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Abstract: Knowledge of the amount of violence tolerated by the human body is essential when
developing and implementing pedestrian safety strategies. When estimating the potential
benefits of new countermeasures, the pedestrian fatality risk as a function of impact speed is of
particular importance. Although this function has been analysed previously, we state that a
proper understanding does not exist. Based on the largest in-depth, pedestrian accident study
undertaken to date, we derive an improved risk function for adult pedestrians hit by the front of
passenger cars. Our results show far lower fatality risks than generally reported in the traffic
safety literature. This discrepancy is primarily explained by sample bias towards severe injury
accidents in earlier studies. Nevertheless, a strong dependence on impact speed is found, with
the fatality risk at 50 km/h being more than twice as high as the risk at 40 km/h and more than
five times higher than the risk at 30 km/h. Our findings should have important implications for
the development of pedestrian accident countermeasures worldwide. In particular, the scope of
future pedestrian safety policies and research should be broadened to include accidents with
impact speeds exceeding 50 km/h.
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1. Introduction

Road traffic accidents are a global health probidgiming approximately 1.2 million fatalities
per annum (WHO, 2004). The largest group of roadr datalities are pedestrians hit by
motorised vehicles (Mohan, 2002; Odero et al., 199A0, 2004), which will increase further
with the motorisation of countries such as Chind &rdia (Kopits & Cropper, 2005; WHO,
2004). In the western world, typically 10 to 30%adif road accident fatalities are pedestrians
(IRTAD, 2008; WHO, 2004). In many other countrigbese proportions are substantially
higher, although the exact figures are often diffito assess (IRTAD, 2008; Mohan, 2002;
Odero et al.,, 1997; WHO, 2004). Thus, there is anpalling need for worldwide
implementation of effective pedestrian injury matigpn and crash avoidance countermeasures.

The concept of risk can be interpreted accordingdentific context. In traffic safety
literature, it is common to define the pedestriatalfty risk as the probability of death, given
that the pedestrian was hit by a motorised veladlé also injured. This is because very little
data exist on crashes involving only uninjured ptdEns. We also note that pedestrian
fatalities generally include only deaths occurrimighin 30 days as a result of a motor vehicle
crash.

Within certain groups of the traffic safety commtynithere is presently a perceived
consensus that the risk of pedestrian death is lekmawn function of car impact speed.
Typically, the fatality risk has been reported & 4 90% at an impact speed of 50 km/h



(ERSO, 2008; GRSP, 2008; OECD/ECMT, 2006; WHO, 20Bwever, taking a deeper look
into the traffic safety literature, we found thatlya limited set of research articles, studying th
risk of death as a function of impact speed, hasenbpublished during the past 30 years.
Furthermore, most of the real-world data sampledistl were either very small, substantially
biased towards severe injury crashes, or more3farears old.

The scope of this study was to derive an improvetttion for adult pedestrian fatality
risk based on real-world accident data. In additmnoar impact speed, the effects of pedestrian
age, height, weight, and gender were to be inva®tij The resulting risk curves should offer
assistance and guidance for future pedestrianysatedtegies. In particular, they should be
useful for benefit and effectiveness studies ofppsed countermeasures. Child pedestrian
mortality should be treated in a separate study wu¢he anatomical and biomechanical
differences between children and adults (Tarriée95). Therefore, only pedestrians aged 15
years or older were considered.

2. Literaturereview

Traffic safety reports that include pedestrian Ifgtaisk curves most often cite the work of
Anderson et al. (1995, 1997), Asht(i982), Pasanef1992), Teichgraber (1983), or Walz et
al. (1983). For example, the reports mentionedhi ihtroduction were all based on one or
several of these articles. Rather surprisingly fevend that neither Ashton, nor Teichgraber, or
Walz et al. derived any risk curves in their aggllt is true that Ashton (1982) included fatality
rates at different speed ranges from pedestriai@ucinvestigations in Great Britain during
the 1960s and 70s. However, Ashton et al. havefgm@dly pointed out that, due to sample bias,
these fatality rates did not give a fair descriptid the total population of accidents (Ashton et
al., 1977; Ashton, 1982). This statement has beegely overlooked in subsequent studies
using these data. Teichgraber merely included kaaisve, which could be traced back to a
report by Yaksich (1964) Furthermore, we found that when Walz et al. ()988re cited,
people actually included the risk curve derivedAoyglerson et al. (1995, 1997), who applied an
unconventional approach to deriving fatality riskerthermore, the analysis of Anderson et al.
was based on only 56 accidents with a substariialtbwards severe injuries (IWGAM, 1986),
thus yielding crude and exaggerated risk estim&tieslly, Pasanen (1992) applied regression
analysis to the biased data presented by Ashto82§1%vhich inevitably rendered his risk
estimates too high (Davis, 2001).

