0.07 -1.90
MEPAVE -0.27 0.10 -2.70
YEARO8 -0.32 0.09 -3.60
YEARO09 -0.38 0.09 -4.30
YEARIO -0.46 0.09 -4.89
Scale parameter for 0.63 0.14 4.64
overdispersion
Log-likelihood at -4,522.402
convergence
Number of observations 43,104

As seen in tables 43-45, median effects continue to affect fatal injury collision propensities with
paved and non-paved medians having a negative effect, while median width is inelastic with
respect to visible injury collisions.

Tables 46-50 show results for type 2 SPFs for urban 5-6-7 lane roadway segments.

Table 46. Urban Five-Six-Seven-lane SPF 2 -PDO Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -8.04 0.11 -72.39
Logarithm of ADT 1.02 0.01 102.04
METWTL -0.53 0.08 -6.27
RT261 -1.50 0.19 -7.73
RT15 -0.22 0.03 -7.19
RT92 0.53 0.07 7.80
RT29 0.98 0.09 10.86
LA 0.17 0.02 8.64
MESTRUC -0.10 0.02 -4.45
FRE 0.35 0.04 8.48
MED_WI -0.007 0.0003 -27.59
YEARO7 -0.07 0.02 -3.74
YEARO8 -0.22 0.02 -10.69
YEARO09 -0.28 0.02 -13.63
YEARIO -0.26 0.02 -12.31
Scale parameter for 0.82 0.01 69.24
overdispersion
Log-likelihood at -49,388.383
convergence
Number of observations 25,590
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Table 47. Urban Five-Six-Seven-lane SPF 2 -Complaint of Pain Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -7.86 0.29 -20.23
Logarithm of ADT 1.10 0.02 70.94
DES_SP -0.03 0.001 -24.26
METWTL 0.48 0.09 5.55
RT261 -1.37 0.32 -4.32
RT15 -0.21 0.04 -5.41
RT29 1.28 0.10 12.52
SOL -0.35 0.08 -4.58
SF -0.15 0.07 -2.30
MECONCG -0.12 0.05 -2.64
MEST -0.47 0.13 -3.56
MED_WI -0.01 0.0004 -20.07
YEARO06 -0.06 0.03 -2.24
YEARO7 -0.07 0.03 -2.52
YEARO8 -0.21 0.03 -6.70
YEARO09 -0.22 0.03 -7.41
YEARIO -0.20 0.03 -6.76
Scale parameter for 0.69 0.02 45.34
overdispersion
Log-likelihood at -30,557.415
convergence
Number of observations 25,590

Table 48. Urban Five-Six-Seven-lane SPF 2 -Visible Injury Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -7.62 0.22 -35.39
Logarithm of ADT 0.92 0.02 45.71
DES_SP -0.02 0.002 -9.41
FRE 0.26 0.06 4.72
LA 0.21 0.03 7.30
SOL -0.25 0.09 -2.81
MENPAVE -0.07 0.03 -2.16
MEPAVE -0.14 0.04 -3.80
MEST -0.49 0.14 -3.49
MED_WI -0.01 0.001 -9.53
YEARO06 -0.08 0.03 -2.31
YEARO7 -0.18 0.03 -5.51
YEARO8 -0.25 0.03 -7.29
YEARO09 -0.34 0.03 -9.75
YEARIO -0.33 0.03 -9.69
Scale parameter for 0.38 0.02 25.12
overdispersion
Log-likelihood at -20,783.558
convergence
Number of observations 25,590
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Table 49. Urban Five-Six-Seven-lane SPF 2 -Severe Injury Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -7.76 0.46 -16.92
Logarithm of ADT 0.72 0.04 18.55
DES_SP -0.01 0.004 -2.37
RT OS WI -0.03 0.01 -4.76
FRE 0.44 0.09 5.08
YEARO8 -0.14 0.06 -2.57
YEARO09 -0.18 0.06 -3.18
YEARIO -0.19 0.06 -3.33
Scale parameter for 0.34 0.05 6.42
overdispersion
Log-likelihood at -7,325.192
convergence
Number of observations 25,590

Table 50. Urban Five-Six-Seven-lane SPF 2 -Fatal Injury Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -7.83 0.69 -11.43
Logarithm of ADT 0.55 0.06 9.35
RT99 0.18 0.01 2.09
RT4 0.47 0.23 2.09
YEARO8 -0.17 0.08 -2.07
YEARO09 -0.19 0.08 -2.24
YEARI10 -0.37 0.09 -4.05
Scale parameter for N/A N/A N/A
overdispersion
Log-likelihood at -3,733.609
convergence
Number of observations 25,590

As tables 46-50 show, the median effects are the significant geometric effects in addition to
design speed. Median effects are generally dummy in nature, including variables such as median
turnouts, median striping, paved medians, medians with concrete barriers and glare screens as
well as median width. However, median width is not elastic. Right outside shoulder width is
significant for severe injury collisions, although it is not elastic. Design speed is the one
geometric effect that is elastic, with respect to complaint of pain and visible injury collisions.
The elasticity is as high as -2.02. Spatial dummies are not as pronounced in the urban 5-6-7 lane
models as noticed in other type 2 SPFs indicating a greater level of design consistency and
diminished spatial heterogeneity due to route or county effects. ADT is elastic for PDO and
complaint of pain collision types. This emphasizes congestion effects and the need for active
traffic management strategies to mitigate lower severity outcomes. Higher severity outcomes
appear to be influenced primarily by median effects or time dummies. Tables 51-55 show the
results of type 2 SPFs for urban eight-plus lane roadway segments.
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Table 51. Urban Eight-Plus-Lane SPF 2 -PDO Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -11.72 0.26 -45.55
Logarithm of ADT 1.25 0.01 114.55
DES_SP 0.01 0.003 2.44
RT210 -0.53 0.04 -14.43
RT105 -0.21 0.04 -4.64
RTI10 0.23 0.02 11.87
RT24 -0.21 0.03 -6.58
RT29 1.94 0.16 12.25
RT101 -0.10 0.02 -5.96
VEN 0.23 0.10 2.38
LA 0.25 0.01 21.93
SF 0.83 0.04 20.43
SCL 0.25 0.02 12.08
ALA 0.54 0.02 31.53
SAC 0.36 0.03 13.77
MESTRUC -0.23 0.02 -11.23
MED_WI -0.003 0.0002 -18.02
YEARO06 -0.01 0.02 -3.58
YEARO7 -0.10 0.02 -6.53
YEARO8 -0.22 0.02 -13.71
YEARO09 -0.26 0.02 -16.15
YEARIO -0.24 0.02 -15.05
Scale parameter for 0.64 0.01 96.58
overdispersion
Log-likelihood at -91,032.522
convergence
Number of observations 34,170

As table 51 shows, the significant geometric effects are design speed, median effects such as
median structure and median width. The rest of the statistically significant effects are time
dummies, spatial dummies related to routes and counties. ADT is elastic, while median width is
not. Design speed is also inelastic with respect to PDO collisions on eight-plus-lane urban
roadways. The inelasticity of geometric effects may indicate the majority of significant impact
arises from flow related effects, which is confirmed by the elastic ADT variable.

e ————————
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Table 52. Urban Eight-Plus-lane SPF 2 -Complaint of Pain Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -12.04 0.19 -63.61
Logarithm of ADT 1.23 0.02 78.81
RT210 -0.40 0.04 -10.43
RT24 -0.34 0.06 -6.00
RT29 2.14 0.21 10.27
LA 0.07 0.01 5.26
SF 0.61 0.06 9.59
ALA 0.29 0.02 12.87
SAC 0.43 0.03 14.78
MESTRUC -0.14 0.03 -4.55
MED_WI -0.004 0.0003 -13.51
YEARO06 -0.07 0.02 -3.66
YEARO7 -0.09 0.02 -4.43
YEARO8 -0.18 0.02 -9.52
YEARO09 -0.19 0.02 -9.76
YEARIO -0.14 0.02 -7.40
Scale parameter for 0.49 0.01 62.42
overdispersion
Log-likelihood at -58,741.044
convergence
Number of observations 34,170

Table 53. Urban Eight-Plus-lane SPF 2 -Visible Injury Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -9.46 0.23 -41.22
Logarithm of ADT 0.97 0.02 49.84
RT24 -0.28 0.06 -4.26
RT29 1.19 0.31 3.88
RT TR WI -0.004 0.001 -5.87
SJ 0.30 0.09 3.43
MRN -0.45 0.07 -6.78
MED_WI -0.003 0.0003 -10.84
SM -0.38 0.04 -10.76
RT1 0.40 0.15 -2.62
RT680 -0.41 0.05 -8.05
RT22 0.59 0.15 4.08
YEARO06 -0.09 0.02 -4.10
YEARO7 -0.18 0.02 -8.50
YEARO8 -0.26 0.02 -11.51
YEARO09 -0.32 0.02 -14.09
YEARIO -0.29 0.02 -13.20
Scale parameter for 0.29 0.01 33.42
overdispersion
Log-likelihood at -39,925.551
convergence
Number of observations 34,170
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Table 54. Urban Eight-Plus-lane SPF 2 -Severe Injury Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -9.24 0.51 -16.92
Logarithm of ADT 0.77 0.04 18.55
LA -0.11 0.03 -3.62
SM -0.54 0.08 -6.75
MED_WI -0.003 0.001 -4.98
RT805 0.15 0.08 1.92
RT180 0.79 0.36 2.18
LT OS WI 0.02 0.008 2.50
RT OS WI -0.02 0.01 -2.31
YEARO5 0.07 0.04 1.92
YEARO09 -0.08 0.04 -2.14
YEARI10 -0.18 0.04 -4.63
Scale parameter for 0.22 0.03 7.06
overdispersion
Log-likelihood at -14,172.825
convergence
Number of observations 34,170

Table 55. Urban Eight-Plus-lane SPF 2 -Fatal Injury Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -7.84 0.74 -10.58
Logarithm of ADT 0.55 0.06 8.97
RT710 0.64 0.16 3.93
RT4 RT10 0.35 0.07 5.08
SF 0.84 0.20 4.28
YEARO06 0.17 0.06 3.04
YEARO09 -0.23 0.07 -3.43
YEARO09 -0.37 0.07 -5.31
Scale parameter for
overdispersion 0.13 0.07 1.97
Log-likelihood at -6,879.667
convergence
Number of observations 34,170

As tables 52-55 show, the variable design speed is absent in severe injury collision models, while
outside shoulder widths are. They are however not elastic. Median effects such as median width
are also inelastic, while, ADT is elastic for complaint of pain collisions and near elastic for
visible injury collisions. Time dummies, route dummies and county dummies continue to play a
significant role across the severity spectrum. The positive sign of the year 2005 dummy
reinforces what has been noticed in other type 2 SPFs — that year 2005 is universally a more
crash prone year across the severity spectrum for all SPF classes.

Tables 56-60 show results for urban multilane undivided roadway segments.
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Table 56. Urban Multi-Lane Undivided SPF 2 -PDO Collision Counts.

Variable Mean Standard T-
Error statistic

Constant -3.45 0.54 -6.38

Logarithm of ADT 0.65 0.05 13.96

RTLANES 0.77 0.09 8.70

DES_SP -0.03 0.003 -11.45

RTRCL -1.40 0.14 -9.96

TUL 1.35 0.20 6.68

RT138 -0.68 0.30 -2.25

YEARO8 -0.24 0.09 -2.75

YEARI10 -0.41 0.09 -4.51

Scale parameter for

overdispersion 3.01 0.14 21.79

Log-likelihood at 4,612.316

convergence

Number of 5,064

observations

Table 57. Urban Multi-Lane Undivided SPF 2 -Complaint of Pain Collision

Counts.

Variable Mean Standard T-
Error statistic

Constant -8.95 0.88 -10.16
Logarithm of ADT 0.98 0.09 11.04
RTLANES 0.97 0.15 6.39
DES_SP -0.02 0.004 -5.12
RTRCL -1.37 0.18 -7.64
TUL 1.24 0.30 4.10
STA 1.24 0.39 3.21
RT108 -1.30 0.50 -2.58
YEARI10 -0.44 0.14 -3.11
Scale parameter for
overdispersion 3.27 0.27 12.26
Log-likelihood at -2,382.162
convergence
Number of 5,064
observations

As tables 56-60 show, the geometric effects that are statistically significant include right travel
lanes, truck climbing lane dummy, and design speed. The right travel lanes variable is elastic
with an elasticity of 1.90, while the design speed variable is also elastic with a value of -1.57 for

PDO collisions. ADT is near elastic for complaint of pain collisions with a value of 0.98.

Spatial dummies include both route and county effects which are however not as rich as some of
the earlier type 2 SPFs. Time dummies include later year effects such as year 2008 and year
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2010. The overdispersion parameter magnitude is significant indicating substantial residual
heterogeneity due to unobserved effects.

Table 58. Urban Multi-Lane Undivided SPF 2 -Visible Injury Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -4.89 0.87 -5.65
Logarithm of ADT 0.56 0.09 6.19
RTRCL -0.77 0.20 -3.84
SBT 1.35 0.44 3.03
YEARO8 -0.39 0.17 -2.30
YEARO09 -0.33 0.17 -1.97
YEARIO -0.43 0.17 -2.53
Scale parameter for
overdispersion 3.03 0.39 7.83
Log-likelihood at -1,626.679
convergence
Number of observations 5,064

Table 59. Urban Multi-Lane Undivided SPF 2 -Severe Injury Collision Counts.

Variable Mean Standard T-
Error statistic

Constant -4.40 1.40 -3.15

Logarithm of ADT 0.48 0.14 3.51

DES_SP -0.03 0.009 -3.12

TUL 1.33 0.55 2.42

YEARI10 -0.67 0.31 -2.13

Scale parameter for 1.39 0.88 1.89

overdispersion

Log-likelihood at

convergence -593.393

Number of observations 5,064

Table 60. Urban Multi-Lane Undivided SPF 2 -Fatal Injury Collision Counts.

Variable Mean Standard T-
Error statistic

Constant -8.14 1.78 -4.56

Logarithm of ADT 0.59 0.19 3.14

RIV 0.76 0.29 2.65

RT62 1.47 0.45 3.30

YEARO06 -0.89 0.47 -1.91

NEV 1.07 0.50 2.16

Scale parameter for N/A N/A N/A

overdispersion

Log-likelihood at

convergence -300.531

Number of observations 5,064

Tables 61-65 show the type 2 SPFs for urban multilane divided roadway segments.
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Table 61. Urban Multi-Lane Divided SPF 2 -PDO Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -4.41 0.26 -17.17
Logarithm of ADT 0.84 0.03 31.49
RT TR WI 0.01 0.003 4.39
DES_SP -0.02 0.002 -14.45
METWTL -0.43 0.04 -10.33
MEPAVE -0.47 0.04 -11.18
MENPAVE -0.56 0.04 -2.25
MESTRUC -1.09 0.14 -7.54
SCL -0.65 0.06 -10.04
SBD 0.61 0.06 11.06
MER -0.60 0.09 -6.59
IMP -0.92 0.07 -13.44
RTI18 -0.46 0.09 -5.22
YEARO06 -0.14 0.05 -2.95
YEARO7 -0.21 0.05 -4.70
YEARO8 -0.39 0.05 -7.79
YEARO09 -0.44 0.05 -8.88
YEARIO -0.52 0.05 -11.16
Overdispersion 2.55 0.05 48.00
Log-likelihood at -19,626.609
convergence
Number of observations 19,434

Table 62. Urban Multi-Lane Undivided SPF 2 -Complaint of Pain Counts.

Variable Mean Standard T-
Error statistic
Constant -8.68 0.44 -19.62
Logarithm of ADT 1.09 0.04 25.44
LT IS WI 0.04 0.01 3.39
LTLANES 0.39 0.05 8.40
RT IS WI -0.07 0.01 -5.31
DES_SP -0.03 0.002 -13.57
METWTL -0.37 0.06 -6.61
MENPAVE -0.53 0.06 -9.15
MENOBARR 0.48 0.09 5.28
SCL -0.85 0.08 -10.44
VEN 1.02 0.19 5.23
RIV 0.21 0.08 2.75
MER -1.18 0.12 -9.84
IMP -1.02 0.10 -10.17
RT33 -1.09 0.26 -4.10
RTI18 -0.45 0.15 -3.09
RT74 0.54 0.11 4.84
YEARO8 -0.145 0.05 -2.89
YEARO09 -0.11 0.05 -2.13
YEARIO -0.13 0.05 -2.38
Overdispersion 2.15 0.07 29.62
Log-likelihood at
convergence -12,203.616
Number of observations 19,434
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Table 63. Urban Multi-Lane Undivided SPF 2 -Visible Injury Collision Counts.

