Lecture 03

A Risk Analysis Model:
Fly or Drive?

Disaster & Risk Management Lecture 3



Modeling Risk

FLY or Drive (or who you should believe)
Use of models
Appropriate basis for risk calculation (exposure)
Interaction of factors
Parameter estimation

Learning objectives
1. be able to describe factors affecting airline/auto safety
2. know why we need to model risks
3. be able to construct & use simple models of fatality rates
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New study released: Several cars had higher driver death rates than the four-
deor, four-vheel-drive Explorer Lhat is most popular,

Crash study ranks deadly vehicles

irs four-

Explorer better
than some cars

b ——
- Some family cars ar2 more b‘nhég o

kill their drivers than the benighted
Ford Explorer sport-utility vehicle s,

Some cars even have deadly rollover
at about the same rate

though the cars would earn good roll-
over fankings — three or four stars —
and the Explorer would get just two.in
the first al scores due soon

Tie surprising  information  comes
from an analysis by. the Insurance In-
stitute for Highway Safety (IIHS) of fatal
‘crashés 3

97 models. Its 3 rough gauge of vehicle
instability — how easly vehicles rofl
over @ real-world ¢ ons — using

Driver death rates in car crashes
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federal fatality statistics_and RL. Polk

ande ratitute for Highway Sakerg
Deiver death X of single-ywhi-
rate insngle  cfe driver deaths
and epultiple-  in a rollover

Mode year Vehiche vehicie crashes’
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195597 __Ford Explorer 4-dr, 4-afwel denve 56 203%

1965 57 Hyorda Aent 2<r = m GO8%

186567 Cheviolet Mcma Cado, 2-dr 17 6sax

199447 Chevrehet Camara cacserhibic 230 652X

153457 Peatiac Grand Am, 4-dr 120 642X

1597 Ford Escort, 4-% .85 53.6%

19097 Cnoysier S A-dr 52 62.5%
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Anomaly’ The tvo-door, fwa-wheel -drive Explorer scored much worsa than

counterpart i terms of driver death rate,

death rate, expressed as drver deaths
per miltion registered-wehicle years,

A vehicle registered each of the four
vears of the study counted as four regis-
tered-vehick years. A vehicle registered
only one year was one vehicle year.

Overall average vias 89 driver deaths
per millica registered-vehicle years in
all types of accidents. What might be
considered an instability score — the
partion of single-vehicle fatahities in-
woiving rollovers — averaged 5875

The most-popular version of Explorer

59.3% of Explorers in the JIHS analysis)
a drtver death rate of 56 and an in-
stability scoce of 70.3%,

feerages for simdar SUVsS: driver
Ceath rate, 72; instabiliny scoce, 79.6%

The IIHS work wes completed this
summer, before the recall. The organi-
zation woa't label Explorer stable of un-
stable, based oa the findings.

Ceher-Explorer models: - .

Four-door, two-wheel drive (27,5% of
the total) — 103 drover death rate, 86%
instability score, Averages for similar
tvo-vheel-drive SUVs: 126 and 885%.
~ Two-door, four-wheel-drive Explorer
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Driver death rates in car crashes

Ford Explorer sport-utility vehicle is under fire for rollover accidents involving Firestone tires, but
some cars are worse, They kill their drivers at a higher rate, and are about as likely to roll over and
kill their drivers in single-vehicle crashes as the Explorer is, according to an analysis by the Insur-
ance Institute for Highway Safety.
: % of single-vehi-
cle driver deaths
in a rollover

Driver death
rate in single
and multiple-

. Model year Vehicle vehicle crashes’

1995-97 Subaru Legacy/Outback station wagon 74 100.0%
1994-97 Oldsmobile Achieva, 2-dr 163 77.1%
1995-97 " Chevrolet Cavalier, 2-dr 133 74.7%
1995-97 Geo Metro, 4-dr 212 73.3%
1994-97 - Pontiac Grand Am, 2-dr 132 70.5%

- 1995-97 ' Dod h Meop2-de— 2 70.5%
1995-97 @ﬁxﬁm‘;—wheel drive 56 70.3% o
1995-97 « . - Hyundar Accent, 2=dr 177 6Y.
1995-97 ~ Chevrolet Monte Carlo, 2-dr 117 65.4%
1994-97 “Chevrolet Camaro convertible 290 65.2%
1994-97 Pontiac Grand Am, 4-dr 120 64.2%
1997 Ford Escort, 4-dr - .95 63.6%