It was pointed out by Davis (2001) that the probabhuse for the bias in the data
presented by Ashton (1982) was the use of an owdmsed sampling scheme, meaning that
the probability of an accident to be included ia ample depended on the injury severity of the
accident. When outcome-based sampling is presentjdta cannot be directly used to estimate
fatality risks. This is easily realised by considgrthe following hypothetical example: Assume
that 100 accidents have occurred at a certain itgpesed and that 10 of these were fatal and 90
were non-fatal. The fatality rate, or empiricalldy risk, would then be 10%. However, if only
a subset of these accidents were investigated, aldatal and every third non-fatal accident
(outcome-based sampling), the sample would comfdrsdatal and 30 non-fatal accidents.
Hence, direct use of this sample would give anresid fatality risk of 25%, which is 2.5 times
higher than the actual fatality rate. Notice, tii@ne knew the sampling rates for both fatal and

! Sometimes Pasanen’s PhD thesis from 1991 is wistead. This thesis contained the same risk casve
the article by Pasanen (1992), but was writtenimmish.

2 The report by Yaksich (1964) was based on pokgmrted accidents in St. Petersburg, Florida, durin
1958 to 1963. Furthermore, the victims includedgh lproportion of elderly pedestrians.



non-fatal accidents, the risk estimate could beisdfl by giving each non-fatal accident a
weight factor equal to three (the inverse of thegag rate).

Some other analyses on this topic have also bgmrtesl (Cuerden et al., 2007; Davis,
2001; Hannawald & Kauer, 2004; Oh et al., 20084820, but these have not had the same
impact on the traffic safety community as the &taomentioned above. Cuerden et al. (2007)
reported fatality rates from the British crash gtudn-The-Spot. However, the data only
included seven fatalities (and 101 survivors), tmaking the results very approximate. Davis
(2001) made use of the data presented by AshtoB2j18ut tried to adjust for the bias by a
weighting scheme, which was derived by comparing dhistribution of pedestrian injury
severities to national statistics. The results sltbwubstantially lower fatality risks than those
presented by Ashton (1982) and Pasanen (1992). Howihese data are by now more than 30
years old and both car design and medical care ¢tzameged during these years. The analysis of
Hannawald & Kauer (2004) concerned the risk of &ngstg slight and severe injuries
(maximum AIS2+ and AIS5+ respectively) and involveat-to-pedestrian collisions in which
the forces through the car were coded as being ordess parallel to its longitudinal direction.
(For information on the Abbreviated Injury ScaldSAsee AAAM, 2001.) The analysis was
based on a large, but unweighted, data set froniviiadical University of Hanover and the
German In-Depth Accident Study from the years 1@02003. Their report did not describe in
any detail how the statistical analysis was coretlicbut it was claimed that the risk of
sustaining a maximum AIS5+ injury was similar te tatality risk. The analyses of Oh et al.
(2008a, 2008b) were based on Korean data from 89@B®05, which included a substantially
higher proportion of fatal accidents than Koreatiamal statistics (Youn et al., 2005). The
accident investigations were only briefly describbdt it seems likely that the bias was an
effect of outcome-based sampling. The results e¥ipus work on this topic are summarised in
Table 1. Comparing to the risk curve presentedifgn E, we see that the risk estimates of
Cuerden et al. (2007), Davis (2001), and Hannavgaldauer (2004) are in line with the
findings of this study. A detailed literature rewigvill be published in the near future.