Variable Mean Standard T-
Error statistic
Constant -6.61 0.46 -14.35
Logarithm of ADT 0.80 0.05 16.59
LTLANES 0.40 0.06 6.75
RT IS WI -0.05 0.01 -4.58
DES_SP -0.03 0.003 -8.75
METWTL -0.20 0.07 -2.98
SCL -0.48 0.09 -5.13
RIV 0.39 0.09 4.56
SBD 0.57 0.09 5.99
IMP -0.69 0.12 -5.57
RTI18 -0.59 0.19 -3.14
YEARO06 -0.21 0.08 -2.74
YEARO7 -0.43 0.08 -5.36
YEARO8 -0.41 0.08 -4.87
YEARO09 -0.49 0.08 -5.87
YEARIO -0.53 0.08 -6.27
Scale parameter for
overdispersion 1.71 0.11 15.20
Log-likelihood at -7,060.811
convergence
Number of observations 19,434

Table 64. Urban Multi-Lane Undivided SPF 2 -Severe Injury Collision Counts.

Variable Mean Standard T-
Error statistic

Constant -7.54 0.79 -9.51

Logarithm of ADT 0.67 0.09 7.81

LTLANES 0.33 0.10 3.19

DES_SP -0.02 0.005 -4.39

SCL -0.42 0.18 -2.38

Scale parameter for 1.52 0.30 5.01

overdispersion

Log-likelihood at -2,187.033

convergence

Number of observations 19,434

As tables 61-65 show, the geometric effects that are statistically significant include left travel
lanes, design speed, inside shoulder width, median type dummies and right travel width. Design
speed is elastic, with a maximum of -1.62 for visible injury collisions, while left travel lanes is
near elastic for visible injury collisions, with an elasticity of 0.84. Right outside shoulder width

is significant in fatal injury collisions with a negative sign, but not elastic. ADT is elastic for

complaint of pain collisions.
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Table 65. Urban Multi-Lane Undivided SPF 2 -Fatal Injury Collision Counts.

Variable Mean Standard T-
Error statistic

Constant -6.42 0.88 -7.31

Logarithm of ADT 0.48 0.08 5.70

RT OS WI -0.05 0.02 -2.73

YEARO5 0.40 0.14 2.78

YEARI10 -0.57 0.21 -2.66

Scale parameter for N/A N/A N/A

overdispersion

Log-likelihood at -1,228.294

convergence

Number of observations 19,434

Intersection SPFs
Table 66 shows the type 1 SPFs for intersections, for all severity types and total crashes.

Table 66. Type 1 SPFs for Intersections for Total Crashes, Property Damage Only,
Complaint of Pain, Visible Injury, Severe Injury and Fatal Collisions.*

Injury Type a By B 0
Total Crashes -8.61 0.84 0.10 1.34
PDO -8.91 0.85 0.058 1.63
Complaint of Pain -11.70 0.97 0.16 1.55
Visible -9.24 0.64 0.15 1.20
Severe -8.20 0.43 0.09 1.49
Fatal -8.38 0.44 -0.03 2.69

*All coefficients significant at 95% or better with the exception of cross street volume for
severe and fatal injury

a is coefficient for constant (intercept)
B, and B, are coef ficients for In(ADT) for mainline and cross street

0 is overdispersion parameter

Tables 67-72 show the type 2 SPFs for total crashes, property damage only, complaint of pain,
visible injury, severe injury and fatal collisions for intersection locations on the state network.
As can be seen from the tables, the geometric effects are rich, with traffic control effects also
being statistically significant in the estimation of mainline crashes at intersections. The
significance of these findings is that intersection geometry contributes to several heterogeneous
effects, considering that cross street geometry in our study is fairly limited in measurement. The
significance of mainline geometry more so than what was found in roadway segment analysis
emphasizes this point.
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Table 67. Type 2 SPFs for Total Intersection Crashes.

Fitting constant-only model:

Iteration O: log likelihood = -159073.36
Iteration 1: log likelihood = -153455.56
Iteration 2: log likelihood = -152632.44
Iteration 3: log likelihood = -152632.41
Iteration 4: log likelihood = -152632.41

Fitting full model:

Iteration O log likelihood = -140397.04
Iteration 1: log likelihood = -132403.26
Iteration 2: log likelihood = -131121.34
Iteration 3 log likelihood = -131074.76
Iteration 4 log likelihood = -131074.72
Iteration 5 log likelihood = -131074.72
Negative binomial regression Number of obs = 103169
LR chi2 (49) = 43115.37
Dispersion = mean Prob > chi2 = 0.0000
Log likelihood = -131074.72 Pseudo R2 = 0.1412
totalcrashes Coef. Std. Err. z P>|z| [95% Conf. Interval]
lnadt .6133459 .0064782 94.68 0.000 .6006487 .626043
lncrossv -.1410736 .0140817 -10.02 0.000 -.1686732 -.1134741
minltlanes .1449676 .0255409 5.68 0.000 .0949083 .1950269
maxlt os wi .0063704 .001255 5.08 0.000 .0039106 .0088302
minlt tr wi -.0100624 .0019383 -5.19 0.000 -.0138614 -.0062633
minlt is wi .0149978 .0031689 4.73 0.000 .0087869 .0212087
minrtlanes -.0982446 .0271308 -3.62 0.000 -.15142 -.0450693
minrt is wi -.0239234 .0033113 -7.22 0.000 -.0304133 -.0174334
minrt tr wi .0070746 .0021124 3.35 0.001 .0029344 .0112147
minrt os wi -.0167029 .0022861 -7.31 0.000 -.0211835 -.0122222
maxrt os_ wi .0224313 .0023766 9.44 0.000 .0177732 .0270894
mindes_sp .0021743 .0005332 4.08 0.000 .0011292 .0032194
divide -.1024913 .017483 -5.86 0.000 -.1367574 -.0682253
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Table 67 (Continued). Type 2 SPFs for Total Intersection Crashes.

lltr .0743771 .0280154 2.65 0.008 .019468 .1292863

lauxl .1796179 .0356457 5.04 0.000 .1097537 .2494821

rtrcl -.1764438 .0512193 -3.44 0.001 -.2768318 -.0760559

rauxl -.0952557 .0378629 -2.52 0.012 -.1694657 -.0210457
rmedhov -.1126428 .0219937 -5.12 0.000 -.1557496 -.069536
mepave .1236426 .0169987 7.27 0.000 .0903258 .1569595
menpave -.0307839 .016837 -1.83 0.067 -.0637839 .0022161
mestruc .0532624 .0195647 2.72 0.006 .0149162 .0916085
mecabl .2781644 .0443702 6.27 0.000 .1912004 .3651285
megraill .1858224 .0433621 4.29 0.000 .1008342 .2708106
meconcb -.3140365 .0350575 -8.96 0.000 -.382748 -.245325

tint -.393841 .0105309 -37.40 0.000 -.4144812 -.3732007

yint -.2396012 .0238982 -10.03 0.000 -.2864408 -.1927616

fiveleg -.1935039 .0459206 -4.21 0.000 -.2835066 -.1035013
offsetin -.1596155 .0243562 -6.55 0.000 -.2073528 -.1118782
nocontrol -.7572276 .02974 -25.46 0.000 -.815517 -.6989382
stopcross -.3026414 .0208442 -14.52 0.000 -.3434952 -.2617875
fourstop .1614093 .0606475 2.66 0.008 .0425424 .2802762
fourflxr .4455516 .0806193 5.53 0.000 .2875406 .6035625
twophasepre .3142496 .0353213 8.90 0.000 .2450212 .383478
multphasepre .1881784 .0738758 2.55 0.011 .0433845 .3329723
multphasesemi .1673245 .0586155 2.85 0.004 .0524402 .2822088
twophasefull .5762345 .0357863 16.10 0.000 .5060947 .6463744
multphasefull .3407056 .0260966 13.06 0.000 .2895572 .3918539
lightyes .1039192 .0119127 8.72 0.000 .0805708 .1272677
mainltcurb .2186175 .0170353 12.83 0.000 .1852288 .2520061
mainltpaint .1661019 .0115275 14.41 0.000 .1435084 .1886954
mainrtpaint .1725248 .0385924 4.47 0.000 .0968851 .2481644
intmastyes .1711527 .0198221 8.63 0.000 .1323021 .2100033
intltno -.1437601 .0179971 -7.99 0.000 -.1790337 -.1084865
intrtcurb -.3614039 .1682024 -2.15 0.032 -.6910746 -.0317333
intrtno -.1426633 .0164 -8.70 0.000 -.1748067 -.11052
intrtpaint -.3177159 .0421229 -7.54 0.000 -.4002754 -.2351564
int2wyeslt .2800226 .0241456 11.60 0.000 .2326981 .3273472
int2wpeaklt .9137443 .1223196 7.47 0.000 .6740022 1.153486
intlway .2755741 .0350238 7.87 0.000 .2069287 .3442196
_cons -4.598094 .1196858 -38.42 0.000 -4.832674 -4.363515
/lnalpha -.185688 .0113005 -.2078366 -.1635394
alpha .8305327 .0093854 .8123398 .8491331
Likelihood-ratio test of alpha=0: chibar2(01l) = 3.6e+04 Prob>=chibar2 = 0.000

As can be noticed in table 67, 48 statistically significant parameters were found to be associated
with total intersection crashes on the mainline. These vary from minimum and maximum values
for geometric variables such as number of lanes, to traveled width, shoulder width and design
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speed, to dummy effects involving divided highways, traffic signal phasing, mainline left turn
treatments, intersection right turn treatments, type of unsignalized control as well as intersection
mast arm treatments. It is evident from this substantive set of variables that type 2 SPFs at
intersections show a high degree of complexity with respect to the multifaceted interactions that
are being captured by the variables shown in table 67. What is important to note is the elasticties
of the design speed and ADT variables substantially diminish with both being inelastic, while the
dispersion parameter magnitude is less than unity. This shows that a rich type 2 SPF can capture
heterogeneity much more effectively than a type 1 SPF, which has an overdispersion parameter
of 1.34 in comparison. Tables 68-72 further underscore the significant change in the
overdispersion parameters for PDO, complaint of pain, visible, severe and fatal collision types,
compared to what the overdispersion parameters were in type 1 SPFs as shown previously in
table 66.

Table 68. Type 2 SPFs for PDO Intersection Crashes.

Fitting constant-only model:

Iteration 0: log likelihood = -122361.55
Iteration 1: log likelihood = -120733.31
Iteration 2: log likelihood = -116848.93
Iteration 3: log likelihood = -116848.8
Iteration 4: log likelihood = -116848.8
Fitting full model:
Iteration 0: log likelihood = -107437.33
Iteration 1: log likelihood = -101508.87
Iteration 2: log likelihood = -100809.75
Iteration 3: log likelihood = -100796.27
Iteration 4: log likelihood = -100796.26
Negative binomial regression Number of obs = 103169
LR chi2 (46) = 32105.07
Dispersion = mean Prob > chi2 = 0.0000
Log likelihood = -100796.26 Pseudo R2 = 0.1374
pdo Coef. Std. Err. 4 P>|z| [95% Conf. Intervall]
Inadt .6141739 .0079429 77.32 0.000 .5986061 .6297418
lncrossv -.1923174 .0168308 -11.43 0.000 -.2253053 -.1593296
minltlanes .1494973 .0304915 4.90 0.000 .0897351 .2092595
maxlt os wi .011944 .0015031 7.95 0.000 .008998 .0148901
minlt tr wi -.0093302 .0023073 -4.04 0.000 -.0138524 -.004808
minlt is wi .0142216 .0038375 3.71 0.000 .0067002 .021743
minrtlanes -.090343 .0325231 -2.78 0.005 -.1540872 -.0265988
minrt is wi -.0255522 .0040323 -6.34 0.000 -.0334553 -.017649
minrt tr wi .006776 .0025333 2.67 0.007 .0018109 .0117411
minrt os_wi -.0189988 .0026895 -7.06 0.000 -.0242702 -.0137274
maxrt os wi .0251797 .0027862 9.04 0.000 .0197189 .0306405
mindes_ sp .0020932 .0006309 3.32 0.001 .0008567 .0033296
divide -.186434 .0181802 -10.25 0.000 -.2220665 -.1508015
lltr .0853727 .0333489 2.56 0.010 .0200101 .1507354
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Table 69 (Continued). Type 2 SPFs for PDO Intersection Crashes.

lauxl .1554248 .0359707 4.32 0.000 .0849235 .2259261

rtrcl -.2176923 .0627255 -3.47 0.001 -.3406321 -.0947526
rmedhov -.137207 .0264858 -5.18 0.000 -.1891181 -.0852958
mepave .1839356 .0166152 11.07 0.000 .1513704 .2165008
mestruc .0621697 .0228052 2.73 0.006 .0174723 .106867
mecabl .2022338 .0532547 3.80 0.000 .0978564 .3066111
megraill .2123886 .0521967 4.07 0.000 .1100849 .3146922
meconcb -.3429574 .0425497 -8.06 0.000 -.4263532 -.2595615

tint -.3805384 .0127146 -29.93 0.000 -.4054585 -.3556182

yint -.2520886 .0295332 -8.54 0.000 -.3099727 -.1942045

fiveleg -.1740362 .0543055 -3.20 0.001 -.2804731 -.0675993
offsetin -.1711202 .0293872 -5.82 0.000 -.2287181 -.1135223
nocontrol -.7911439 .0365998 -21.62 0.000 -.8628782 -.7194096
stopcross -.2978276 .0248258 -12.00 0.000 -.3464854 -.2491699
fourstop .2346009 .0713551 3.29 0.001 .0947476 .3744543
fourflxr .4192227 .0952184 4.40 0.000 .232598 .6058475
twophasepre .2229943 .0416725 5.35 0.000 .1413177 .3046709
multphasepre .2857398 .0846399 3.38 0.001 .1198487 .451631
multphasesemi .189653 .0680261 2.79 0.005 .0563243 .3229816
twophasefull .5660321 .0415919 13.61 0.000 .4845135 .6475507
multphasefull .3427682 .0307497 11.15 0.000 .2824999 .4030364
lightyes .1636314 .0144546 11.32 0.000 .1353009 .1919619
mainltcurb .1962509 .0203274 9.65 0.000 .1564099 .2360918
mainltpaint .1615924 .013915 11.61 0.000 .1343195 .1888653
mainrtpaint .24089 .0444192 5.42 0.000 .1538299 .3279501
intmastyes .2101654 .0230193 9.13 0.000 .1650483 .2552825
intltno -.1228423 .0210326 -5.84 0.000 -.1640654 -.0816193
intrtno -.1125373 .0192135 -5.86 0.000 -.150195 -.0748796
intrtpaint -.3140838 .0487665 -6.44 0.000 -.4096643 -.2185033
int2wyeslt .2589066 .0289653 8.94 0.000 .2021356 .3156775
int2wpeaklt .8782562 .1446935 6.07 0.000 .5946622 1.16185
intlway .3164075 .0414933 7.63 0.000 .2350821 .3977329
_cons -4.834925 .143479 -33.70 0.000 -5.116139 -4.553712
/lnalpha .01517 .0134793 -.011249 .041589
alpha 1.015286 .0136854 .988814 1.042466
Likelihood-ratio test of alpha=0: chibar2(01l) = 2.2e+04 Prob>=chibar2 = 0.000

Compared to an overdispersion parameter of 1.63 in type 1 SPF, we now observe a much
reduced effect of magnitude 1.02, while the ADT effect is also reduced to 0.58 from 0.87.
Similar trends are noticed in complaint of pain type 2 SPFs shown in table 69.
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Table 69. Type 2 SPFs for Complaint of Pain Intersection Crashes.