X _-;,1994-97 Sy hr sler LHS, 4-dr - ' 2Dy i 3 .62.9%

AXT995-97 5 5 F e, MMJ T ’*3"-‘-“614%
1995—97 * Chevrolet Lumina, 4-dr 90 60.9%
1994-97 Ford Crown Victoria, 4-dr 77 60.0%

-1 - Driverdeaths per million registered-vehicle years, single- and mulitple-vehicle crashes.
'~ Source: Insurance Institute for Highway Safety
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CRITERIA

Driver deaths in crashes
per million registered vehicle years

% of single-vehicle driver deaths in rollovers

Better criteria deaths per mile?
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deathrate % inrollovers

Popular Explorer 4-door, 4- 56 70.3

drive

Explorer 4-door, 2-drive 86.5

Average SUVs 79.6

Explorer 2-door, 2-drive 86.7




So are transportation deaths
a concern in the United States?

What segment of the population
is at risk?
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% of fatally injured drivers with BACs >=0.10 percent, 2000
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Death Rates from Passenger Travel - 2001

Billion
Deaths Passenger
per Year Miles / Yr

Passenger cars 20,200 2,580
Vans, SUVs, pickup trucks 11,700 1,500
Scheduled Airlines 122 490
Buses 11 63
Passenger trains 3 15

*Deaths of just passengers; exclude drivers.

Statistics describe risk of being killed when a passenger.
National Safety Council Injury Facts 2003 edition.

2001 data for all but airlines which are 10-year average.
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Deaths per Billion Passsenger Miles

Buses §0.17

Passenger trains §0.20

Scheduled
Airlines

0.25

Vans, SUVs,
pickup trucks

Passenger cars

0.0 2.0 4.0 6.0 8.0 10.0 12.0



108 HE 5,288 A"

S08Z, 20075 78 22

2005YE & AHOII A
A 1R

Jt2l(3.799) 0

60

3.458 2 =2

0lJ

0.

s
Mmom
IH0 co B<
Aoz
RS
110V 1

01

2 M
00 1 J|J
m0 2

12

Lecture 3

Disaster & Risk Management



)

a2
—

108 HE 5289 AFZ” ()
S012e, 20071 78 22

HIHSO| XS

“
-

(T 3)
5.28

<
Bo
=<
00 &0
o
o
=2
It o
AIE

o

1S

K=ol
KE RE
N
™ K0
H__.N_J
ROz
HolsS
= H0%0
<N

3= E
KFzs ol 8%

JyDHOA 0Bl

TSR
MEﬁlmﬂ
D7) SOTier =
0koF Mol
M o Cl_n_lo

0= S S
__A__.__oon/_nAno_.w_w_oH
A._u._ﬁ_.|‘ K

?ﬁM%&i
S <
S Uil HG)

L4 = o
2 <0 W0 mr

sruo= o o)

© =22E20t wmi.18

OIO=

oJ LA _M_,A_l
Hepiz
EYl
0J<F~ =<

13

Lecture 3

Disaster & Risk Management



KJ

S

NIES
DHU oy
— O
K]~
o)
RS
<
M0 o
100 3
)

(13
-

10075
M03D
o K]
Daw
JIJnH
SKF-
ol il
LO
a0
oMol
<

Lt

of 38 Ol A H =0

= 0l o

& 9508t

N3 4

H05)
1007
my)
o~
<l
o_-
5%
7{ol
nd
(QP)
mmmw
o
__oomu
0N [0<(D
010053
ROi0J S
=5<H

100

=
0.

o
11O

14

Lecture 3

Disaster & Risk Management



Is it Safer to Fly or Drive?