Table 1: Summary of previous work

Years of data 30 km/h 50 km/h 70 km/h
Anderson et al. 1978 8% 85% 100%
(1997)
Ashton (1982) 1965-1979 =5% = 45% = 95%
Pasanen (1992) 1965-1979 6% 40% 94%
Yaksich (1964) 1958-1963 =22% = 65% 100%
Cuerden et al. (2007) 2000-2007 = 2% = 12% = 33%*
Davis (2001)** 1965-1979 1% 7% 51%
Hannawald & Kauer 1991-2003 4% 14% 39%
(2004)
Oh et al. (2008b)*** 2003-2005 7% 34% 7%

Table showing years of data collection and fatality risks estimated at 30, 50, and 70 km/h in
previous publications on the fatality risk for pedestrians struck by passenger cars.

*This estimate was based on private communication with Cuerden and was not given in
Cuerden et al. (2007).

**Risk estimates regard pedestrians in the ages 15 to 59 years.

***Striking vehicles included passenger cars, SUV's, vans, trucks, and buses.



3. Data and methods
3.1 Data

We queried the German In-Depth Accident Study (GH)Aor pedestrian accidents during the
years 1999 to 2007. GIDAS contains the largestejptid pedestrian accident sample ever
collected, presently comprising 2127 pedestriamslued in road traffic accidents. The GIDAS
teams operate in Dresden, Hanover and surroundifigs. work shifts for the teams are
specified by a statistically developed samplinghpdad cover half the hours of each day and
night (Otte et al., 2003; Pfeiffer & Schmidt, 2008)an accident occurs and it is suspected that
at least one person has been injured, GIDAS isacted within minutes by the local police or
fire department. GIDAS investigators then attenel thash scene with blue-lights and sirens.
Accident reconstructions, which assess e.g. thadéingpeed, are later carried out based on on-
scene information including collision point, pedist and vehicle end-positions, and brake
marks, as well as interviews with the driver, pédas, and other eye-withesses. (Further
details on accident reconstructions are providedppendix A) This sampling procedure is
intended to provide data that are representativih@fsampling regions. However, if a crash
occurs within these regions but police suspectnjaries, GIDAS is not contacted. In these
cases, possible pedestrian injuries would latereperted to the police. This phenomenon leads
to an over-representation of severe and fatal antédin GIDAS (Pfeiffer & Schmidt, 2006).
We compensated for this by considering German nakistatistics on pedestrian accidents
(Verkehrsunfalle, 2003—-2007). These statisticsuitet! all police reported injury accidents that
occurred in Germany involving at least one motatigehicle. To weight the GIDAS data, we
made explicit use of a variable that coded eachegteédn as “ambulant,” “in-patient,” or
“killed.” The definitions of these values were egplent to the police definitions of “slight,”
“severe,” and “fatal” injury. By matching the pragions of “ambulant,” “in-patient,” and
“killed” pedestrians in GIDAS to the correspondingtional proportions from 2003 to 2007,
weight factors could be derived.

3.2 Final sample

The GIDAS pedestrian sample was then queried fdegteians hit by the front of a passenger
car with assessed impact speed (pedestrians Iyiriigeoground prior to impact, as well as sport
utility vehicles and other light trucks and vansrevexcluded). Four hundred and ninety two
pedestrians aged 15 years or older were foundudimgy 36 fatalities. All fatal accidents,
crashes with impact speeds exceeding 65 km/h, @rdritlomly selected cases were studied in
detail to certify the data qualityAs a result of these investigations, two pedass; surviving
impact speeds of 77 and 108 km/h respectively, vex@duded from the sample, due to
interaction mainly with the side structure of tle.qIn other words, these two pedestrians were
“sideswiped” by the car and did not receive muclpuise in the collision) Hence, the final
sample consisted of 490 pedestrians aged 15 toe@6syFinally, the weight factors were
normalised so that the total size of the weightetde also equalled 490 pedestrians. In Table
2, the distributions of pedestrian injury sevestare given for the national statistics, the total
GIDAS sample, and the final GIDAS sample. From éhdata it is straight forward to derive the
final, normalised weight factor®¥gh=1.4, Wseyer=0.69, andiV,—=0.50.

