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Abstract This study tested the hypothesis that the significance of the heterogeneous dispersion parameter in safety
performance function (SPF) used to estimate the expected crashes is affected by the endogenous heterogeneous prior
distributions, and analyzed the impacts of the mis-specified dispersion parameter on the evaluation results for traffic
safety countermeasures. In particular, this study simulated the Poisson means based on the heterogeneous dispersion
parameters and estimated the SPFs using both the negative binomial (NB) model and the heterogeneous negative
binomial (HNB) model for analyzing the impacts of the model mis-specification on the mean and dispersion functions
in SPF. In addition, this study analyzed the characteristics of errors in the crash reduction factors (CRFs) obtained
when the two models are used to estimate the posterior means and variances, which are essentially estimated through
the estimated hyper-parameters in the heterogeneous prior distributions. The simulation study results showed that a
mis-estimation on the heterogeneous dispersion parameters through the NB model does not affect the coefficient of
the mean functions, but the variances of the prior distribution are seriously mis-estimated when the NB model is used
to develop SPFs without considering the heterogeneity in dispersion. Consequently, when the NB model is used
erroneously to estimate the prior distributions with heterogeneous dispersion parameters, the mis-estimated posterior
mean can produce large errors in CRFs up to 120%.
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[Table 1] Safety Performance Function Estimates by Model

NB model estimates HNB model
E(A)  Mean : In(\) Dispersion : In(¢) Mean : In(\) Dispersion : In(¢)
Constant Constant Group indicator Constant Constant Group indicator”

10 *0.0012k‘ -0.6701 B -0.0005 -2.2923 2.2929
’ (0.4910)" (<0.001) (0.7149) (0.9797) (0.9768)
20 0.6935 -0.6872 B 0.6933 -2.3101 2.3210
’ (0.8294) (<0.001) (0.9298) (0.4535) (0.1614)
30 1.0962 -0.6986 B 1.0965 -2.2965 2.2986
' (0.0384) (<0.001) (0.1031) (0.7407) (0.8936)
40 1.388 -0.6979 B 1.3862 -2.3085 2.3145
’ (0.6195) (<0.001) (0.9315) (0.4493) (0.1720)
50 1.6093 -0.6977 B 1.6088 -2.3009 2.3023
’ (0.8630) (<0.001) (0.4648) (0.9197) (0.9433)
60 1.7913 -0.6918 B 1.7920 -2.2987 2.3029
’ (0.6338) (<0.001) (0.7989) (0.6345) (0.8870)
70 1.9461 -0.6947 B 1.9461 -2.3111 2.3066
' (0.8028) (<0.001) (0.8867) (0.1259) (0.486)
80 2.0801 -0.6812 B 2074 -2.2988 2.3024
’ (0.5353) (<0.001) 0.9477) (0.6530) (0.9348)
90 2.1966 -0.67%4 B 2.1970 -2.3107 2.3150
’ (0.5447) (<0.001) (0.8255) (0.0996) (0.1710)
100 2.3026 -0.6700 B 2.3020 -2.3016 2.3082
(0.9931) (<0.001) (0.2634) (0.9242) (0.3422)

* Mean of coefficient parameters

#+ p-values are in parentheses (HO:parameter estimate of each model=true coefficient)
s Prior uncertainty indicator (low heterogeneity=0, high heterogeneity=1)
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[Table 2] Gamma prior estimates by model

NB model estimates

HNB model estimates

E(\) ~ ~ Low heterogeneity High heterogeneity
E() 40 = = - 4
E(\) V(\) E(\) V()
1.0 0.9988 05104 0.999% 0.1009 0.99% 0.99%
2.0 2.0007 2.0133 2.0003 0.3971 2.0003 40451
30 2.9928 44540 2.9937 0.9017 29937 8.9809
4.0 3.9930 79542 3.999%6 1.5903 3.999% 16.0933
50 49993 12.4398 49968 25010 49968 25,0031
6.0 59972 18.0077 6.0014 36158 6.0014 36.1689
7.0 7.0013 244713 7.0013 4.8603 7.0013 487985
8.0 8.0053 324273 7.9997 6.4237 7.9997 64.2255
9.0 89944 41.0093 8.9980 80309 8.9980 81.3125
10.0 10.0001 51.1724 9.9942 9.9981 9.9942 100.5445
= Model NB 9 | / ‘/\ Model NB
. === Model HNB(Low heterogeneity) : i’ 2 === Model HNB(Low heterogeneity)
i \ -------- Model HNB(High heterogeneity) y %Y = GEessiesss Model HNB(High heterogeneity)
i A o~ i 3
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[Fig. 1] Example of Gamma prior distribution by Model
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[Table 3] MSEs of expected crashes by Model

BV Observed EB estimate : E[Aly]
Value 'y NB model ~ HNB model
1.0 0.7048 0.0597 0.0001
2.0 1.1665 0.2165 0.0003
30 1.5338 0.3992 0.0012
4.0 1.8145 0.5887 0.0018
50 2.0962 0.7617 0.0021
6.0 2.3102 0.9217 0.0032
70 24678 1.0667 0.0049
80 2.6905 1.189%0 0.0067
9.0 2.8078 1.3116 0.0077
10.0 29573 1.4373 0.0119
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E[lambda]

——e—- Observed —=— EB_NB o EB_HNB

[Fig. 2] MSEs by Model
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[Table 4] Summary Statistics for CRFs

Observed EB Estimate

value : y NB Model HNB Model
2.5925 -2.653 -0.0054
50.7711 20.291 0.7489

-445.7815 -120.8683 -3.0165
40513 03194
8.6623 0.0058
19.0174 0.3032
75.7632 6.3028

Variable

Mean
Std.dev.

Note: True CRF=0
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