Fitting constant-only model:

Iteration O: log likelihood = -75144.976
Iteration 1: log likelihood = -72438.695
Iteration 2: log likelihood = -72431.779
Iteration 3: log likelihood = -72431.777

Fitting full model:

Iteration O: log likelihood = -65626.293
Iteration 1: log likelihood = -62610.254
Iteration 2: log likelihood = -60951.962
Iteration 3: log likelihood = -60476.614
Iteration 4: log likelihood = -60050.097
Iteration 5: log likelihood = -59966.402
Iteration 6: log likelihood = -59965.733
Iteration 7: log likelihood = -59965.733
Negative binomial regression Number of obs = 103169
LR chi2 (38) = 24932.09
Dispersion = mean Prob > chi?2 = 0.0000
Log likelihood = -59965.733 Pseudo R2 = 0.1721
cp Coef. Std. Err. z P>|z| [95% Conf. Interval]
lnadt .6969018 .0109922 63.40 0.000 .6753574 .7184462
lncrossv -.0685087 .0207569 -3.30 0.001 -.1091914 -.027826
minltlanes .1381937 .0390102 3.54 0.000 .0617352 .2146523
minlt tr wi -.0101277 .0029383 -3.45 0.001 -.0158867 -.0043688
minlt is wi .0101191 .0049959 2.03 0.043 .0003273 .0199109
minrtlanes -.154319 .0415223 -3.72 0.000 -.2357012 -.0729368
minrt is wi -.0149684 .0052036 -2.88 0.004 -.0251674 -.0047695
minrt tr wi .0105026 .0032123 3.27 0.001 .0042066 .0167986
minrt os wi -.0150735 .00326438 -4.62 0.000 -.0214724 -.0086747
maxrt os wi .0198424 .0033764 5.88 0.000 .0132248 .0264599
lauxl .1814086 .0451134 4.02 0.000 .092988 .2698292
rtrcl -.2493348 .0850314 -2.93 0.003 -.4159932 -.0826763
mepave .1047486 .0194067 5.40 0.000 .0667121 .1427851
mecabl .4418082 .06247 7.07 0.000 .3193693 .5642472
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Table 69 (Continued). Type 2 SPFs for Complaint of Pain Intersection Crashes.

megraill .2752666 .0647142 4.25 0.000 .1484291 .4021042
meconcb -.3612731 .0521133 -6.93 0.000 -.4634134 -.2591328

tint -.4022606 .0163272 -24.64 0.000 -.4342613 -.3702598

yint -.2669061 .0413932 -6.45 0.000 -.3480352 -.1857769

fiveleg -.2002519 .06526 -3.07 0.002 -.3281592 -.0723446
offsetin -.1302154 .0364058 -3.58 0.000 -.2015694 -.0588614
nocontrol -.8680251 .0520365 -16.68 0.000 -.9700149 -.7660354
stopcross -.3247392 .0305986 -10.61 0.000 -.3847114 -.2647669
fourstop .1599182 .0925267 1.73 0.084 -.0214308 .3412672
fourflxr .4493006 .1144009 3.93 0.000 .225079 .6735222
twophasepre .4640733 .0460101 10.09 0.000 .3738951 .5542514
multphasesemi .1754864 .075546 2.32 0.020 .027419 .3235538
twophasefull .6645483 .0455029 14.60 0.000 .5753642 .7537323
multphasefull .3974874 .0347511 11.44 0.000 .3293765 .4655983
lightyes .1627164 .0200094 8.13 0.000 .1234987 .2019341
mainltcurb .2367883 .0238284 9.94 0.000 .1900855 .2834911
mainltpaint .1634462 .0179756 9.09 0.000 .1282147 .1986777
intmastyes .1384372 .0250367 5.53 0.000 .0893663 .1875082
intltno -.2025567 .0234244 -8.65 0.000 -.2484676 -.1566457
intrtno -.1180648 .0220333 -5.36 0.000 -.1612493 -.0748804
intrtpaint -.3415044 .0481419 -7.09 0.000 -.4358608 -.247148
int2wyeslt .3041624 .036916 8.24 0.000 .2318083 .3765165
int2wpeaklt .9713521 .1516534 6.41 0.000 .6741169 1.268587
intlway .1997411 .0518485 3.85 0.000 .0981198 .3013623

_cons -7.289073 .1765334 -41.29 0.000 -7.635072 -6.943074
/1lnalpha -.2550479 .0245489 -.3031629 -.2069329
alpha .7748794 .0190225 .7384788 .8130742
Likelihood-ratio test of alpha=0: chibar2 (01) 4561.49 Prob>=chibar2 = 0.000

The complaint of pain overdispersion parameter is reduced in magnitude to 0.77 from 1.56,
while the ADT parameter is reduced to 0.68 from 1.01. This suggests that an elastic variable
such as ADT is now weakened in its statistical influence due to the inclusion of geometric effects

to a degree that makes it substantially inelastic. What is also noteworthy is the substantial
significance of traffic control type variables as well as certain types of intersection geometry
such as T-intersections.

Table 70 shows type 2 SPFs for visible injury collisions.
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Table 70. Type 2 SPFs for Visible Injury Intersection Crashes.

Fitting constant-only model:

Iteration O: log likelihood = -44541.543
Iteration 1: log likelihood = -44338.644
Iteration 2: log likelihood = -44302.067
Iteration 3: log likelihood = -44302.065

Fitting full model:

Iteration O: log likelihood = -41028.109
Iteration 1: log likelihood = -40006.985
Iteration 2: log likelihood = -39872.844
Iteration 3: log likelihood = -39870.762
Iteration 4: log likelihood = -39870.76
Negative binomial regression Number of obs = 103169
LR chi2(30) = 8862.61
Dispersion = mean Prob > chi2 = 0.0000
Log likelihood = -39870.76 Pseudo R2 = 0.1000
visible Coef. sStd. Err. z P>|z| [95% Conf. Interval]
lnadt .4811165 .0128773 37.36 0.000 .4558775 .5063556
lncrossv -.0139969 .0271628 -0.52 0.606 -.0672349 .0392411
minlt is wi .0253492 .0060602 4.18 0.000 .0134715 .037227
minrtlanes -.0332552 .0097282 -3.42 0.001 -.052322 -.0141883
minrt is wi -.0344473 .0063263 -5.45 0.000 -.0468466 -.022048
maxrt os_wi .0072089 .0028331 2.54 0.011 .0016561 .0127617
rtrcl -.223947 .1076584 -2.08 0.038 -.4349537 -.0129403
mepave .0567855 .0256727 2.21 0.027 .006468 .107103
mestruc .079029 .033412 2.37 0.018 .0135426 .1445154
mecabl .4462903 .0829818 5.38 0.000 .2836489 .6089316
meconcb -.3765056 .0730442 -5.15 0.000 -.5196696 -.2333416
tint -.3894692 .0211708 -18.40 0.000 -.4309632 -.3479751
yint -.1885313 .0493677 -3.82 0.000 -.2852902 -.0917723
fiveleg -.2671497 .0898061 -2.97 0.003 -.4431664 -.091133
offsetin -.2089678 .0499651 -4.18 0.000 -.3068976 -.1110379
nocontrol -.6386282 .0595975 -10.72 0.000 -.7554372 -.5218193
stopcross -.2834667 .0376529 -7.53 0.000 -.3572651 -.2096683
fourflxr .4737992 .1417368 3.34 0.001 .1960001 .7515983
twophasepre .3566371 .0591772 6.03 0.000 .2406519 .4726224
twophasefull .4609374 .0584016 7.89 0.000 .3464724 .5754024
multphasefull .1883907 .0428886 4.39 0.000 .1043306 .2724507
lightyes -.1111295 .025293 -4.39 0.000 -.1607028 -.0615561
mainltcurb .2957137 .0316068 9.36 0.000 .2337654 .357662
mainltpaint .1856983 .0233663 7.95 0.000 .1399011 .2314954
intmastyes .1334435 .034078 3.92 0.000 .0666519 .2002352
intltno -.1595968 .0318185 -5.02 0.000 -.2219599 -.0972337
intrtno -.148049 .0294033 -5.04 0.000 -.2056784 -.0904196
intrtpaint -.1833003 .063598 -2.88 0.004 -.3079501 -.0586506
int2wyeslt .2521526 .0389716 6.47 0.000 .1757698 .3285355
int2wpeaklt .9162631 .1860186 4.93 0.000 .5516734 1.280853
_cons -6.029623 .2226231 -27.08 0.000 -6.465956 -5.59329
/lnalpha -.3519959 .0498255 -.4496521 -.2543397
alpha .703283 .0350414 .63785 .7754284
Likelihood-ratio test of alpha=0: chibar2(01) = 731.63 Prob>=chibar2 = 0.000
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As observed in table 70, the overdispersion parameter is reduced to 0.70 from 1.21, and the ADT
parameter is reduced to 0.48 from 0.68. As expected, none of the variables are elastic even
though they are statistically significant.

Table 71. Type 2 SPFs for Severe Injury Intersection Crashes.

Fitting constant-only model:

Iteration O: log likelihood = -14524.272
Iteration 1: log likelihood = -14515.77
Iteration 2: log likelihood = -14513.255
Iteration 3: log likelihood = -14513.248
Iteration 4: log likelihood = -14513.248
Fitting full model:
Iteration 0: log likelihood = -13969.336
Iteration 1: log likelihood = -13894.467
Iteration 2: log likelihood = -13894.075
Iteration 3: log likelihood = -13894.073
Iteration 4: log likelihood = -13894.073
Negative binomial regression Number of obs = 103169
LR chi2 (15) = 1238.35
Dispersion = mean Prob > chi?2 = 0.0000
Log likelihood = -13894.073 Pseudo R2 = 0.0427
severe Coef. std. Err. z P>|z]| [95% Conf. Interval]
lnadt .340603 .0239305 14.23 0.000 .2937001 .387506
lncrossv .0304938 .0551994 0.55 0.581 -.0776951 .1386826
maxlt os wi .014648 .0049763 2.94 0.003 .0048946 .0244014
mindes_sp .0042404 .0016427 2.58 0.010 .0010209 .00746
rmedhov -.2858256 .0872508 -3.28 0.001 -.456834 -.1148172
mepave .0912087 .0443896 2.05 0.040 .0042067 .1782107
meconcb -.4291794 .1529403 -2.81 0.005 -.7289369 -.1294218
tint -.3809582 .0390626 -9.75 0.000 -.4575195 -.3043969
nocontrol -.6215784 .0991876 -6.27 0.000 -.8159826 -.4271742
stopcross -.3792195 .0537873 -7.05 0.000 -.4846406 -.2737983
lightyes -.2891426 .048956 -5.91 0.000 -.3850946 -.1931905
mainltcurb .2367462 .065936 3.59 0.000 .107514 .3659784
mainltpaint .3079781 .0459114 6.71 0.000 .2179934 .3979629
intltno -.2315491 .057629 -4.02 0.000 -.3444998 -.1185984
int2wyeslt .2467394 .0814967 3.03 0.002 .0870087 .40647
_cons -6.758554 .452891 -14.92 0.000 -7.646204 -5.870904
/lnalpha .0990606 .158704 -.2119935 .4101146
alpha 1.104133 .1752303 .80897 1.50699
Likelihood-ratio test of alpha=0: chibar2(01) = 68.17 Prob>=chibar2 = 0.000
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Table 72. Type 2 SPFs for Fatal Injury Intersection Crashes.

Fitting constant-only model:

Iteration 0: log likelihood = -6377.0159 (not concave)
Iteration 1: log likelihood = -6370.5597
Iteration 2: log likelihood = -6370.3674
Iteration 3: log likelihood = -6370.3637
Iteration 4: log likelihood = -6370.3637

Fitting full model:

Iteration O: log likelihood = -6159.6606
Iteration 1: log likelihood = -6128.3786
Iteration 2: log likelihood = -6128.2766
Iteration 3: log likelihood = -6128.2766
Negative binomial regression Number of obs = 103169
LR chi2(16) = 484.17
Dispersion = mean Prob > chi2 = 0.0000
Log likelihood = -6128.2766 Pseudo R2 = 0.0380
fatal Coef. Std. Err. z P>|z| [95% Conf. Intervall]
lnadt .3545113 .0389932 9.09 0.000 .278086 .4309365
lncrossv -.0813442 .0913421 -0.89 0.373 -.2603714 .0976829
maxlt os wi .0207059 .0082615 2.51 0.012 .0045136 .0368982
minlt is wi .0465175 .0182558 2.55 0.011 .0107368 .0822982
minrt is wi -.0687279 .0194798 -3.53 0.000 -.1069077 -.0305482
minrt os wi .0201465 .0093033 2.17 0.030 .0019123 .0383806
rmedhov -.2773468 .139755 -1.98 0.047 -.5512615 -.0034321
mepave .1511551 .075169 2.01 0.044 .0038265 .2984837
mestruc .335986 .0993914 3.38 0.001 .1411825 .5307895
tint -.3680556 .0653458 -5.63 0.000 -.4961311 -.2399802
nocontrol -.7226715 .1791701 -4.03 0.000 -1.073838 -.3715046
stopcross -.2193669 .1022055 -2.15 0.032 -.4196861 -.0190477
lightyes -.5251565 .0807689 -6.50 0.000 -.6834607 -.3668523
mainltcurb .4535416 .1071657 4.23 0.000 .2435006 .6635825
mainltpaint .4026722 .0742647 5.42 0.000 .257116 .5482284
intmastyes .3843168 .108325 3.55 0.000 .1720037 .5966299
_cons -7.012168 .6888448 -10.18 0.000 -8.362279 -5.662057
/lnalpha .6722018 .2914538 .1009628 1.243441
alpha 1.958545 .5708254 1.106235 3.467524
Likelihood-ratio test of alpha=0: chibar2(01) = 23.17 Prob>=chibar2 = 0.000

The fatal overdispersion parameter is reduced to 1.96 from 2.69 in type 1 specification, while the
ADT parameter drops to 0.34 from 0.49. None of the continuous geometric variables such as
inside shoulder widths are elastic although they are statistically significant.
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Ramp and ramp metering SPFs
Tables 73 and 74 show type 1 SPFs for the ramp network and ramp metering subnetworks.

Table 73. Type 1 SPFs for Ramps for Total Crashes, Property Damage Only,
Complaint of Pain, Visible Injury, Severe Injury and Fatal Collisions.*

Injury Type a p 6
Total Crashes -5.25 0.66 0.94
PDO -5.71 0.67 1.02
Complaint of Pain -6.55 0.63 1.24
Visible -6.74 0.56 1.13
Severe -8.11 0.51 1.90
Fatal -9.99 0.59 2.57

*All coefficients significant at 95% or better
a is coefficient for constant (intercept)
B is coef ficient for In(ADT)

0 is overdispersion parameter

Table 74. Type 1 SPFs for Ramp Metered Locations for Total Crashes, Property
Damage Only, Complaint of Pain, Visible Injury, Severe Injury and Fatal

Collisions.*

Injury Type a p 6
Total Crashes -5.17 0.65 0.72
PDO -5.85 0.68 0.79
Complaint of Pain -6.75 0.65 0.86
Visible -6.38 0.51 0.75
Severe -7.64 0.44
Fatal -8.76 0.40

*All coefficients significant at 95% or better
a is coefficient for constant (intercept)
B is coef ficient for In(ADT)
0 is overdispersion parameter
As can be seen in tables 73 and 74, the overdispersion parameters tend to vary substantially

between the all-ramps network and the ramp metered subnetwork. In particular, the severe and
fatal type 1 SPFs for the ramp metered subnetwork do not follow a negative binomial, instead, a
Poisson model. This appears to show that heterogeneity in the ramp metered subnetwork is
minimal, perhaps due to the traffic control effects from the metering. Tables 75-80 show type 2
SPFs for the entire ramp network, consisting of basic ramp functionality and ADT. Tables 81-86
on the other hand show type 2 SPFs for ramp metered subnetwork, which includes ramp
geometry, and HOV information as well.
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Table 75. Type 2 SPFs for Ramps for Total Crashes.