% In-depth information provided in the GIDAS databascluded sketches, photographs, police reports,
medical records, etc.



Table 2: Distributions of pedestrian injury severit ies

Slight Severe Fatal

National (2003-2007) 70.9% 27.0% 2.2%
Total GIDAS 532% 421% 4.7%
Final sample 44.4% 48.2% 7.3%

Table showing the distributions of slightly, severely, and fatally injured pedestrians in the
national statistics (Verkehrsunfalle, 2003—2007), the total GIDAS sample, and the final GIDAS
sample (N=490). These figures were used to derive the weight factors.

3.3 Satistical methods

The distributions of pedestrian age, gender, heigitl weight were investigated for both the
total sample (N=490) and the fatalities (N=36). S&@mpirical investigations were aimed at
providing us with an understanding of the data thiedproblem at hand.

Logistic regression analysis was applied to theghieid sample in order to derive an
analytical expression for the pedestrian fatalitgk ras a function of impact speed. The
probability of deathP(v), was then assumed to have the following form

_ 1
1+ expFa-—hv)

P(V)

1)

wherev is the impact speed ara b, two parameters to be estimated by the method of
maximum likelihood (Dobson, 2002; McCullagh & Neld@989). The effects of pedestrian
age, gender, height, and weight were investigatedplying multiple logistic regression
analysis. The main objective of the latter analys&s to find an improved, multivariate
function describing pedestrian fatality risk. Thedal selection was based on a subset of 353
cases, including 21 fatalities, for which all ttdd@ional variables were known. We treated age,
height, and weight as continuous variables, whaledgr was nominal.

Model fit investigations were based on Akaike’soimhation criterion (Akaike, 1974),
likelihood ratio tests, and Wald chi-square stitistas well as visual assessment of residuals
and influence diagnostics. Some further detailpapgided in Appendix B.

Table 3: Summary of empirical data

Speed Cases Fatalites Rate Wogtrate | Speed Cases Fatalities Rate Wgtrate
(km/h) (%) (%) (km/h) (%) (%)

1-9 35 0 0 0 60-69 18 5 28 22
10-19 93 2 2.2 0.92 70-79 8 6 75 69
20-29 99 1 1.0 0.44 80-89 2 1 50 42
30-39 103 4 39 19 90-99 4 4 100 100
40-49 99 5 51 29 100-109 1 1 100 100
50-59 27 7 26 18 110-119 1 0 0 0

The total number of observed cases and fatalities by impact speed interval for raw data. Fatality
rates are provided for both raw and weighted data.



100 -
(a)

80
60 (/ ///

40 /

Fatality risk (%)

. .
20 e o

0 20 40 60 80
Impact speed (km/h)

100

Figure 1: Pedestrian fatality risk

120

Fatality risk (%)

10 20 30 40 50 60
Impact speed (km/h)

(a) The fatality risk as a function of impact speed for adult pedestrians hit by the front of a
passenger car. The dotted curves show approximate 95% confidence limits. (b) Zoom in on the

risk curve below 60 km/h.

4, Results

Table 3 shows the number of pedestrians and tladitfatates observed at different impact
speed intervals. Comparing the raw and weightedlifiatrates, we see that the effects of
weighting decreased at higher impact speeds. Wkedplpgistic regression analysis to fit an
analytical function to the weighted fatality rat@sall observed impact speeds. The resulting
fatality risk function is presented in equation, (@here the impact speed, is measured in
km/h.