In attempts to soothe the nascent fear of the scheduled airline traveler, passengers waiting take-
off are sometimes reminded-eftheliche that they may have aiready-completed the most dangerous
part of theirTrip — the drive to the airport. The objective of this paper is to comimsaicate under
what conditions air travel is indeed safer than highway travel and vice versa. The conventjonal

jsdom among risk communicators that air travel is so much safer than car travel arises from the
most-widely quoted death rates per billion miles for each — 0.6 for air compared to 24-£cT road.
There are three-reasons why such an unqualified comparison of aggregated-fatatify rates is inap-
propriate. First, the airline rate is passenger fatalities per passenger mile, whereas the road rate is
all fatalities (any occupants, pedestrians, etc.) per vehicle mile. Second, road travel that competes
with air travel is on the rural interstate system, not on average roads. Third, driver and vehicle
characteristics, and driver behavior, lead to car-driver risks that vary over a wide range. Expressions
derived to compare risk for drivers with given characteristics to those on airline trips of given
distance showed that 40-year-old, belted, alcohol-free drivers of cars 700 pounds heavier than
average are slightly less likely to be killed in 600 miles of rural interstate driving than in airline
trips of the same length. Compared to this driver, 18-year-old, unbelted, intoxicated, male drivers
of cars 700 pounds lighter than average have a risk over 1000 times greater. Furthermore, it is
shown that the cliche above is untrue for a group of drivers having the age distribution of airline
passengers. |




Is it Safer to Fly or Drive?

A problem in Risk communication
L. Evans, M. C. Frick, and R. C. Schwing
General Motors Research Laboratory
June, 1990

1978-1987 had 0.55 airline passenger fatalities /billion miles
Using 1987 data, had 46,400 traffic fatalities in 1924 billion miles or
24 fatalities/billion vehicle miles

37% drivers, 18% passengers, 14% pedestrians, 9% motorcyclist and 71%
of all vehicle miles by car yields

12.6 driver fatalities / billion miles

Which expect to be higher than a published value of
9.2 fatalities / billion miles
traveled for all occupants of cars.

Disaster & Risk Management Lecture 3 16



Airline-passenger deaths, percent
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. 1. Distribution by sex and asge of deaths for passengers killed in air

crashe= (in S-year increments) and drivers killed in car crashes (in

l1-year increments). The airline data are for 809 persons kilfed in the
8 worst 2ir crashes from 1975 through 1985 (the normalizing is with
respect to the 759 of these aged 16 or older). The car data =re for

79,220 fatally injured car drivers in the Fatal Accident Reporting
System data for 1981 through 1985.



Relative car driver fatality risk

32
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Fig. 2. Car driver fatalities per unit distance of travel reiative To the
average for ail drivers, as indicated by the horizontal line a3t unity.
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Auto Fatality Rate Model

Car-driver fatality rate =
qug ¢ nge *M

alcohol e Mseai-bel’r ‘M ‘M

mass road-type

Estimation of seat-belt fatality factor

l. Based on survival in crashes —

driver —fatal crashes
Mseat —belts _ crashes seat—belts

M no—belts driver —fatal crashes
crashes

Disaster & Risk Management Lecture 3



Auto Fatality Rate and Seat-Belt Effect

1. Based on fatalities per mile —

[driver —fatal crashes
Mseat —belts _ miles_driven seat—belts

M nho—belts driver —fatal crashes
miles driven no —belts

For I
M. cai-beit/ Mno-bet = 0.7/1.2 > 1 : 1.7 Only crash safety

For ll:
M.cai.bet/ Mio-beit = 0.5/1.4 > 1 : 2.8 Includes other factors

Which is more honest?

Disaster & Risk Management Lecture 3
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Their auto fatality model

Car-driver fatality rate =

* % %
I:avg Mage Malcohol Mseat belt Mmass Mroad-’rype

For a 40-year old, alcohol-free, belted driver, of a car 600
pounds heavier than fleet average, on a rural interstate highway:

=12.6*0.54 * 0.61* 0.49 * 0.73 * 0.53 = 0.8 fatalities/billion miles

For an 18-year old, intoxicated, unbelted male driver, in a car
700 pounds lighter than fleet average, on average roads:

=126 *5.10*7.7*1.4*1.36 *1 = 930 fatalities/billion miles

Disaster & Risk Management Lecture 3 21



Does it matter who is driving?