Negative binomial regression Number of obs = 81959

LR chi2(3) = 24705.04
Dispersion = mean Prob > chi? = 0.0000
Log likelihood = -130461.24 Pseudo R2 = 0.0865
totalcrashes Coef. Std. Err. z P>|z] [95% Conf. Interval

Inadt .6488936  .0045199  143.57  0.000 .6400348 .6577523
OnRamp .5028575 1978103 2,54 0.011 .1151565 .8905586
0f fRamp .9324096  .1977938 4,77 0.000 5447409 1.320078
_cons [ -5.906301  .2010779 -29.37 0.000  -6.300406 -5.512196

/Inalpha | -.1190781  .0100086 -.1386945  -.0994617

alpha .8877385 .008885 .8704939 .9053246

Likelihood-ratio test of alpha=0: chibar2(01) = 5.0e+04 Prob>=chibar2 = 0.000

Table 76. Type 2 SPFs for Ramps for PDO Crashes.

Negative binomial regression Number of obs = 81959
LR chi2 (3) = 20287.91

Dispersion = Mean Prob > chi? = 0.0000
Log likelihood = -108638.38 Pseudo R2 = 0.0854
PDO Coef. Std. Err. 7 Plz| [95% Conf. Interval

Inadt .0562919  .0051439  127.59  0.000 .6462101  .6663738
0ffRamp 4048062 .0102274  39.58  0.000 .3847608 4248515
OntoOff | -.5690243  .3447068  -1.65 0.099  -1.244637  .1065886

_cons | -5.849856  .0458855 -127.49 0.000 -5.93979  -5.759922

/Inalpha | -.0309775  .0116516 -.0538142  -.0081407

alpha 9694974 0112962 9476081 9918924

Likelihood-ratio test of alpha=0: chibar2(01) = 3.2e+04 Prob>=chibar2 = 0.000

As tables 75 and 76 show, the ADT variable remains statistically significant while being
inelastic. The off-ramp functionality appears to be very strong for PDO crash collisions.
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Table 77. Type 2 SPFs for Ramps for Complaint of Pain Crashes.

Negative binomial regression Number of obs = 81959
LR chi2(3) = 9522.55

Dispersion = Mean Prob > chi2 = 0.0000
Log likelihood = -58172.753 Pseudo R2 = 0.0757
Cp Coef. Std. Err. 7 Plz] [95% Conf. Interval

Inadt 6130114~ .007551  81.18  0.000 .5982117 .627811
OnRamp 1.458803  .5923893 2,46 0.014 2977417 2.619865
OffRamp 1.945977  .5923614 3.29 0.001 .7849695  3.106984
cons | -8.129116 5954194 -13.65 0.000  -9.290116 -6.962115

/1nalpha 1302532 .0218749 087379 1731273

alpha 1.139117  .0249181 1.09131  1.189017

Likelihood-ratio test of alpha=0: chibar2(01) = 6038.86 Prob>=chibar2 = 0.000

Table 78. Type 2 SPFs for Ramps for Visible Injury Crashes.

Negative binomial regression Number of obs = 81959
LR chi2(1) = 4080.20

Dispersion = mean Prob > chi? = 0.0000
Log likelihood = -35168.179 Pseudo R2 = 0.0548
Visible Coef. Std. Err. 7 Pz [95% Conf. Interval

Inadt .5601032  .0096531  58.02  0.000 .5411833 .579023
cons | -6.743783  .0871005 -77.43  0.000  -6.9144%  -6.573069

/1nalpha .1250341 0415398 0436177 2064506

alpha 1.133187  .0470723 1.044583  1.229307

Likelihood-ratio test of alpha=0: chibar2(01) = 1448.69 Prob>=chibar2 = 0.000

As observed in table 78, the lack of geometric or non-ADT effects renders the visible injury type
2 SPF to be the same as the type 1 functional form. Complaint of pain however is influenced by
both off and on ramp functionalities significantly.
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Table 79. Type 2 SPFs for Ramps for Severe Injury Crashes.

Negative binomial regression Number of obs = 81959
LR chi2(2) = 753.58

Dispersion = mean Prob > chi? = 0.0000
Log likelihood = -9209.2216 Pseudo R2 = 0.0393
Severe Coef.,  Std. Err. z P>|z| [95% Conf. Interval]

Inadt 4721863 0213066 22.16  0.000 4304262 5139464
OnRamp 13.51002  .192909  70.03 0.000 13.13192  13.88811
OffRamp 13,9532 .1942049  71.85 0.000 13.57318  14.33445
_cons | -21.54248

/1nalpha 974361 1619652 .2569151 .891807

alpha 1.775995  .2876494 1.292935  2.439534

Likelihood-ratio test of alpha=0: chibar2(01) =  93.59 Prob>=chibar2 = 0.000

Warning: convergence not achieved

Table 80. Type 2 SPFs for Ramps for Fatal Injury Crashes.

Negative binomial regression Number of obs = 81959
IR chi2(2) = 314.17

Dispersion = mean Prob > chi2 = 0.0000
Log likelihood = -3530.3937 Pseudo R2 = 0.0426
Fatal Coef. Std. Err. z P>|z] [95% Conf. Interval

Inadt .566802  .0393387  14.41 0.000 4896995 .6439045

OnRamp 14.02448 .36046  38.91  0.000 13.31799  14.73097
0ffRamp 14.56547 3628027  40.15  0.000 13.85439  15.27653
_cons | -24.15179

/1nalpha .8866192  .3550369 1907597 1.582479

alpha 2.,426911  .8616429 1.210169  4.867005

Likelihood-ratio test of alpha=0: chibar2(01) = 23.70 Prob>=chibar? = 0.000

Warning: convergence not achieved
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As noticed in tables 79 and 80, model convergence was not achieved for severe and fatal injury
collisions. This is most likely due to sparsity of crash counts at numerous ramp sites, due to the
severity issue in question. It would therefore be reasonable to use the visible injury SPF as the
default type 2 SPF for severe and fatal injury collisions for all ramps.

Tables 81-86 show the type 2 SPFs for the ramp metered subnetwork.

Table 81. Type 2 SPFs for Ramp Metered Locations for Total Crashes.

Negative binomial regression Number of obs = 4900

IR chi2(5) = 1129.54
Dispersion = mean Prob > chi?2 = 0.0000
Log likelihood = -8259.8383 Pseudo R2 = 0.0640
TotalCrashes Coef. Std. Err. 7 Plz| [95% Conf. Interval]

Inadt .0041019 0258991 25.64  0.000 .0133406 7148631
ofLanes .3281783 0330524 9.93  0.000 .2633967  .3929599
connector | -.6020013  .0490803 -12.27 0.000  -.6982569 -.5058656
coldist | -.5602787 .0958969  -5.84 (0.000 -. 748233 -.3723243
hovmeter | -.3144367 .0528187  -5.95 0.000  -.4179393  -.210914
_cons | -5.705457 .2166421 -26.34 0.000  -6.130068 -5.280846

/Inalpha | -.4653664 .0454081 -.5543646  -.3763682

alpha 027905 028512 ST43T2 168634%

Likelihood-ratio test of alpha=0: chibar2(01) = 1654.30 Prob>=chibar2 = 0.000

Table 81 shows the type 2 SPF for all total crashes for the ramp metered subnetwork. As is
observed in the table, the number of lanes variable is the capacity related factor, while the
connector, collector-distributor dummies capture the ramp geometry. The metered HOV dummy
captures high occupancy effects. The number of lanes variable is not elastic, with an elasticity
equal to 0.64. The ADT variable is also inelastic with an elasticity of 0.66.

Tables 82 and 83 show the type 2 SPFs for PDO and complaint of pain collisions for the ramp
metered subnetwork. As can be seen in the tables, the statistical significance of the number of
lanes and ramp geometry variables remains strong; however, the magnitudes are still in the
inelastic range. The ADT variable continues to operate in the 0.70 elasticity range.

Institute of Transportation Studies, UC Berkeley Page 74



Table 82. Type 2 SPFs for Ramp Metered Locations for PDO Crashes.

Negative binomial regression Number of obs = 4900
LR chi2 (6) = 981.19

Dispersion = mean Prob > chi? = 0.0000
Log likelihood = -6977.3948 Pseudo R2 = 0.0657
PDO Coef. Std. Err. AN [95% Conf. Interval

Inadt .6983929  .029612  23.58  0.000 .6403544 7564313
ofLanes .3506135 0371636 9.43  0.000 2777741, 4234528
connector | -.5644273  .0565561  -9.98 0.000  -.6752791 -.4535754
coldist | -.4838733  .1065081  -4.54 0.000  -.6926253 -.2751213
loop .0926589 0467163 1.9 0.047 0010966 1842212
hovmeter | -.3084664  .0589081  -5.24  0.000  -.4239242 -.1930086
cons | -6.441491 2494287 -25.82  0.000  -6.930362  -5.95262

/Inalpha | -.4008168 .0536339 -.5059373  -.2956962

alpha .6697728  .0359225 .6029402 7440134

Likelihood-ratio test of alpha=0: chibar2(01) = 1032.71 Prob>=chibar2 = 0.000

Table 83. Type 2 SPFs for Ramp Metered Locations for Complaint of Pain Crashes.

Negative binomial regression Number of obs = 4900
IR chi2 (6) = 424,63

Dispersion = mean Prob > chi? = 0.0000
Log likelihood = -3652.0258 Pseudo R2 = 0.0549
cp Coef.  Std. Err. z P>|z] [95% Conf. Interval

Inadt .6911846  .0467713 14,78 0.000 .5995145 1828547
ofLanes .2336579  .0558695 4,18 0.000 1241556 .3431601
connector | -.9019132  .0938358  -9.61  0.000 -1.085828  -.7179983
coldist | -.7202889 .1703086  -4.23  0.000 -1.054088  -.3864901
hook | -.2982828  .1312783  -2.27 0.023  -.5555834 -.0409821
hovmeter | -.2982878 .089538  -3.33  0.001 - 4737791 -.1227965
_cons | -7.313816  .3930371 -18.61  0.000 -8.084155  -6.543478
/Inalpha | -.2803495 .1137273 -.5032509 -.057448
alpha .7555196 0859232 .6045621 .9441709

Likelihood-ratio test of alpha=0: chibar2(01) = 152.75 Prob>=chibar2 = 0.000
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Table 84. Type 2 SPFs for Ramp Metered Locations for Visible Injury Crashes.

Negative binomial regression Number of obs = 4900
IR chi2 (5) = 144,53

Dispersion = mean Prob > chi2 = 0.0000
Log likelihood = -2020.6507 Pseudo R2 = 0.0345
Visible Coef. Std. Err. z P>lz| [95% Conf. Interval]
Inadt 4862228 .0635088 7.66  0.000 3617479 .6106978
ofLanes .3950526  .0788215 5.01  0.000 .2405653 .54954
connector | -.3332938 .1177001  -2.83 0.005  -.5639818 -.1026058
coldist | -.7095001  .2712138  -2.62 0.009  -1.241069 -.1779308
hovmeter -.430329  .1308323  -3.29 0.001  -.6867555  -.1739025
_cons | -6.743953 530995 -12.70  0.000  -7.784684  -5.703222
/Inalpha | ~-.7304997  .3443324 -1.405379  -.0556205
alpha 4816682 .165854 2452741 .945898

Likelihood-ratio test of alpha=0: chibar2(01) = 12.31 Prob>=chibar2 = 0.000

Table 85. Type 2 SPFs for Ramp Metered Locations for Severe Injury Crashes.

Poisson regression Number of obs = 4900
IR chi2(4) = 30.24

Prob > chiz = 0.0000

Log Likelihood = -508.35183 Pseudo R2 = (.0289
Severe Coef. Std. Err, 2 Plz|  [9% Conf. Interval

Inadt | .3154588 1374426 2.30 0.022  .0460763 5848414
oflanes | .3199715 1911302 1.6 0.09%  -.0546368  .6945798

hook | 1.170044 .2650076  4.42 0.000  .6506386  1.689449
hovmeter | -.794243 3797733 -2.09 0.036  -1.538585  -.049901
cons | -7.102819  L.I47123  -6.19 0,000 -9.351139  -4.854499
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Table 86. Type 2 SPFs for Ramp Metered Locations for Fatal Injury Crashes.

Poisson regression Number of obs = 6080
LR chi2(1) = 3.11

Prob > chi2 = 0.0778

Log likelihood = -203.58165 Pseudo R2 = 0.0076
Fatal Coef. Std. Err. 7 Pz [95% Conf. Interval]

Inadt 042716 .2396838  1.69  0.092  -.0655001  .B740432
_cons | -8.760081 2.136095  -4.10 0.000  -12.94675 -4.573412

As can be noticed in tables 85 and 86, type 2 SPFs for severe and fatal injuries follow the
Poisson model. The fatal injury SPF is the same as the type 1 SPF with no geometric or traffic
control effects found to be statistically significant.

Model Transferability and Predictions

Three issues are relevant for post-estimation evaluation of the type 2 SPFs: Model checking via
specification search, parameter stability via structural change tests, and predictive effectiveness
via out of sample tests.

Specification: Several factors affect specification searches. Functional forms are usually tested
in the safety community via cumulative residual plots. However, this method has significant
limitations. It assumes apriori that the model contains numerous continuous variables, whose
functional forms can be tested alternatively. In the current set of models that have been
developed for this study, a majority of the variables are dummy types. Second, CURE plots do
not address the issue of omitted variable bias. Omitted variable bias can arise when a variable
that should be in the model is excluded, and the excluded variable share correlations with
included variables in the model. When unobserved effects are significant in the models, the
potential for omitted variable bias is non trivial and the CURE plot approach does not resolve the
problem. It is important to note that including irrelevant variables in the models in order to
enrich type 2 SPFs will cause inefficiency in the parameter estimates. Another issue that is
significant in a multi-year panel of crash data such as the one used in this study is the effect of
time. It has been noted repeatedly in several of the type 2 SPFs that year dummies are
significant. In fact, years 2006-2010 appear to be negatively signed. This shows that year 2005
is a significant threshold for structural change. Further, when such time dummies are evaluated
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in concert with spatial dummies such as route and county dummies, the evaluation of type 2
SPFs in terms of model transferability becomes complex. In order to proceed step by step to
evaluate whether model transferability is possible, we evaluate six year models (2005-2010)
against a two year model (2011-2012) to see if parameters are stable and transferable. We then
evaluate the predictive effectiveness using methods involving changes in outcomes, and
measures of effectiveness such as root mean square, mean squared error and mean absolute
percentage error.

Figure 17 shows the conceptual basis of parameter stability via structural change tests.

Figure 17. Concepts of parameter stability.

As figure 17 shows, the year 2005-2010 and 2011-2012 models have slopes (non intercept
coefficients) that remain stable in the top left scenario. The intercepts are however statistically
dissimilar. In the top right scenario, the intercepts are same, but the slopes are statistically
dissimilar. This is a rare scenario, since unobserved effects are usually significant. In the
bottom right scenario, the slopes and intercepts are statistically similar, which would imply a
model developed on 2005-2010 data is completely transferable to 2011-2012. The bottom left
scenario is one where neither the intercept nor the slope is transferable. This is a common
occurrence in models with limited specifications and where unobserved effects are significant.
Omitted variable effects can amplify the likelihood of this scenario.

To test if the models are transferable, we use likelihood based ratio tests. In this type of testing,
a fully specified model is estimated on a 2005-2010 dataset, and an independent model with
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same exact specification is estimated on a 2011-2012 dataset. Then, a pooled model is estimated
using the combined 2005-2012 dataset. The likelihood ratio evaluating the difference in
likelihoods between the pooled model and the sum of the independent likelihoods is computed
according to the following formula: LR = —(LLpop1ea — LL2005-2010 — LLyg11-2012)~x2. The
LR statistic is chi-squared distributed with k degrees of freedom where k is the number of
parameters being evaluated for a given model. If the computed chi-squared exceeds the chi-
squared value for 99% confidence, then, this will indicate that the models are not transferable.
This test does not indicate which parameters are not transferable, it indicates if the model as a
whole is transferable.