1

P(v) =
1+exp(6.9 - 0.090v)

)

The fatality risk function is also displayed in Fifj together with an approximate 95%
confidence band (see Appendix B for the mathemaficenula). Zooming in on the risk curve
at impact speeds below 60 km/h (Fig. 1b), we sae ttie relative risk increases rapidly with
impact speed, which is in line with previous litew®. However, the absolute risks are
substantially lower than those generally reportédtkie risk estimates by Anderson et al., 1997;
Ashton, 1982; Pasanen, 1992; and Yaksich, 196 giv&able 1, which have been the basis for
the generally reported fatality risks).
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We also investigated the effects of pedestrian ggeder, height, and weight on the
fatality risk. Descriptive statistics for these kmtory variables for the weighted pedestrian
sample and the fatalities are presented in Tablaad45. Cumulative distributions of impact
speed and pedestrian age are presented in Figan®@@. The median impact speed and
pedestrian age were 26 km/h and 42 years for tabkgample, whereas they were 57 km/h and
65 years for the fatalities. This indicates thathbthese variables should be considered
important predictors of pedestrian fatality riskarker studies have also shown that the fatality
risk increases with pedestrian age (see, e.g., Weetaal. (2006) and references therein).
Furthermore, the percentage of females was 55%hfortotal sample, but only 36% for the
fatalities. To choose the best fatality model, paksible linear combinations of the additional
variables together with impact speed were testbd. mModel with the lowest value of Akaike's
information criterion included only impact speeddgmedestrian age. This was also the only
model in which all explanatory variables were statally significant according to the Wald chi-
square test (two-tailed alpha=0.05). The correspgndatality risk function is presented in
equation (3} wherev is the impact speed measured in km/h, agelis the pedestrian age in
years (the function is not applicable at ages bdbwears).

P(v,age) = L 3)
1+ exp(9.1- 0.095/ — 0.040age)

The above mentioned difference in gender was exgpthby females being exposed to lower
impact speeds than males.

Some details of the results of the simple and pleltiogistic regression analyses are
shown in Table 6, while a more elaborate discussiothe model fit, including a brief analysis
of residuals and influence diagnostics, is incluole8ippendix B.

5. Limitations

We stress that the fatality risk functions in thaper only apply to pedestrians aged 15 years or
older. Furthermore, the results primarily desctibe situation in Germany. In countries with
less developed emergency and medical care, thigyfaiak at any given impact speed would
probably be higher.

6. Discussion and conclusions

Compared to the fatality risks generally reportethie traffic safety literature, equations (2) and
(3) result in substantially lower estimates. Howewestrong dependence on impact speed is
present, with the risk at 50 km/h being more thaice as high as the risk at 40 km/h and more
than five times higher than the risk at 30 km/hisT$hows the importance of keeping impact
speeds as low as possible within city areas whevst pedestrian accidents occur. We also
found that approximately 50% of all pedestrian Ifés had exposure to an impact speed
between 50 and 80 km/h (Fig. 2). While these crashre sometimes judged as virtually
unsurvivable, the new risk curve shows that thisasthe case. At an impact speed of 75 km/h,
the fatality risk was estimated to approximately?b@95% confidence interval: 26—68%).
Hence, these high-speed crashes should be takenagwount in future pedestrian safety
activities.

* Although the model selection was based on a sulfsé3 cases (as described in subsection 3.3), the
risk function in equation (3) was derived from tb&al sample, which comprised 490 cases.



Table 4: Descriptive statistics for the total sampl e

N Mean Median Std Dev Min Max
Impact speed 490 28 km/h 26 km/h 16 km/h 2 km/h 112 km/h
Age 490 45 years 42 years 22 years 15 years 96 years
Height 380 169 cm 169 cm 10 cm 116 cm 199 cm
Weight 380 70 kg 70 kg 14 kg 42 kg 120 kg
Car reg. year 452 1995 1995 4.6 years 1977 2006

Descriptive statistics for the weighted total pedestrian sample (N=490). The year of first
registration for the cars is also included.

Table 5: Descriptive statistics for the fatalities

N Mean Median Std Dev Min Max
Impact speed 36 59 km/h 57 km/h 23 km/h 14 km/h 100 km/h
Age 36 57 years 65 years 24 years 15 years 96 years
Height 23 170 cm 173 cm 8.3cm 153 cm 185 cm
Weight 21 73 kg 72 kg 16 kg 53 kg 102 kg
Car reg. year 35 1995 1995 6.0 years 1977 2006

Descriptive statistics for the fatalities (N=36). The year of first registration for the cars is also
included.

