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Lecture 03

A Risk Analysis Model:

Fly or Drive?
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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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Crash Study Ranks Deadly vehicles
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Driver death rates in car crashes
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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?



6Disaster & Risk Management Lecture 3

Death Rate

death rate % in rollovers

Popular Explorer 4-door, 4-

drive

56 70.3

Explorer 4-door, 2-drive 103 86.5

Average SUVs 72 79.6

Explorer 2-door, 2-drive 231 86.7

Driver deaths in crashes per million registered vehicle years
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So are transportation deaths

a concern in the United States?

What segment of the population 

is at risk?
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Vehicle Deaths Percentage by AgeVehicle Deaths Percentage All Deaths by 

Age, 1999
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Percent of fatally injured Drivers

% 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 Passenger Miles
Deaths per Billion Passsenger Miles
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“보행자들의 지옥… 10만 명당 5.28명 사망”
동아일보, 2007년 7월 2일

한국 보행자의 교통사고 사망 위험이 경제협력개발기구(OECD) 국가 중
최상위권인 것으로 나타났다.

녹색도시연구소(대표 임삼진 한양대 교수)가 1일 공개한 ‘2007년도 OECD 
교통사고 국제비교’에 따르면 인구 10만 명당 보행자 교통사고 사망자가 한국은
5.28명으로 OECD 국가 중 1위를 기록했다.

2005년 조사에서도 한국은 인구 10만 명당 6.0명의 보행자가 교통사고로 사망해
역시 1위였다.

자동차 1만 대당 교통사고 사망자 수 역시 한국은 3.45명으로 헝가리(3.79명)에
이어 2위를 차지했다. 

OECD 국가의 인구 10만 명당 보행자 교통사고 사망자 수가 평균 1.58명, 자동차
1만 대당 교통사고 사망자 수가 평균 1.68명이라는 점에 비추어 볼 때 한국은
아직 ‘교통사고 후진국’이라는 오명에서 벗어나지 못하고 있는 것.

OECD IRTAD(International Road Traffic and Accident Database)에서 자료를
받아 분석한 녹색도시연구소는 “보행자 교통안전이 가장 중요한 만큼 정부의
적극적이고 구체적인 대응이 필요하다”고 지적했다. 
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“보행자들의 지옥… 10만 명당 5.28명 사망” (계속)

동아일보, 2007년 7월 2일

실제로 정부가 추진한 제5차
교통안전기본계획(2002∼2006년)의 부문별 목표
달성에서 가장 취약한 부문은 보행자 교통사고였다.

당초 정부의 2005년 보행자 교통사고 사망자
목표치는 1274명이었으나 실제 사망자 수는 이보다
2배 가까이 늘어난 2457명을 기록했다.

녹색도시연구소 측은 “유럽에서는 주택가 이면도로
등 생활도로는 보행자 우선권을 부여하고 차량
제한속도를 시속 20∼30km로 제한하고 있다”면서
“우리나라 역시 생활도로의 제한속도를 낮추고 차량
통행을 줄이는 ‘교통정온화(traffic calming)’ 사업을
본격적으로 추진해야 한다”고 제안했다.

한편 노인(65세 이상) 10만 명당 교통사고 사망자
수에서도 한국은 38.8명으로 OECD 국가 중 1위를
기록했고, 어린이(0∼14세) 10만 명당 교통사고
사망자 수에서는 3.1명으로 4위로 나타났다.
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“국내 항공사 안전불감증 여전”
SBS, 2007년 10월 23일

지난 7월 2일 김해공항에서 착륙하던 대한항공 소속 항공기의 제트엔진
역추진장치 덮개가 활주로에 떨어졌습니다.

또 지난 4월 25일에는 김해공항에서 이륙하려던 아시아나 소속 항공기가
인가되지 않은 활주로에 진입했습니다.

건설교통부에 따르면 국내 민간항공사들은 이런 안전사고로 지난해 모두 10건에
1억2천750만 원의 과징금을 부과받았습니다.

지난 2005년 사고 3건에 과징금 4천950만 원에 비해 3배 이상 크게 늘어난
것입니다.

과징금을 항공사별로 보면 아시아나항공이 4건에 9천500만 원으로 가장 많았고
대한항공이 5건에 3천만 원, 헬기업체인 럭키항공이 1건에 250만 원
순이었습니다.

올들어 지금까지 모두 8건의 사고가 발생해 현재 항공사고조사위원회의 조사를
받고 있습니다.
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Drive to the airport

Is it Safer to Fly or Drive?
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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.
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Airline-passenger, Car-driver deaths
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Relative car driver fatality
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Auto Fatality Rate Model

Car-driver fatality rate  =

Favg • Mage • Malcohol • Mseat-belt • Mmass • Mroad-type

Estimation of seat-belt fatality factor

I.      Based on survival in crashes —

 

Mseat –belts
Mno–belts

=

driver –fatal crashes

crashes seat –belts
driver –fatal crashes

crashes no –belts  
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Auto Fatality Rate and Seat-Belt Effect

II. Based on fatalities per mile —

For I:

Mseat-belt/Mno-belt = 0.7/1.2  1 : 1.7  Only crash safety

For II:

Mseat-belt/Mno-belt = 0.5/1.4  1 : 2.8   Includes other factors

Which is more honest?

 

Mseat –belts
Mno–belts

=

driver –fatal crashes

miles driven seat–belts
driver –fatal crashes

miles driven no–belts  
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Their auto fatality model

Car-driver fatality rate =

Favg * Mage * Malcohol * Mseat-belt * Mmass * Mroad-type

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:

= 12.6 * 5.10 * 7.7 * 1.4 * 1.36 * 1  =  930 fatalities/billion miles
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Does it matter who is driving?

930/0.8 = 1163
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Which Are Important Factors?

(Sensitivity Analysis)

Age 5.1  to  0.54 = 9.4

Alcohol 7.7  to  0.61 = 12.6

Seat Belt 1.4  to  0.49 =  2.8

Mass 1.4  to  0.73 =  1.8

Road type 1.0  to  0.53 =  1.9
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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
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Death per billion miles
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Safer to Fly or Drive? Abstract
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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?
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Risk Assessment & Comparison

“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 trends 

in age, miles traveled, exposure, technology

Only works if accidents have occurred at a sufficient rate 

over sufficient time to allow estimation of their frequency

R. Wilson and E. Crouch
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Lessons

1. Linear and multiplicative 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. http://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.