Architecture of the LR test: Since we have 10 SPF classes, and two data periods (2005-2010
versus 2011-2012), we need to estimate a pooled model and two unrestricted models, involving
six injury classes including total, PDO, complaint of pain, visible, severe and fatal types. Thus,
we have 18 models to be evaluated for each SPF class, resulting in a total of 180 LR tests.

Tables 87-92 shows the results of completed transferability tests.

Table 87. Rural 2-Lane Transferability Test by Severity.

As table 87 shows, with the exception of PDO type 2 SPFs, none of the other SPFs are
transferable at the 99% confidence level. The computed LRs exceed the threshold values. Table
88 shows LR tests for rural 4-lane roadways, and it will be noted that the degree to which the
computed LRs exceed the threshold values is far greater than that seen in table 87. This shows
that the effect of unobservable is greater in rural 4-lane roadway datasets, and specification
searches need to incorporate alignment data to reduce the effect of unobservables. Tables 89 and
90 on the other hand show conformant results for rural 4-plus-lane and rural multilane undivided
datasets, where all models appear transferable at the 99% confidence level. Clearly, the
heterogeneity in four-lane rural datasets appears to indicate a need for richer specifications, and
to a lesser degree in rural two-lane datasets as well. The LR conformity of rural multilane
undivided models is very strong, and it can be said that the parameter transferability in these type
2 SPFs as well as the rural 4-plus-lane models is supported.
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Table 88. Rural 4-Lane Transferability Test by Severity.

Table 89. Rural 4-Plus-Lane Transferability Test by Severity.

Table 90. Rural Multi-Lane Undivided Transferability Test by Severity.
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Tables 91-96 show LR tests for urban roadways. As seen in the tables, the urban 2-lane, urban
4-lane type 2 SPF and 5-6-7-lane type 2 are not transferable.

Table 91. Urban Two-Lane Transferability Test by Severity.

Table 92. Urban Four-Lane Transferability Test by Severity.

Table 93. Urban Five-Six-Seven-Lane Transferability Test by Severity.
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Table 94. Urban Eight-Plus-Lane Transferability Test by Severity.

Table 95. Urban Multi-Lane Undivided Transferability Test by Severity.

Table 96. Urban Multi-Lane Divided Transferability Test by Severity.
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Tables 97-98 show the out of sample prediction tests using estimated type 2 SPF predictions
(from 2005-2010) of 2011 data.

Table 97. Prediction Measures of Effectiveness for 2011 Out of Estimation Sample
Predictions by Rural SPF Class.

Type 1 SPF Type 2 SPF

SPF Class Outcome MAD MAPE RMSE MAD MAPE RMSE
Total 0.363 182.926 0.814 0.329 182.538 0.618

PDO 0.196 191.448 0.241 0.187 191.345 0.205

2-Lane CPAIN 0.082 198.104 0.061 0.078 197.975 0.055
VISIBLE 0.112 197.173 0.102 0.105 197.068 0.090

SEVERE 0.048 199.393 0.032 0.046 199.277 0.030

FATALITY 0.017 199.877 0.009 0.017 199.846 0.009

Total 0.649 172.971 4.608 0.588 172.142 4.948

PDO 0.415 181.954 1.862 0.386 181.432 2.346

4-Lane CPAIN 0.146 194.641 0.193 0.143 194.278 0.262
VISIBLE 0.147 194.472 0.171 0.141 194.165 0.153

SEVERE 0.050 199.040 0.033 0.049 195.778 0.032

FATALITY 0.026 199.571 0.015 0.026 196.674 0.015

Total 4.065 161.718 85.321 1.867 151.317 22.727

PDO 2.844 167.015 43.561 1.270 159.198 8.196

4+Lane CPAIN 0.785 183.312 0.933 0.431 181.822 0.863
VISIBLE 0.253 184.062 0.259 0.256 183.679 0.269

SEVERE 0.061 198.471 0.037 0.060 198.255 0.037

FATALITY 0.018 199.893 0.009 0.018 193.519 0.009

Total 0.351 173.436 0.315 0.350 173.862 0.308

PDO 0.256 184.542 0.172 0.252 184.553 0.173

Multi-Lane | CPAIN 0.072 199.312 0.038 0.070 199.363 0.036
Undivided | VISIBLE 0.085 197.832 0.049 0.077 196.931 0.041
SEVERE 0.065 199.260 0.051 0.064 173.093 0.051

FATALITY 0.033 199.619 0.017 0.032 159.564 0.017

The measures of effectiveness are useful due to their particular implications in terms of
predictive capability out of sample. Mean absolute deviation is meaningful when cost of forecast
error is proportional to the absolute size of the error. Mean absolute percent error is meaningful
when cost of error is related to percent than numerical size of error. Mean squared error (and
root mean squared error) are meaningful in a quadratic loss function manner — they tend to
weight large errors heavily compared to small errors.

By these definitions, type 2 SPFs are comparatively better than type 1 SPFs in both 2011 and
2012 out of sample predictions.
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Table 98. Prediction Measures of Effectiveness for 2011 Out of Estimation Sample

Predictions by Urban SPF Class.

Type 1 SPF Type 2 SPF

SPF Class Outcome MAD MAPE RMSE MAD MAPE RMSE
Total 0.985 171.631 50.621 0.834 170.642 29.606

PDO 0.612 181.724 17.342 0.527 181.090 10.138

2-Lane CPAIN 0.241 193.626 1.888 0.221 193.587 1.273
VISIBLE 0.156 195.733 0.531 0.143 195.575 0.237

SEVERE 0.058 199.063 0.067 0.055 198.936 0.047
FATALITY 0.019 199.857 0.014 0.019 196.172 0.014

Total 2.787 144.272 54.395 2.279 140.669 47.924

PDO 1.806 154.505 22.103 1.544 151.902 19.133

4-Lane CPAIN 0.649 175.235 2.480 0.592 174.282 2.778
VISIBLE 0.305 184.334 0.478 0.304 182.942 0.518
SEVERE 0.088 197.244 0.061 0.088 197.275 0.061
FATALITY 0.036 199.465 0.021 0.036 199.467 0.021

Total 4.545 117.315 148.094 4.072 115.691 117.590

PDO 3.089 128.563 68.133 2.563 128.995 47.504

5,6,&7- CPAIN 1.225 153.713 8.739 1.129 152.579 7.567

Lane

VISIBLE 0.502 171.079 1.267 0.485 170.840 1.082

SEVERE 0.129 193.943 0.100 0.128 193.020 0.098
FATALITY 0.062 198.606 0.043 0.058 178.374 0.045

Total 7.608 89.172 219.397 7.250 87.956 201.322

PDO 5.599 98.499 120.225 5.403 97.552 113.398

8+Lane CPAIN 1.885 119.225 13.269 1.836 118.994 12.484
VISIBLE 0.767 143.822 1.659 0.754 143.634 1.586
SEVERE 0.228 189.159 0.182 0.227 189.161 0.181
FATALITY 0.086 197.857 0.051 0.086 197.835 0.051

Total 1.641 163.951 16.488 1.304 162.028 9.058

PDO 1.009 176.216 5.859 0.833 175.002 3.616

Multi-Lane | CPAIN 0.492 187.118 1.831 0.378 186.024 0.740
Divided VISIBLE 0.179 194.777 0.202 0.170 194.774 0.167
SEVERE 0.045 199.283 0.027 0.045 199.313 0.026
FATALITY 0.023 199.710 0.013 0.023 199.711 0.013

Tables 99 and 100 show the out of sample prediction measures of effectiveness for year 2012
datasets. The patterns observed are similar to the ones shown in tables 97-98.
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Table 99. Prediction Measures of Effectiveness for 2012 Out of Estimation Sample
Predictions by Rural SPF Class.

Type 1 SPF Type 2 SPF

SPF Class Outcome MAD MAPE RMSE MAD MAPE RMSE
Total 0.285 186.925 0.441 0.267 186.733 0.354
PDO 0.203 191.965 0.241 0.189 192.088 0.201

2-Lane CPAIN 0.047 199.404 0.029 0.045 198.859 0.028
VISIBLE 0.054 198.937 0.032 0.051 195.333 0.029
SEVERE 0.021 199.853 0.011 0.021 199.793 0.011

FATALITY 0.018 199.903 0.010 0.018 199.900 0.010

Total 0.516 176.828 2.393 0.491 176.226 3.992
PDO 0.395 182.517 1.350 0.380 182.208 2.525

4-Lane CPAIN 0.083 197.774 0.077 0.082 197.532 0.092
VISIBLE 0.082 197.833 0.066 0.080 197.713 0.062

SEVERE 0.032 199.534 0.019 0.032 199.499 0.019
FATALITY 0.025 199.608 0.013 0.024 199.557 0.013

Total 4.33 160.640 100.284 2.031 146.475 53.929

PDO 3.079 162.567 52.214 1.421 153.194 35.471

4+Lane CPAIN 0.870 193.412 3.741 8.202 189.027 147.548
VISIBLE 0.189 194.583 0.382 0.163 188.799 0.223
SEVERE 0.073 197.798 0.042 0.074 197.778 0.043

FATALITY 0.018 199.880 0.009 0.017 193.499 0.009

Total 0.331 182.687 0.392 0.335 183.086 0.397
PDO 0.243 188.133 0.201 0.244 188.134 0.201

Multi-Lane | CPAIN 0.064 198.945 0.033 0.063 198.847 0.032
Undivided | VISIBLE 0.080 199.331 0.075 0.080 188.848 0.075
SEVERE 0.095 197.876 0.134 0.036 187.786 0.026

FATALITY 0.017 199.233 0.034 0.024 198.763 0.029
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Table 100. Prediction Measures of Effectiveness for 2012 Out of Estimation Sample

Predictions by Urban SPF Class.

Type 1 SPF Type 2 SPF

SPF Class Outcome MAD MAPE RMSE MAD MAPE RMSE
Total 0.772 176.881 28.989 0.652 175.569 15.568

PDO 0.562 182.440 13.759 0.492 181.999 7.912

2-Lane CPAIN 0.125 197.061 0.449 0.117 197.110 0.269
VISIBLE 0.086 197.962 0.179 0.083 197.936 0.099

SEVERE 0.027 199.740 0.023 0.026 199.727 0.018

FATALITY 0.023 199.727 0.019 0.023 199.720 0.017

Total 2.158 147.628 32.391 1.794 144.563 28.128

PDO 1.643 154.587 18.288 1.407 152.043 16.056

4-Lane CPAIN 0.383 184.471 0.862 0.365 184.289 0.943
VISIBLE 0.189 191.143 0.196 0.189 189.874 0.211

SEVERE 0.057 198.667 0.035 0.057 198.685 0.035

FATALITY 0.039 199.253 0.022 0.038 199.214 0.022

Total 3.713 121.092 98.097 3.413 119.816 80.938

PDO 2.871 127.901 59.537 2.730 127.264 55.711

5,6,& CPAIN 0.728 168.154 2.894 0.683 167.410 2.440
7-Lane VISIBLE 0.350 181.174 0.633 0.344 181.085 0.579
SEVERE 0.092 196.763 0.064 0.093 196.807 0.064

FATALITY 0.053 198.857 0.032 0.052 198.791 0.032

Total 6.401 91.771 155.451 6.228 90.730 157.301
PDO 5.311 97.281 106.661 5.189 96.332 111.583

8+Lane CPAIN 1.174 136.208 4.755 1.152 136.266 4.540
VISIBLE 0.515 163.924 0.746 0.509 163.973 0.736

SEVERE 0.143 195.246 0.102 0.143 194.696 0.102

FATALITY 0.084 197.864 0.053 0.083 197.837 0.052

Total 1.203 169.296 8.162 0.999 167.366 5.963

PDO 0.883 178.470 4.382 0.761 177.261 3.349

Multi-Lane | CPAIN 0.248 193.240 0.357 0.217 187.978 0.283
Divided VISIBLE 0.109 197.396 0.098 0.104 197.327 0.088
SEVERE 0.032 199.632 0.017 0.032 199.658 0.017

FATALITY 0.016 199.873 0.009 0.016 199.874 0.009

Total 0.944 174.736 6.700 0.799 174.132 4.267

PDO 0.692 181.997 3.595 0.580 176.802 2.123

Multi-Lane | CPAIN 0.192 197.738 0.242 0.178 197.814 0.205
Undivided | VISIBLE 0.082 198.982 0.062 0.081 174.681 0.061
SEVERE 0.016 199.886 0.008 0.016 170.016 0.008

FATALITY 0.026 199.840 0.013 0.024 162.126 0.013

Conclusions and Recommendations
An evaluation of the type 1 and type 2 SPFs for roadway segments indicates that segment length
based on homogeneous geometry results in a large proportion of segments under the length of
0.1 mile. This implies that network screening should be conducted at the 0.1-mile interval,

instead of at higher intervals. It is also our finding that re-defining segment lengths to minimize
sensitivity to network screening outcomes from Safety Analyst is a complex decision making
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process, since it affects model building in a cyclical fashion. When models are built on the
assumption of homogeneous geometry, and network screening dictates that only a subset of
geometry be used for segment definitions, then, the variable definition process in the model
building stage (especially for type 2 SPFs) becomes complicated, due to some variables being
homogeneous and some being weighted values or values with ranges. This can induce
heteroskedasticity and therefore bias the inference on standard errors in the model.

It was also determined that roadway segment models suffer from omitted variable effects due to
the absence of alignment data. Alignment data can have substantial interactions with capacity
variables and therefore, can help capture heterogeneities that otherwise are subsumed in the
overdispersion parameter. As a result, the elasticities of the variables included in the models
without alignment information can be over-estimated. For example, design speed was found to
be a significant and elastic effect in several of the type 2 SPF models. Design speed may be a
proxy for alignment effects, since design speed is used in the implementation of horizontal and
vertical curvature on roadway segments. Future work is therefore required in detail to collect
and assemble alignment geometry to provide for further resolution in the type 2 SPFs. This
information can have substantial policy implications due to the fact that design speed is
implicated by their absence.

An evaluation of intersection SPFs indicated that roadway geometry and traffic control have
substantial impacts on intersection crash propensities on the mainline. This study did not use
cross street crash data since that was not available; it can be inferred therefore, that the
complexity of the mainline-cross street crash phenomena is only partly understood through the
type 2 SPFs developed in this study. The fact that a rich set of variables was derived on the basis
of mainline crash information indicates that more complex models can provide richer insight into
the correlative aspects of mainline and cross street crash patterns. This in turn would shed light
on the relative importance of road geometry and traffic control and help enhance intersection
design policy issues with respect to safety.

An evaluation of the ramp network indicated that ramp configuration is not available — the length
of ramps in particular, the geometry of the ramps in addition and the availability of ramp
alignment information. Such information is highly valuable for thorough ramp analysis because
it will allow for a comparative analysis of which ramps can benefit from ramp metering from an
integrated operations-safety standpoint. An evaluation of the ramp metered subnetwork confirms
this expectation since the heterogeneity parameter in the ramp metered subnetwork appears to be
significantly subdued due to ramp metering operational effects.

Model transferability tests conducted on roadway datasets appear to indicate that unobserved
effects remain in the models. In spite of these unobserved effects, the predictive effectiveness
shown by type 2 SPFs compared to Type 1 SPFs is significant.
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Table 101. Model Transferability with Varying Panels of Years.