Table 6: Logistic regression results

Estimate Lower Upper Standard  Wald X*  P-value
limit limit error
Intercept —6.9 -8.5 -5.3 0.81 72 <0.0001
\ 0.090 0.060 0.12 0.016 34 <0.0001
Intercept -9.1 =12 —6.6 1.3 49 <0.0001
v 0.095 0.063 0.13 0.016 34 <0.0001
age 0.040 0.012 0.068 0.014 7.7 0.0055

Details from the simple and multiple logistic regression analyses. The lower and upper limits are
for a 95% Wald confidence interval.
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Appendix A: Assessment of impact speed in GIDAS

The choice of reconstruction method for pedest@gacidents depends on the input data
available (Hugemann, 2007). One of the key paramdte this article is the impact speed of
the striking car. This can be calculated from tb#igion point and car end-position together
with marks indicating braking and trajectories bedw those points. Additionally, the mass ratio
between pedestrian and car can be used to caldhteehicle’'s change of velocity during
collision. Another approach makes use of the peidesthrow distance to calculate the impact
speed of the car. It is then necessary to accourhé car front-end structure and the velocity of
the pedestrian. Since the exact pedestrian endiggoss not always known for GIDAS
accidents, this method can lead to rather highnteiogy in the impact speed estimates. In cases
where all the above mentioned input data are knoauiti body computer simulations can be
conducted using, e.g., the reconstruction softw&eCrash. If neither of these methods can be
applied due to lack of required input data, tallesxperimental data with regard to car impact
speed, pedestrian contact location, and wrap ardistance are used. The upper bound method
combines all of these methods to lower the unaastaand also considers special restrictions
and speed limitations due to environmental factbrsa last instance, witness statements are
used to validate data for the accident reconstroctf there is insufficient information available
for any kind of reconstruction, impact speed wi#l toded as unknown. Note that pedestrian
injury severity is never entered as a parametéhénreconstructions, which makes a potential
systematic bias towards higher impact speeds @ireniinjury severities unlikely.

The derivation of risk curves is sensitive to esrior the impact speed assessments (Funk
et al., 2008; Kullgren & Lie, 1998). A systematicar towards higher or lower impact speeds
would inevitably shift the risk curve to the right left respectively. In order to run a small test
on the plausibility of the GIDAS reconstructioneetmedian impact speed for fatalities was
compared to two other pedestrian real-world acdidevestigations. We therefore note from
Table 5 that the median impact speed was 57 knmi/théo36 fatalities studied in this paper. In
Adelaide, Australia, 181 fatally wounded pedessiahit by motorised vehicles were
investigated by the National Health and Medical d&esh Council Road Accident Research
Unit between 1983 and 1991 (McLean et al., 1994 Birmingham and Worcestershire, Great
Britain, 81 pedestrian fatalities hit by passerges were investigated during the 1960s and 70s
(Ashton, 1982). The median impact speed was betw@eto 60 km/h for both these studies.
(We were not able to access any other source df isiormation.) Hence, the median impact
speeds for the fatally wounded pedestrians in tHeee large real-world accident studies are in
accord with each other. This provides an indicatlmat the impact speed assessments made by
GIDAS are comparable to other pedestrian studimsrat the world.

Appendix B: Details on thelogistic regression

Some details of the results of the logistic regosanalyses were provided in Table 6. Here we
also note that Akaike’s information criterion (Al@&creased from 156 to 109 when including
impact speed as a predictor and that the likelin@did chi-square test was highly significant
(two-tailed P < 0.0001). AIC was further reduced to 103 for theltiple logistic regression
model with both impact speed and pedestrian agexptanatory variables. Including an
interaction effect between these variables made &WEease. In practice, our model fit
investigations also relied on visual inspectiorragfression diagnostics, including residuals and
influence statistics (Pregibon, 1981). A subsetsoth diagnostics, for the simple logistic
regression model, is displayed in Fig. B1, whemythre plotted against the observation index.
One can see from the Pearson residuals that twenaigns had poor fits compared to the
others. These corresponded to two fatal cases avitimpact speed of 14 km/h. From the
confidence interval displacement diagnostics, it ba seen that one observation had a much
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greater influence on the fitted parametash) in equation (1) than the others. This was a
survivor with an impact speed of 112 km/h. Thesedhaccidents were studied in detail by
considering the in-depth information provided ie tBIDAS database, which included sketches,
photographs, injuries, etc. From an epidemiologpispective it was then decided that these
three cases should be kept in the study. As attestsurvivor at 112 km/h was temporarily
removed, which changed the parametdrom —6.9 to —7.4 ant from 0.090 to 0.10. These
changes are within the standard errors of the peters) see Table 6. Thus, from a statistical
point of view, the temporal removal of this obseiwa did not have a large effect on the risk
curve.
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Figure B1: Residuals and influence statistics