930/0.8 = 1163

Disaster & Risk Management Lecture 3
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Which Are Important Factorse

(Sensitivity Analysis)

Age
Alcohol
Seat Belt
Mass
Road type

5.1 to
7.7 to
1.4 ifo
1.4 ifo
1.0 fo

0.54
0.61
0.49
0.73
0.53

9.4
12.6
2.8
1.8
1.9

Disaster & Risk Management
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AIR - Travel Safety

If average airplane trip lasts 880 miles, and
experience 0.55 deaths per billion miles:

(880 miles/flight) (0.55 deaths per billion miles)
= 484 deaths per billion flights

Average fatality rate for flights of length d:
= 484 / d fatalities per billion miles
on flights of d miles

Disaster & Risk Management Lecture 3
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Deaths per billion miles

3
2.5 —
2 Airine passengersj
1-5
J [Low risk drivers |
1 —
O.5 —
-~
@] ~ r ~ - T > - — ~ T - - ~ —- — ~ =
O 500 1000 15800 2000
Trip distance, miles
Fig. 3. The curve shows traveliler fatalities per billion traveller miles for
airline passengers, based on an average rate of O.55 deaths per billion
miles for a trip of average distance equal to 88C miles (indicated by
the bullet on the curve). The horizontal line shows the rate for
40-yeasr-old, belted, alcohol-free drivers travelling on the rural
Interstate system in cars 700 pound heavier than average. The rate for
18-year—-old, intoxicated, unbelted, male drivers travelling average
roads in cars 700 pounds lighter than averasge (604 Tatalities per
billion miles) is over 200 times off-scale in this representation.
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IS IT SAFER TO FLY OR DRIVE?-- A PROBLEM IN RISK COMMUNICATION

Leonard Evans, Michae! C. Frick and Richard C. Schwing
Operating Sciences Department
General Motors Research Laboratories
Werren, Michigan 48090

ABSTRACT

(z} 18-year-old, unbelted, intoxicated, male drivers of cars 700 pounds |igihter
than average are substantially more likely to be killed on the trip to the
airport than on the flight.

\ Drivers with the age distribution of airline passengers are less likely to be
killed on the trip to the airport than on the flight.

(:) 40-year-old, belted, alcohol-free drivers of cars 700 pounds heavier than
average are slightly less likely to be killed in 600 miles of rural
Interstate driving than in regularly scheduled airline trips of the same
length. For 300 mile trips, the driving risk is about half that for flying.
Hence, for this set of drivers, car travel provides a lower fatality risk
than air travel for trips in the distance range for which car and air travel

are likely to be competing modes.



Barnett Comment

Analysis ignores trip length in car
Analysis ignores plane type
Death risk wrong

Claims should be 1 in 9.9 million per flight or 1 in 107
= 100 per billion flights

NOT
= 484 per billion flights used by Evans et al.

Evans uses using trips whereas Barnett is using “flight segments”

For every hour saved flying also get 67 second rise in life
expectancy.
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Critique

Parameter estimation ignores possible interaction among
factors.

Analysis ignores trip to airport, differences in carriers,
non-interstate portion of drive, differences in route lengths...

Auto risk analysis assumes a multiplicative model.
Analysis ignores nonfatal accidents which occur 70 times

as frequently as fatal auto accidents, but MUCH
less so for airlines.
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Modeling Issues ?

Why model each factor one-at-a-time?
Why not have big regression relationship?
What are the limitations of our model?

Why did we need a model at all?

Disaster & Risk Management Lecture 3
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Risk Assessment & Comparison

R. Wilson and E. Crouch

“Risk assessment is a way of examining risks
so that they may be better avoided, reduced,
or otherwise managed.”

Risk Estimation using Historical Data
Easy to understand and perceived as accurate
Models still required to make predictions because of frends
iIn age, miles tfraveled, exposure, technology
Only works if accidents have occurred at a sufficient rate
over sufficient time 1o allow estimation of their frequency
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Lessons

1. Linear and muliiplicative models can interpret historical data.

2. A model with independent multiplicative effects can predict
accident rates for different drivers.

3. Don't believe everything you read.
Disraeli:

“"There are three kinds of lies:

lies, dam lies, and statistics.”

Web source: Tremendous amount of useful Information
for the Traveling Public. hitp://www.airsafe.com
Sivak & Flannagan, Am. Scientist, 91, 2003
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Alternative Models of
Risks and Other Phenomena

= A hard question is how does one know which model is most
appropriate to model different risks.

= The question is often hard because there is no clear cut
answer. Decisions are often reached by subjective
considerations and compromise between issues.

= Several models may appear; sometimes one model may
appear to fit better than an alternative model which has better
theoretical justification.

= See appendix of course packet for a discussion.
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