Rural Urban
SPF Class Outcome 2006-2010 2007-10 2008-2010 2006-2010 2007-10 2008-2010
Model Model Model Model Model Model
Transferable? | Transferable? | Transferable | Transferable? | Transferable? | Transferable
Total No No No No No No
PDO Yes No No No No No
2-Lane CPAIN No No No No No No
VISIBLE No No No No No No
SEVERE No No No No No Yes
FATALITY No Yes Yes No No No
Total No No No No No No
PDO No No No No No Yes
4-Lane CPAIN No No No No No No
VISIBLE No No No No No No
SEVERE No No No No No No
FATALITY No Yes Yes No No Yes
Total Yes Yes Yes
PDO Yes Yes Yes
4+Lane CPAIN Yes Yes Yes
VISIBLE Yes Yes Yes
SEVERE Yes Yes Yes
FATALITY Yes Yes Yes
Total Yes Yes Yes No No No
PDO Yes Yes Yes No No No
Multi- CPAIN Yes Yes Yes No No Yes
Lane
Undivided | VISIBLE Yes Yes Yes No Yes Yes
SEVERE Yes Yes Yes Yes Yes Yes
FATALITY Yes Yes Yes Yes Yes Yes
Total No No No
PDO No No No
5,6,7- CPAIN No No No
Lane
VISIBLE No No No
SEVERE No No No
FATALITY No No Yes
Total Yes No No
PDO No No Yes
8-Lane CPAIN No No No
VISIBLE No No No
SEVERE No No No
FATALITY No Yes Yes
Total No No No
PDO No No No
Multi- CPAIN No No No
Lane
Divided | VISIBLE No No No
SEVERE Yes Yes Yes
FATALITY Yes Yes Yes
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Environmental data is very challenging to collect on a statewide level, especially when one
wishes to collect pavement level information. Economic effects at the SPF class level or route
level are pose enormous data collection challenges. While it can be theorized that economic
effects can influence driving exposure, as well as trip making behavior (for example, making
more discretionary trips out of the home such as recreational and entertainment related),
measuring aggregate manifestations of such effects at the route level or even district level is
close to impossible. These unobserved effects can remain for several years. In the absence of
environmental and economic data, consistent alignment information will mitigate the unobserved
effects considerably, especially in terms of horizontal and vertical curvature information. In
urban environments especially, alignment information can be critical due to the more frequent
interactions between traffic flow and roadway geometry. Table 101 further emphasizes this
point through the illustration of the longitudinal change in the likelihood ratio tests. In summary,
on the basis of both transferability and predictive measures of effectiveness, it can be said that
Type 2 SPFs offer far more effective decision making bases for identifying high collision
concentrations than Type 1 SPFs.
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All-Districts: Urban Multilane Divided SPF 2 —

Total Fata

Ities

Poisson Regression
Hazimum Likelihood Estimates
Hodel estimated: May 13, 2014 at 08:53:03PH.
Dependent wariable TOTALFA
¥eighting wvariable Hone
Humber of ob=zervations 2150
Iterationz completed 9
Log likelihood function —240 6025
Humber of parameters 5
Info. Criterion: AIC = 22847
Finite Sample: AIC = 22848
Info. Criterion: BIC = .24166
Info. Criterion:HQIC = 23329
Restricted log likelihood —-306.0353
HcFadden Pseudo R—=sguared .2138082
Chi =squared 130.8657
Degrees of freedom 4
Prob[Chi1Sqgd > walue] = 0000000
Poisson Regression
Chi- =s=quared = 2814 _ 73811 R=qP= -.0330
G - =gquared = 359 .91715 R=qb= . 2666
Overdispersion tests: g=mu{i) : 1.123
Overdispersion tests: g=mu{i1)"2: 127

Yariable| Coefficient | Standard Error |bs/St _ Er.|P[|Z]|>=]] Mean of X]|
Constant | -5 .58618212 2.12473325 —2.629 .00886

LOGADT | 39291766 20367457 1.929 0537 9.95892811
LOGLH | i1.00o0o00000 ... ._. (Fized Parameter).._ ... ..

RT_OS _W¥WI| —_.09408215 _03809214 —2.470 0135 7.39674419
RT123 | 1.34717687 71969758 1.872 0612 .04511628
BTG 2 | 72464395 40231558 1.801 0717 .03953488
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All-Districts: Urban Multilane Divided
SPF 2 —Total Noninjuries

Hormal exit from i1teratiom=. Exit statu=s=0.
Hegative Binomial Regression
Hazximum Likelihood Estimates
Hodel estimated: Hay 13, 2014 at 09:04:18FH.
Dependent wariable TOTALHI
¥eighting wariable Hone
Humber of observations 2146
Iterations completed 32
Tog likelihood functiom —3124 392
Humber of parameters 22
Inmfo. Criteriomn: AIC = 2.93233
Finite Sample: AIC = 2.93255
Imfo. Criteriomn: BIC = 2.99047
Imfo. Criterion:HQIC = 2.95360
Restricted log likelihood —4196_906
HcFadden Pseudo R—=sguared . 2555487
Chi =sqguared 2145 028
Degrees of freedom 1
FProb[ChiS5gd > walue] = .oo00DDD
HegBin form 2. P=i1{1) = theta
| Fariable| Coefficient | Standard Error |bsSt_Exr_ |P[|Z]|>=]1] Hean of X|
Constant —b . 79627324 .82258213 —8._262 .oooD
LOGADT 1.02895535 .07202110 14 287 .oo0D 9.95899822
LOGLH i1.00000000 ... .. {(Figed Parameter). ... ...
LTLANES . 20462452 10120727 2.022 0432 2.15796831
LT IS ¥l .09641763 .02366126 4 D75 oooo0 2.11230196
RT_IS ¥I — . 10679965 _D3037240 —3 _516 ono4 2.14818267
DES_SP —_ 03300736 . 00410671 —8_037 noon L _DD46598
HETW¥TL —.56033415 11610620 —4 _B26 oooo 18406337
HEPAVE —.35904379 10732198 —3 . 345 ooog . 26048462
HEHFPAVE —.35551370 .13249084 —2.683 0073 27213420
HESTRUC —1.73799328 .64923643 -2 . 677 0074 07921715
HEBRATL 1.52499364 .592785%96 2.573 0101 .08154706
HEHOBARR .39115749 19130100 2 _ D45 n409 84529357
SCL —_ 83362501 15089729 —-L . 524 ooon 07548928
¥YEH 1.17648188 . 38777743 3.034 noz24 .03308481
RIV —.43128692 15536964 —-2.776 0055 .09506058
SBD .52663510 13920890 3.783 ooo2 .08946878
HER —. 633765306 25557518 —2 _480 0131 .0D4287046
INP —.63901699 14447489 —4 423 oooo 10764212
RT23 —1.59965413 47976875 —3.334 o009 .02122088
RT18 —_.73493626 22809227 —3_.222 noi3 02935694
RT74 . 96888080 21469348 4 513 oooon .D3867661
————————— +Dispersion parameter for count data model
Alpha | 1.51171645 .08710103 17._356 oooo



All-Districts: Urban Four-lane
Total Noninjuries

Hormal exit: f iterations. Status=0, F= 8887 .590

SPF 1 —

Hegative Binomial Regression

Dependent wariable TOTALNI
ILog likelihood function —3887 59015
Festricted log likelihood -12115.03303
Chi =zguared [ 1 d.£f.] 6454 8BLTT
Significance lewvel .goooo
MzFadden Pseudo E-=sguared 2663998
Eztimation based on N = L3, K = 3
Inf Cr AIC = 17781 2 AICAH = 3.033

Hodel eztimated: Jul 21, 2014, 183:13:G54
HegBin form 2; P=i(i) = theta
Tests of Model Restrictions on NHeg.Bin.

Hodel Logl ChiSguared[df ]
Foiz=on({bh=0] —20163 .13 *%%%EEEE [ ¥
Foi=z=on —12115.03 le0%s .2 [ 2]
Hegatiwve Bin. —28a87 .59 6454 .9 [ 1]
| Standard FProb. 95% Confidence
TOTALNI Coefficient Error = |=| »Z* Interval
Con=ztant —0 . G971 0%xx .34997 —15.99 0000 —6.28302 —-4.91117
LOGADT 72815 %%x 03333 21.85 0000 L BRZE3 79347
LOGLH 1 (Fixed Parameter).. ...
Disper=sion paramster for count data model
Alpha 1. 67035%%x .05z2aa 31.59 0000 1. 56671 1.77400
Hote: %% %% * ==: Significance at 1%, GX, 10X lewel.
Fized parameter ... i= constrained to equal the walus or

had a nonpo=sitiwve =t . error becausse of an earlier problem.




All-Districts: Urban Four-lane SPF 1 —
Total Fatalities

Hormal exit: b i1teration=s. Status=0, F= 7567721

Hegatiwve Binomial Fegression

Dependent wariable TOTALFA
Log likelihood function —756 . 77208
Feztricted log likelihood —766 04851
Chi sguared [ 1 d.£f.] 18 55285
Significance lewvel Lgonnz
McFadden Pseudo E—=guared 0121094
Eztimation baszed on H = Lar7. K = 3
Inf Cr AIC = 1519 .5 AIC-H = L2819

Model eztimated: Jul 21, 2014, 18:15:31
HegBin form 2: P=i(i) = theta
Test=z of Model Restriction=s on Neg.Bin.

Hodel Logl ChiSguared[df ]
Poiz=zon(b=0) =979 .39  ®®xEXXNXNX [ €]
Poi==on —766.05 426.7 [ 2]
Hegatiwe Bin. —756 .77 13.6 [ 1]
I Standard Frob. 95 Confidence
TOTALFA Coefficient Error = |=| »F= Interwval
Cunstantl —7 . GLO9 7k 1.14533 —&.60 .0000 —9.80378 -5.31416
LOGADT CBE0705*xx 10836k 4 8 0000 L 29468 C71942
LOGLH 1.0 ... (Fixed FParameter).....
Dizpersion paramster for count data model
Alpha 1. 30775%%x% .31R49 4. 13 0000 L RA744 1.92806k
Hote: %% *x%, * == Significance at 1¥, L, 10X lewvel.
Fized parameter ... i=s constrained to equal the valus or

had a nonpo=itiwe =t error hecaus=e of an earlier problem.




All-Districts: Urban Four-lane
Total Injuries

Hormal exit: ? 1terations. Statu=s=0, F-= 2984 284

SPF 1 —

Hegative Binomial Hegres=ion

Dependent wariable TOTALIN
Log likelihood function —3954 78375
Festricted log likelihood -12228.81810
Chi =guared [ 1 d.£.] 6549 . 06871
Significance lewvel .goooo
McFadden P=eudo F-=quared S WA
Eztimation based on H = 5R77. K = 3
Inf . Cxr AIC = 17914.6 AICAH = 3.048

Hodel estimated: Jul 21, 2014, 18:15:47%
HegBin form 2; P=i(1i) = theta
Tests of Model Festrictions on Heg.Bin.

Model Logl ChiSguared[df ]
Poisson(b=0) —20465 . 82 exex®®NN [ 3%
Pois=on —-12228.82 led74 .0 [ 2]
Negatiwve Bin. —8954 28 6549 .1 [ 1]
| Standard Frob. 95% Confidence
TOTALIN Coefficient Error zZ |z | »Z% Interval
Cunstantl -5 52897 %xx .348149 -15.88 0000 —-6.21142 -4 . 84653
LOGADT L T22hdxxx 03316 21.79 0000 .BE76E L787R3
LOGLH 1.0 ... (Fixed Parameter).....
Dizpersion paramseter for count data model
Alpha 1 GEEHd%xx 05253 31.77 .0000 1. 56587 1.77180
Hote: **%, ** * == DSignificance at 1¥, 5¥, 10% lewvel.
Fixed paramseter ... 1= constrained to equal the walues or

had a nonpo=sitiwve =t . error because of an earlier problem.




All-Districts: Urban Four-lane

Total Fatalities

SPF 2 —

Poi=z=on REegress

10n

Dependent wariable TOTALFA
Log likelihood function —hd46 . 94541
Fesztricted log likelihood —906 . 28645
Chi =guared [ a8 d.f. ] §l8.68208
Significance lewvel .gooon
McFadden Pseudo F—=guared 2861579
Esztimation ba=zed on H = £ay?, K = 9
Inf Cr AIC = 1311.9 AIC-H = L224
Hodel estimated: Jul 22, 2014, 13:22:58
Chi- =guared = 3649.17361 R=gPF= .5395
G - =zguared = 932 18635 R=gh= . 3575
Cwerdiszpersion tests: g=muii) .833
Overdispersion tests: g=mui{i)™2: 2. 217
Standard Frob. 95% Confidence
TOTALFA Cosfficient Error |z | »Z* Interval
Constant —9 . 11754%%% 1.23208 =7 .40 ooon —-11 53234 —-r 70275
LOGADT CBEZ2]1G%%x 11867 5.50 ooon .41957 _AEd74
LI 1.0 ... .(Figed Paramster).....
LT 05 Wl L1841 %= 13249 2.59 oo9e .Q2049 .14786
ETLANES — . 03424 %xx .13e49 -2 .86 oo4z .39975 —.16874
La  7ERGd%%x 26179 2 .89 o039 c24344 1. 26965
S5TA L9721 d %% C366R07 2 BhB o079  254RE 1. 68962
SDIEGD P10l %% 27603 2.59 oo9e 17410 1. 25613
RTZ95 1.98305%%x .38401 §.1e gooo .23041 2.735619
ET1z2 C9139] wwx S32190 2. 84 o045 _28300 1. 54483
Hote: **x  x%x % ==: Significance at 1X., 5¥X., 10¥ level.

Fized paramster

iz constrained to equal the valus or
had a nonpositive =t.error because of an earlier problem.




All-Districts: Urban Four-lane SPF 2 — Total Injuries

Hormal exit: 34 iterations. Statu=s=0, F= BEEZ . 63Y|
Hegative Binomial REegression

Dependent wvariable TOTALIH

Log likelihood function —B662 . 63453

Festricted log likelihood -10991.75057

Chi squared [ 1 d1£f.] 4658 23208

Significance lewvel .gooon

McFadden Pseudo E—=guared .2118967

Eztimation based on H = 5877, K = 27

Inf Cr ATC = 17379.3 AIC-HN = 2957

Hodel estimated: Jul 22, 2014, 04:04:12
HegBin form 2: P=ili) = theta
Te=zt= of Model Festrictions on Heg. Bin.

Hodel Logl ChiSguared[df ]
Poissonihb=0) —20465 B2  exmexxxx [2x]
Poi==on -10991 .75 18948 .1 [26]
Hegative Bin. —8662 .63 4658.2 [ 1]
Standard Prob. 95k Conf idence
TOTALIN Coefficient Error = |z | >E= Interval
Con=tant —6 . GE04 5% 42718 -15.36 .0000 -7.39771 -5.72318
LOGADT C9931 D .03g31 25.92 0000 .91802 1.0681%9
LOGLH Lol v (Fixed Parameter). . ...
DES SP — 0270C2%%xx 00264 -10.41 o000 —. 03271 —-. 02234
HETWTL — 35301 12916 -2 .73 0063 — . B0614 —. 09987
ET15G — G30h0%exx .18915%5 —2.83 0045 —. 90640 —. 16495
RTZ210 — . B04103%*= L22970 —-2.19 0282 —. 95430 —. 05390
RT105 CEE0G 7 25897 2.13  .0335 .04301 1.05813
ET2 —1 4433 2%=x L24710 -5 84 0000 -1 92762 —.95901
BT13E 1.10340= CBR343 1.94 . 0B03 —. 00124 2. 20809
RT13 L BE03 7 exx 26940 3.19 0014 .33236 1. 33838
ET949 — 23920%%x=x .0el44 —-3.89 0001 —. 35970 -.11871
RT101 — . Chd3dxxx .06g44 —-8.49 0000 — . b9457 —. 43411
Li . 3921 9% 08636 4 54 0000 L22293 .Bbl144
SOH L4066 Nxxx 09321 4. 36 0000 .22391 .BB928
ALA — . 7041 4= .12584 -5 &0 0000 — . 95078 — . 45750
YUB — 731ld4===x 24136 —-3.03 0024 —-1.20450 — 258318
HECONHCG —. 4918 4%xx 13223 —-3.72 .0002 —. 75100 - 23267
HEBEAH 71217 %% 16853 4 .23 0000 .38186 1.04248
HESTRUC — bhd31xxx 11414 -5 &2 0000 — . BaEBOZ2 — . 44060
MEDIT —1 . 9698 3= 78866 —2. 50 .0125 —3.51557 —. 42409
MESGR — . 74715%%=x 17316 -4 31 0000 —-1.08654 - 40777
HMENPAVE — G405 1=xx .09144 -5.91 .0000 —. 71972 —-. 36129
HEPAVE — 59110 .0ee3g -6 .69 0000 —. 76438 —-. 41791
HEST — . 3539 0%xx 10306 —-3.43 0006 — . GE597 —. 15200
MEDD WI — 0065 1%*xx 00115 -5 .64 0000 —. Qng?’? —. 00425
LTLANES 3482 7xxx 06935 .02 o000 L21234 .48420
Di=per=ion parameter for count data model
Alpha 1.28092%%% .04329 29.59 0000 1.19608 1.36577