Pearson residuals (a) and confidence interval displacement diagnostics (b) for the simple
logistic regression analysis.

To investigate overdispersion (McCullagh & Neld&889) the data were aggregated in
speed intervals according to Table 3 (0-9 km/h120km/h, 20-29 km/h, etc.) and logistic
regression was conducted using the middle speec Yai each speed interval (i.e. 5 km/h, 15
km/h, 25 km/h, etc.) as independent variable tagethith the weighted fatality rate at each
interval as the dependent variable. For this lagigigression model, the deviance was 9.6 with
10 degrees of freedom, thus indicating that ovpetision was not a problem. The deviance
goodness-of-fit test had a chi-square statisti@.86 giving aP-value = 0.48, which indicated a
good model fit.

To investigate the effect of the weighting procegluogistic regression was also applied
to the raw/unweighted sample. The parameteasdb then became —6.0 and 0.083, which is
outside the standard errors of the parameters thenweighted analysis, but well within their
95% Wald confidence limits (see Table 6). The wiighand unweighted risk curves are
compared in Fig. B2, from which it can be conclutieat the weighting had an important effect
at impact speeds below 50 km/h, but not at highgpaict speeds. The raw and weighted
empirical fatality rates at each speed band areided in Fig. B2, thus providing yet another
way to assess the fit of the regression analydisetalata.

It is plausible that there is some under-reporthgspecially slight injury accidents to the
national statistics. This would mean that the wefghtor for slightly injured pedestrians (called
Wiignt in subsection 3.2) would have to be a little langeorder to compensate for the under-
reporting. To investigate the effect of such undgrerting, a very simple sensitivity study was
conducted. We then multiplied the weight factdy, by a factor of 2, which



13

¢ Raw ~~ Raw B Weighted — Weighted ¢ Raw -~ Raw B Weighted — Weighted
100 ¢ @
(a)
S S
@ 0] @
2 2
5 407 3
< ©
L i
20
0 T T T T T ol 1
0 20 40 60 80 100 120 50
Impact speed (km/h) Impact speed (km/h)

Figure B2: Comparison of theraw and weighted results

(a) Comparison of the empirical and analytical fatality risks for the raw and weighted data. The
empirical fatality risks, or fatality rates, have been grouped in intervals of 10 km/h. (b) Zoom in
on the risks below 50 km/h. The largest relative differences between the raw and weighted risks
are at low speeds.

corresponded to an under-reporting of 50% of thghshccidents in the national statisticghe
parametersa andb then became —7.7 and 0.10, which lies within tla@dard errors of the
original estimates (see Table 6). Hence, this rd#tige change of the weight factors had only a
small effect on the risk function. The analysis Wobe more sensitive to under-reporting of
fatal accidents, but we see no reason for sucleagrhenon.

A confidence band for the risk curve was derivdtbfang Kutner et al. (2004). In short,
an approximate 95% confidence interval for the pbility of death at an impact speed,is
givenby 1/ (1 +exp(a —b'v+1.96X & X)?)). Here X is a column vector with entries
(1v); &, b’ are the maximum likelihood estimates ayfb; and% is the estimated approximate
variance-covariance matrix for the regression patars when the sample size is large. The
final result of the confidence interval as a fuontiof impact speed was 1/ (1 + exp( 6.9 —
0.090v + 1.96( 0.66 — 0.024+ 0.000247 )'2)).

® It was not needed to re-normalise the weight factince only the main estimates for the logistic
regression parameters were considered.