All-Districts: Urban Four-lane SPF 2 —Total Noninjuries

Hormal exit: 34 iterations. Statu==0., F= 2596 . 3619
Hegative Binomial Regression

Dependent wvariable TOTALHC

Log likelihood function —3596 . 369318

Festricted log likelihood -10888.80273

Chi =guared [ 1 d.£.] 4584 BBETL

Significance level Loaoon

MzFadden Pseudo E—=guared 2105313

Eztimation based on H = Gael3,. K = 27

Inf Cr AIC = 17245.7 AIC-H = 2.942

Model estimated: Jul 22, 2014, 04:05:24
HegBin form 2; P=i(i) = theta
Testz of Model Restrictions on Heg.Bin

Model Logl ChiSguared[df]
Pois=on(b=0) —20163 .13 e [x]
Poi==on —-10888.80 18548 .7 [26]
Hegatiwve Bin. —8596 .37 4584 .9 [ 1]
Standard Prob. 95k Confidence
TOTALNI Coefficient Error z |z | »Z% Interval
Con=tant —6 . 598 00%%x . 42836 -15.40 0000 -7 43757 -5 . 75842
LOGADT 1.0007 e .038E51 25.99 0000 C92523 1.07619
LOGLH 1.0 ... (Fixed Parameter). .. ..
LES SF — . 02845%x* 00266 -10.70 0000 —. 03367 —. 02324
HMETWTL — . 3663 ]lexx 12965 —-2.83 0047 —.b2092 —-. 11270
ET15 — GEGEGh*x* .1lagze -2.95 0032 —. 92455 —.18658
RTz210 —. 47209%= . 23630 —2.00 0455 —. 93584 —. 00954
ET105 G703 *% .25924 2.22 0265 06726 1.08347
ETZ2 —1 . 40317 %% . 24734 -5 .67 0000 —-1.88794 —.918341
ET135 1. 111660%: .5Rd01 1.97 0487 C00ge21 2.21711
RET13 L B7FE2wxx . 2B960 3.25 0011 .34911 1.405493
RT949 — . 2447 9%xx .0rlE9 —3.% 0001 —. 36610 —.12348
ET101 — GLOg2aexx 0654 —-8.41 0000 —.B9023 —. 42941
LA L3642 T e 08757 4. 1s 0000 19264 .53590
SOH 40940 09301 4 40 0000 22711 .59169
ALA — . 706hdxxx 12573 -5 .62 0000 —. 95307 —. 46020
YR — 7250 ]1%xx .24100 —3.01 0026 —-1.19786 —. 25316
HECOHCG — 47797 %xx 213341 —-3.58 0003 —. 73945 —. 21650
MEBEAM 71961 %% .1eB79 4. 26 0000 . 38878 1.05044
MESTREUC — . B5A7 Jexx 211399 -5 .76 .0000 —. 88014 —. 43332
MEDIT —1 .95985=x LTR722 -2.49 0128 —-3.50278 - 41692
MESGE — 77110%x* 17232 -4 .47 0000 -1.10883 —. 43337
MEHFPAVE — . 5401 Jeexx 09120 =5.92 0000 —.7laa8 —.36139
HEPAVE — D937 4%xx 08826 —-6.73 0000 —. 76674 —. 42075
MEST — . 36092%xx 10307 —3.50 0005 —. 56294 —.158490
MED WI — 0063 7%xx .0011e -5 .50 .o00o —.008k4 —.0oo410
LTLANES . 3491 pxxx .0B993 4.99 0000 C21211 48621
Di=zper=sion paramseter for count data model
Alpha 1. 2797 0%xx .04345 29 .45 0000 1.19461 1.36495




All-Districts: Urban Five, Six, and Seven-lane

SPF 1 —Total Noninjuries

Hormal exit: g iteration=s. Statu=s=0, F= 7185 . 647

Hegatiwe Binomial Hegression

Dependent wariable TOTALNI
Log likelihood function —-7185 . 64728
Festricted log likelihood 10077 .93490
Chi sguared [ 1 d.£.] L7784 57523
Significance level Lnooon
McFadden P=eudo E—=quared 2869921
Eztimation bazed on H = 4053, K = 3
Inf Cx AIC = 14377.3 AIC/H = 3.547

Model estimated: Jul 22, 2014, 14:59:14
HegBin form 2; P=ii{i) = theta
Te=st= of Model Hestriction= on Heg. Bin.

Model Logl ChiSguared[df ]
Poi=z=oni{b=0) —20626 .43 =xxxxxxx [¥xx]
Poi==on —10077 .93 21097 .0 [ 2]
Hegatiwe Bin. —7185 .65 74 .6 [ 1]
I Standard Frob. 95 Confidence
TOTALHI Coefficient Error = |z | »Z% Interval
Cnnstantl —7 0551 3%xx . 32979 —21.39 0000 =7.70151 -6.40876
LOGADT . 36631 ®xx .02911 29 .76 .0000 . 80925 .92338
LOGLH .o L. (Figed Parameter). . ...
Disper=icon parameter for count data model
Alpha 1.29023%%x 04731 27 .27 .0000 1.197E55 1.38301
Hote: **;, #% ¥ ==3 Significance at 1X, L¥, 6 10k lewel.
Fized parameter ... 1= con=strained to egqual the walus or

had a nonpositive =t.error because of an earlier problem.




All-Districts: Urban Five, Six, and Seven-lane
SPF 1 — Total Fatalities

Hormal e=xit: 7 1lteration=. Statu=s=0, F= £E73.6857

Hegatiwve Binomial REegres=ion

Dependent wariable TOTALFA
ILog likelihood function -573. 68573
Festricted log likelihood =LB2. 37093
Chi sguared [ 1 d.f.] 17 37040
Significance lewel .goon3
McFadden Pssudo RE—=guared .0149135
Eztimation bazed on N = 4065, K = 3
Inf Cr AIC = 1153 .4 AIC~N = L2814

Model eztimated: Jul 22, 2014, 14:59: 76
HegBin form 2: P=i(i) = theta
Test= of Model Restriction=s on Heg. Bin.

Hodel Logl ChiSguared[df]
Pois=on(b=0) 710,47  esexxuxr [#x%]
FPoi=s=on —5g2. 37 256.2 [ 2]
Hegatiwe Bin. -573 .89 17 .4 [ 1]
I Standard Frob. 95 Confidence
TOTALFA Cosfficient Error z |z | »Z= Interval
Constant —9 . 4097 dxxx 2. 20034 -4 28 0000 —-13. 72232 -5.0971%
LOGADT LBT74Z20Exx .192348 3.50 .000%5 L29722 1.05134
LOGLN .0 ... (Fixed Parameter). . . ..
Dispersion parameter for count data nodel
Alpha 1. B0900%kx C4R702 3.87 0001 . B936R 272434
Hote: %%, #%x % ==; Significance at 1¥, 5X. 10% lewsl.
Fixed parameter ... i= constrailned to equal the values or

had a nonpositive =t . error because of an esarlier problem.




All-Districts: Urban Five, Six, and Seven-lane
SPF 1 —Total Injuries

Hormal exit: 8 iteration=s. Status=0, F= Y225 .873

Hegative Binomnial Regression

Dependent wariable TOTALIH
Log likelihood function 7225 87305
Festricted log lilkelihood -1012858.09519
Chi squared [ Lioduigend] La0d. 44423
Significance lewel Lgooon
HcocFadden Ps=sudo E—=guared .28B5516
Eztimation based on H = 4065, K = 3
Inf Cr AIC = 14457 7 AIC/H = 3.557

Hodel estimated: Jul 22, 2014, 14:59:329
HegBin form 2; P=i{i) = theta
Te=zt= of Model Festriction= on Heg . Bin.

Hodel Logl ChiSguared[df ]
Pulos=on{li-07) —2052353 .00 wswsorswsess [ewn]
Foiz=on 10128 .10 21389.8 [ 2]
Hegative Bin. 7225 87 §a0d4 4 [ 1]
I Standard Frob. 95% Confiderce
TOTALIN Coefficient Error z |z | >Z= Interval
Cunstantl —7 . 08Gdn=xx . 32885 -21 .85 0000 =7.73000 —&. 44093
LOGADT CBR9d9%xx 02904 29 95 00oon _B1259 C9ZR40
LoOGIH Lol ey (Fized Parameter) ... . .
Dizper=ion parameter for count data model
Alpha 1. 28200C%%x= 04694 27.332 .0000 1.1908¢6 1.27484
Hote: #%%, %%, % ==: Significance at 1%, §&, 105 level.
Fixed parameter ... 1= constrained to egual the walus or

had a nonpo=itive =t error because of an earlier problem.

| - negbin;lhs=pdoc;rhs=one. logadt, logln;rst=al.a2.1.a35




All-Districts: Urban Five, Six, and Seven-lane SPF 2 — Total Noninjuries

Hormal exit: 34 iteration=. Statu=s=0, F= 7025 . 832

Hegative Binomial REegression

Dependent wariable TOTALNI
Log likelihood function —7025 83202
Festricted log likelihood —9269.03317
Chi =guared [ 1 d.f.] 4486 40229
Significance lewvel Lgoooo
HcFadden Pseudo RE—=gquared 2420103
Eztimation based cn N = 4053, K = 25
Inf Cr AIC = 14101.7 AIC~N = 3.479

Hodel estimated: Jul 22, 2014, 19:01:22
HegBin form Z2; P=i(i) = theta
Test=s of Model Restriction= on Heg.Bin.

Hodel Logl ChiSguared[df ]
Poiz=oni{b=0) —20626 .43 ®xxxxxxx [*3x)
Poi=z=on —-9269 .03 22714 .8 [24]
Hegatiwve Bin. —7025 .83 44864 [ 1]
Standard Frob. 95% Confidence
TOTALNI Coefficient Error = |z | »Z= Interval
Constant =7 . 33725%%x 40952 -17 .92 .0000 —-8.13988 -5 . 5346l
LOGADT 1. 0247 3%%x 039354 25.92 0000 .94723 1.10223
LOGLH 1.0 ... (Fized Parameter).... .
DES 5P —. 018543k 00363 —5.04 000D —. 02574 —. 01133
LHCSFPEC — . 1995 0%%%x 05571 —-3.58 0003 —.apeyo —. 09031
SF 54909k 15563 3.53 0004 . 24395 .BG422
SCL —. 19391 % 09225 —-2.10 0356 — 37472 —. 01309
SLo —. 7067 0% . 35549 —-1.99 _04e68 —1.40344 —.0o99g
MEST -1 41225%%* .47394 —2.98 0029 —-2.34115%5 - 48335
HED WI — . Q051 9%%x .aooan —&.47 0000 —. 00?7 —. 00362
RLTR L3362 ke G i e 2.85 0043 105837 56709
FLA —.78199%%% 22703 —3.44 000 —-1.22697 —. 33701
SUT 1. 03660%x 40256 2. .57 0100 247549 1. 82562
FRE 59995 10453 5.74 0000 .39493 .80492
Li 28Rl .0e4889 4 40 0000 15826 1262
RTES 1. 40387 %% 28656 4. 90 0000 .B4222 1.96551
ET44 2. 5006 0%%xx C4B883 5.33 0000 1.58171 3.41948
RTZ4 — . 719250%%x .23814 —3.02 .0025 —1.18&600 —. 25250
ET14 — . 4692 0kex 14471 —-3.24 0012 - 75291 —. 18564
RT178 1. 04453%%% C25126 4 16 0000 CBR207 1.53700
RTZ3 C9075 0% 3|51z 2.3 0185 152648 1 66232
RT71 —. 7767 0= 35962 —2.1e  .0z08 —-1.48154 —. 07185
ETZ215 .B0925%ex 11561 5.27 0000 .38265 .B3585
RT905 —1 . S0059%*x CEOST0 —2.97 00320 —2.491714 —. 50944
ETZ261 —1 0O5529% 473583 —2.23 0258 —-1.98340 -.12718
Dizper=sion paramnster for count data nodel
Alpha 1. 06987 %%ex 04250 25.17 0000 .98657 1. 15317




All-Districts: Urban Five, Six, and Seven-lane
SPF 2 — Total Fatalities

Pois=zon Eegres=ion

Dependent wariable TOTALFA
Log likelihood function -Leg. 77928
Festricted log likelihood —710.47424
Chi sguared [ 7d.f.] 287.38991
Significance lewsl .ooooo
McFadden P=eudo E—=guared 2022522
E=ztimation based on H = 14065, K = g
Inf Cr AIC = 1149 . 6 AICAN = L2813
Model estimated: Jul 22, 2014, 19:46:45%5
Chi— =guared = 5929 82023 FR=gPF=-.0339
i3 — =guared = 837 . 38395 R=gD= . 2555
COwverdispersion tests: g=mulil) :1.835
Overdispersion tests: g=mu{i1)72: 2.825
Standard Frob. 95 Confidence
TOTALFA Coefficient Error |z | »Z= Interval
Constant —12 4793%xx 2. 062910 —6 .05 aooo —-16. 5226 —-2.4361
LOGADT L9163 9% 17767 £.1le oooo .56A15 1. 26462
LOGLH 1.0 ... . (Fixed Parameter). .. ..
RT20% 1. 69025%= C73293 2.31 nz211 L 25362 3.12687
RET125 1 dB769%x% .B03R4 2,89 ao3s 47076 2 46462
RTE7 2. 39907 exn .7lael 3.34 ooog L99122 3.80813
RT3G 2. BE25 1%k 1.03836 2. 78 O0&5 84738 4 9176k
RT99 L9294 2 exn 196413 4 73 oooo .54433 1. 31452
MECTHER 1. 6365 5%e .53526 2.80 nog2 .43946 2.78363
Hote: %xx  *x  * ==: Significance at 13X, LX, 10X level.

Fixzed parameter 1= constrained to egual the walus or
had a nonpositive =t . error because of an earlier problem.




All-Districts: Urban Five, Six, and Seven-lane SPF 2 — Total Injuries

Hormal exit: 34 iterations. Status=0., F= 7066 .124

Hegatiwve Binomial Regres=ion

Dependent wariable TOTALIN
Log likelihood function -7066.12367
Festricted log likelihood —9320.62993
Chi =guared [ 1 d£.] 4509 01252
Significancse leval .ooooo
HcFadden F=eudo F—s=gquared .2418835
Eztimation based on H = 4085, K = 25§
Inf Cr AIC = 14182 2 AIC/H = 3.489

Hodel eztimated: Jul 22, 2014, 19:00:14
HegBin form Z2; P=i1(1) = theta
Tezts of Model Restrictions on Heg. Bin.

Hodel Logl ChiSguared[df ]
Foisz=oni{b=0) —20823 .00 seskkexnnx [ %]
Foi=z=on —9320 .63 23004 .7 [24]
Hegatiwve Bin. —-7066.12 4509.0 [ 1]
Standard Frob. 95¥ Confidence
TOTALIH Cosfficient Error = |z | »Z= Interwval
Con=tant —7 . 35290%*xx 40765 —1a.04 0000 —8.15195 -6 . 55400
LOGADT 1. 02460%%% .03938 26.02 0000 .94741 1.10179
LOCLH 1.0 oo Fizmcd Poromctor) . .. ..
DES 5P — 01815 00366 —4 .95 0000 —. 02533 —. 01096
LHOSFEC —.197250%%% .05545 —-3.56 0004 —. 30592 —.Qge5s
SF CE189 e .15151 a.42 0006 C221495 .81587
SCL —. 1981 2%= .09182 —-2.16  .03210 —. 37809 —.01815
SLo —. 7163 3%= 35479 —-2.02 0435 -1.41171 —. 02096
HEST —1.39761%%xx 47043 —-2.97 0030 —2.31964 — 47557
HED WI — . O0525%%x .gooan —-6.5%Y 0000 —. 0neal —. 00368
ELTE L3304 %% .11755 2.81 .0049 .1o009 .BR087
FLA — . 7905 0exx L22231 —-3.56 0004 —-1.22630 — . 35485
SUT 1. 0363 3%xx 40134 2. .58 0098 .24971 1.82296
FEE CB96 T 0eex 10442 .71 0000 .39204 .80136
LA C28305%xx 06473 4 37 0000 15617 40992
ETeS 1. 40493%%% 28253 4 97 0000 .8G117 1.95868
RET44 24929 9% %% 46730 5.33 .0000 1.57710 3.40889
ETZ4 — 7277 bxxx C23738 —-3.07 o022 —-1.19302 —. 26250
FET14 —. 4694 9%%%x .144573 —-3.25 0012 —. 78276 —. 18622
RT170 1.00400%xxx 20000 4.17 .oooo .D42722 1.52000
RETZ23 .9006 7xx .38329 2. .35 0188 14943 1.65191
RT?1 —. 7842 9%= .35839 -2.19 .0Z86 —1.48672 —.nga187?
ETZ215 L B172h%xx 11539 5.35 0000 .39109 .84343
RT905 —1.442] 3%xx .45648 —-3.1e 0016 —2.33686 —. 54749
ETZ61 -1 064E5%*= 47270 —-2.25 0243 —-1.99105 —-.13811
Dizpersion paramncster for count data model
Alpha 1. 0n389%ex 04215 25 .24 0000 .98129 1.14650




All-Districts: Urban Eight Plus-lane
1 — Total Noninjuries

Hormal exit: 16 i1terations. Status=0, F= 13093.87

SPF

Hegatiwve Binomial Fegres=sion

Dependent wariable TOTALNT
ILog likelihood function —13093 . 86812
Festricted log likelihood -17716.978340
Chi sguared [ 1 d.£.] 9246 . 22055
Significance lewel .gooon
McFadden Pseudo E—=quared 2609424
E=ztimation based on H = Le93. K = 3
Inf Cr AIC = 286193.7 AIC-H = 4 601

Model e=stimated: Jul 23, 2014, 02:02:11
HegBin form 2; P=i{i) = theta
Test=z of Model Eestriction= on Neg. Bin.

Hodel Logl ChiSguared[df ]
Pois=on({b=0) —39988 .00 exxxxxxx [%x]
Foi==on -17716 .98 44542 0 [ 2]
Negatiwve Bin. -13093. 87 9246 .2 [ 1]
I Standard Frob. 95 Confidence
TOTALNI Coefficient Error = |z | »Z% Interval
Cnnstantl —11 6713%xx 34352 —-33.98 .0000 —-12.3446 —-10.9980
LOGADT 1.24437%%x .0z2844 43.75 0000 1.13862 1.30011
LOGIH 1.0 .. (Fized Parameter). .. ..
Disper=ion parameter for count data model
Alpha LT221 0% .01391 6. 283 .0000 . BB316 L7Be120
Hote: #*#%%, %% % ==: Significance at 1¥, 5%,  10% lewvel.
Fixed parameter ... 1= constrained to squal the wvalus or

had a nonpositiwve =t . error because of an earlier problem.




All-Districts: Urban Eight Plus-lane SPF
1 — Total Fatalities

Hormal exit: g iteration=s. Status=0, F= 1015 . 373

Hegatiwe Binomial Eegre=s=sion

Dependent wariable TOTALEA
Log likelihood function —1015.37234
Festricted log likelihood —1025 59524
Chi =quared [ 1 d.f.] 20.44481
Significance lewvel Loonnl
McFadden Pseudo E—=guared 00996873
Eztimation based on H = 5700, K = 3
Inf Cr AIC = 2036.7 AICAH = . 357

Hodel estimated: Jul 23, 2014, 02:02:27
HegBin form 2; P=i(i) = theta
Test= of Model Festrictions on Heg Bin.

Hodel Logl ChiSguared[df ]
Fois=s=oni{b=0) —1225 .49 %xekExXE [ X%
Fois=on —-1025 .60 399.8 [ 2]
Hegatiwve Bin. -1015 .37 204 [ 1]
I Standard Prob. 95% Confidence
TOTALFA Coefficient Error = |z | 5= Interval
Cunstantl —9 . 04140%%x 2. 22603 -4 0 0000 -13.40434 -4 67847
LOGADT LBIZ20%xx .18364 .44 0006 27208 .99195
LocLH 1.0 ... (Fized Parameter).....
Dizpersion parameter for count data model
Alpha 1. 3356 3%%x S37143 3.60 0003 CBO76E 2 06362
Hote: #*x%x, %%, * == Significance at 1Xx, L&X, 10X level.
Fixed parameter ... iz constrained to egqual the walue or

had a nonpo=itiwve =t error becausze of an earlier problem.




All-Districts: Urban Eight Plus-lane

1 — Total Injuries

SPF

Hormal exit: 16 iterations. Status=0, F= 13138 .61
Hegative Binomial Regression
Dependent wariahble TOTALIN
Log likelihood function -13138.60918
Festricted log likelihood -17764.69028
Chi sguared [ 1 d.f£.] 9282 . 16220
Significance lewesl .oonoo
HcoFadden P=eudo R-=gquared 2604088
Estimation bazed on H = Lr00, K o= 3
Inf Cr AIC = 26283 .2 AIC-N = 4,611
Model estimated: Jul 23, 2014, 02:02: 46
HegBin form 2;: P=i{1) = theta
Tests of Hodel Restrictions on Heg.Bin.
Hodel Logl ChiSguared[df]
Pois=zon(b=0) —40257 .04 sexexxxx [#x]
Poi==on —-17764 69 44984 7 [ 2]
Negative Bin. -—-13138 .61 9252 .2 [ 1]
Standard Frob. 95 Confidence
TOTALIN Coefficient Error z |z | »Z* Interwal
Con=stant —11 6276%%xx .34287 —-33.91 0000 —-12.299% —-10. 9556
LOGADT 1. 2413 %%%x L02339 43 .73 .0000 1.18575 1.29703
LosLH 1.0 ... (Fized Parameter).....
Dispersion paramster for count data model
Alpha C71E19%xx 01972 a6 .47 0000 CB7955 .7h6aad
Hote: =xxx  *x, x ==: GSignificance at 1¥%. LX, 10% lewvel.

Fized parameter 1= constrained to equal the values or

had a nonpositive st . error because of an earlier problem.




All-Districts: Urban Eight Plus-lane
SPF 2 — Total Fatalities

Fois=on Regres=sion

Dependent wariable TOTALFA
Log likelihood function —973.47059
Fesztricted log lilkelihood —-1204 48431
Chi sguared [ 10 d.f.] 462 02745
Significance lewvel .ooaoo
HcFadden P=eudo E-=guared 1917947
Eztimation bazed on N = LR93. K = 11
Inf Cr AIC = 1968 .9 AIC-H = 346
Hodel estinated: Jul 23, 2014, 18:24:0%
Chi- sguared = 6321 78433 RsgF= 1637
5 — s=guared = 1425 10517 R=gh= 2448
COrerdispersion tests: g=mu(il) 2.912
Cyverdispersion test=s: g=muf{i)"2: 1. 885
Standard Frob . 95 Confidence
TOTALFA Cosfficient Error = |z | »Z= Interval
Constant —11 953 ]1%xx 2. 45858 -4 .87 oooo —-16.7819 —-7.1444
LOGADT .B63419xx .19794 1. .39 oooo .43052 1.25645
LoSLH 1.0 ....Fixed Parameter).....
RET29 L2301 2== .B1257 2.41 Nled .23050 2.23973
ET15 L4421 5% 20955 e n348 03147 .BEZ2819
RTZ10 PR332 Ex .36457 2.07 naaga 03877 1.46787
RT405 7RG .33361 -2 .28 nzza -1.41291 —.1l0518
RT22 03494 %xx .7148a0 2,92 no3s . BE395 3.48594
RT10 . BE115 7= 17753 2.88 ooan 16362 .35952
SF CO0BAD=x .418749 2.41 01le0 187749 1. 82942
EHOSPEC L2816 0%= .13953 2.02 n43c6 .a0e13 .55506
RT_IS WI 031G 01750 —2.07 n3az —. 07047 —. 00189
Hote: =**%x, %%, % == Significance at 1%, 5%, 10% level.

Fizxed parameter iz constrained to egqual the walue or
had a nonpo=sitiwve =t error because of an earlier problem.




All-Districts: Urban Eight Plus-lane SPF 2 — Total Noninjuries

Hormal exit: 38 iteration=. Statu=s=0, F= 12913 .23
Hegative Binomial Fegression
Dependent wariable TOTALHI
Log likelihood function —12913 23166
Festricted log likelihood -16854 054213
Chi =quared [ 1 d.f.] 7881 64523
Significance level Looooo
HoFadden Pssudo F—sguared L2338205
Eztimation bazed on H = Le33, K = 30
Inf Cr AIC = 2G5886.5 AIC-N = 4 547
Model estimated: Jul 23, 2014, 03:29:30
HegBin form 2; P=i{i) = theta
Testsz of Model Restrictions on Heg . Bin.
Hodel Logl ChiSguared[df ]
Pois=on{b=0} —39988 .00 exxxxxxx [x%]
Poi==son —-16854 .05 46267 .9 [29]
Hegatiwe Bin. -—-12913 23 7E881.6 [ 1]
Standard Frob. 95 Confidence
TOTALNI Coefficient Error |z | »Z= Interval
Constant —11 GlE3=xx 46426 —24 81 nooo —-12 4762 -10. 6063
LOGADT 1. 2390 0%%x 03821 32 .45 nooo 1.16499 1. 31478
LOGLH Lol s (Fixed Faramester). .. . .

FEE LB2320ex .24588 2.532  .0113 .14128 1.10512
RTZ210 — . 2B7dd%xx 09244 -3.11 noi9 —. 46861 —. 10626
RTZ280 — 2987 %%xx .08153 —-3.66 non3 — 45808 —.13850

RTZ24 — . d7d7Eenx 13301 -3.57 0004 —. 73544 —.21407
RTZ29 2 BI40Exxx .34479 7.64 noon 1.95878 3.31034

La 08900 exx 03244 2.75  .00e0 02548 15265

SF CBl1AT7 Iexx 17131 3.60 non3 C28096 J95249

SAC A0 T exx 06389 767 nooo .36494 .B1539

RIV L1959 3% 07096 2.76 .00G8 .05685 L33501
MED_WI — . 00459 %*x .000e? =-7.02 nooon —. Dos00 —.0n338
LATHEL 1467 3exx .04909 2.99 nnza .05051 L 24296
LTCLL 93852 e .28339 Fodl: non9 .38310 1.49395
RMELDHOV —. 1683 %= 03577 -4 .71 ooon —. 23842 —. 09820
MECTHER CB4990 e 14128 3.89 0001 27308 .82e87
MECABLG — . Bd81 3= 41269 -2 .08 0399 -1 65698 —. 03927
MEERATL — . d4140%xx 06611 —-6.68 nooo —. 57097 —.31183
MEGRATILL —. 33599 %= 16099 —-2.09 0389 —.kE5151 —. 02048
MECONCE — G435 %xx 19064 -2 .85 nn44 —. 91722 —.18993
MECOHNCE 202 1nee L0ed400 .16 .001e 07e72 L327E59
RET14 DRZ23nxxx 13155 4 27 nooo .30453 .82018
SCL L3309 2 %% 07030 4. 71 noon .19314 46871

=) LG9 3 ke .15981 .50 0005 246817 LB7260
RT980 BT 32hxxx . 24337 277 nnsz 19624 1. 15025




All-Districts: Urban Eight Plus-lane
SPF 2 — Total Noninjuries(contd)

RTEE0 | — . 33337 %% 10234 -3.26  .001- —.53395 —-.13279
RTZZ | L3276 0w 42236 Z2.20 D2aC .09380 1.75541
RT110| c23B00%xx 07323 J.22 .0013 09247 37954
RT215 | L4098 d%xx 15636 2.62 .00838 10337 71631
|Dispersion parameter for count data model
Alpha| CBE27 d%xx 01866 J4.98 0000 .B1R17 . BE932
Hote: *xx, x% * ==: Significance at 1%, 5¥. 10% _ewel.
Fixed paramseter ... i= constrained to squal the walue or

had a nonpositive =t .error because of an earlier problem.




All-Districts: Urban Eight Plus-lane SPF 2 — Total Injuries

Hormal exit: 38 iteratiocn=s. Statu=s=0, F= 12956 .00
Hegative Binomial REegression
Dependent wariable TOTALINH
Log likelihood function —12956. 00500
Festricted log likelihood -16896. 66614
Chi =quared [ 1 d.1f.] 7HB1 . 32228
Significance level Loooono
McFadden Pseudo E-—sguared 2332212
Estimation bazed on H = c?00, K = 30
Inf Cr AIC = 258972.0 AIC-N = 4 EEBR
Model estimated: Jul 23, 2014, 03:27:31
HegBin form 2; P=i{i) = theta
Tesztz of HModel Restrictions on Heg Bin.
Model Logl ChiSguared[df]
Poi==on{b=0} —40257 04 wxxxxxxx [xx]
Poi==on —-16896 67 46720 .8 [29]
Hegatiwve Bin. -12956.00 7881 .3 [ 1]
Standard Frob. 95% Confidence
TOTALIN Cosfficient Error |z | »Z= Interval
Constant —11 4G39%%x CAe309 —-24 .73 oooo —-12.361le -10.5463
LOGADT 1 23543%x= 03812 32.41 oooo 1.1c072 1.31013
LOGLH 1.0 ... (Figzed Parameter).....

FRE LBl1287 == 24464 2.81 n1zz2 .13338 1.09236
ETZ10 — 29061 %% .n9188 -3.18 o0ie —. 470689 —.11053
RET:Z80 — . 30765%%xx .nan4ds —-3.83 oooi —. 46529 —. 15001

RTZ4 — 4830 1.x .13284 —-3.64 ooo3 —. 74417 —. 22346
RTZ9 2 62033%x== .34318 764 oooo 1.94771 329294

Li 0917 hxxx 03239 2.83 0046 N2828 15523

SE L BIE9] xxx 16550 3.85 oool C31253 J9B129

SAC C4B7 7 9%xx NB366 7 .66 oooo ~3e300 L B1257

RIV 2067 0%xx 07047 2.93 o034 .0eBEEE 34482

MED WI — . 0047 0%xx nooe? -7 .05 oooo —. 00e01 —. 00339
LAUTHL 14555 %x* 04875 2.99 onz2ae 14999 .24110
LTOLL L2230 %xx S2e08n0 328 oo1o S37200 1.47270
EMEDHOV — 1720 1%%x .03564 —4 84 oooo —. 24247 —.10275
MEOTHER BBl 39%xx 13739 4.09 oooo L29212 .830e7
MECABLG — . B3G5n0xx .39765 =2.10 0356 -1 . 61506 —. 05830
MEEEAIL — 4295 %% NBR1Y9 —h .49 oooo — . 55925 —.29978
MEGREAILL —.3JB61l1G== 15447 —2.34 0194 —. 66390 —. 05840
MECOHCE —. G439 %%xx .18914 —2.88 oo4n —.91471 —.17327
MECOHCE 20458 %xx C0e344 322 oo1a .nanz4d .32892
RT14 CEE2G 0% 13130 4. 21 oooo .29514 .809ag
SCL 33480 %xx CNR988 4 .79 oooo .19789 C47180

S5J . BhE3AGxxx 16049 3.51 oood .24909 a7a2d
RETS980 BRIATxxx L24209 274 noel .18915 1.13811




All-Districts: Urban Eight Plus-lane  SPF 2 —
Total Injuries(contd)

ETEE0O| —. 3342 e== 10179 —3.28 .0010 —.53372 —.13470

RTZ22 | 947 d%% .44908 2.11 0348 CNB766 1.82802

ET110| 23604 %xx N72e2 .25 0012 09371 L37R37

RTZ215 | L3794 0% .15317 248 0132 L079z2e CB79R9

|Dispersion paramnster for count data model

Alpha| LBl In%Ex .01850 35.04 0000 LB1Z209 LB3463
Hote: *%*, %% % ==3 Significance at 1%, &%, 10% lewvel.
Fized parameter ... 1= constrained to segual the walue or

had a nonpositive st.error because of an earlier problem.
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