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ABSTRACT 
 

There are two ways to reduce the number of victims in aircraft accidents. The 

first is to reduce the accident rate itself, and the second is to improve passenger and 

crew survivability in each accident. This essay focuses on the second factor because 

the accident rate has stabilized at a ratio of 2 to 3 accidents per one million 

departures since the 70s for airline operation, and 6 to 8 accident per one million 

hours for general aviation. Considering that the improvement of accident rates is 

stabilized, the largest return on safety efforts now may come from the second option. 

The purpose of this research is to find factors which affect passenger and crew 

survivability in aircraft accidents, and to suggest possible policies for survivability.  

I use in this research an accident database provided by National 

Transportation Safety Board which includes accident data since 1983. In my basic 

model, the dependent variable is the rate of fatally or seriously injured persons (RFS), 

and the independent variables are various factors which can affect the RFS, such as 
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occurrence of fire or explosion, the degree of aircraft damage, the flight phase on 

which an accident occurred, lighting conditions, air temperature, the condition of the 

surface where the aircraft landed, the FAR Part number under which the aircraft was 

operated, and a dummy variable for accidents with multiple aircraft. I also add 

several variables in order to deal with database problems. I use left-and-right 

censored Tobit with robust standard errors in my calculation, and addressed usual 

econometric problems when present, such as multicollinearity. 

In my estimation, I find statistically significant effects of several factors on 

RFS. Among them, the factors that seem practically important are: explosion/fire on 

ground, airframe damage (destruction), the flight phases, lighting conditions, weather 

factors, and the difference in FAR parts. I also estimate the effect of independent 

variables for each of FAR operation categories and find factors which are significant 

only in a specific FAR category. For example, an in-flight fire or explosion increases 

the RFS significantly only in air carrier operations.  Also, involvement of multiple 

airplanes increases the RFS significantly only in agricultural operations. The 

significance of these factors reflects the characteristics of the categories such as 

airplane type or operational characteristics.  

Finally, I discuss the policy implications of these results and points we have 

to consider in dealing with my results. We can think of several improvements in 

aircraft equipments and procedures which may prevent the occurrence of these 
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factors or may reduce the negative effect of these factors. These improvements can 

increase the passenger and crew survivability in aircraft accidents and reduce victims.  
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Figure 1.1: Number of GA Hours Flown Annually, 1991-2000 

Source: NTSB4 

Chapter 1.  Introduction 

The demand for air transportation has grown steadily over time. The total hours 

flown by U.S. air carriers operating under Title 14 Code of Federal Regulations Part 

121was about 7.3 million hours in 1983, and 18.0 million hours in 2000.1, 2 Alhough this 

trend was interrupted by the 9/11 terrorist attacks, demand is predicted to increase in the 

future. For example, the 

FAA forecasts that total 

passenger emplanements will 

be reverting back to the its 

previous trend and it will 

increase to 1,049 millions in 

2016 from 688 millions in 

2004. 3  Trends in demand for General 

Aviation (GA) operated under CFR Part 91 are less clear (Figure 1.14). GA hours flown 

increased from 24.1 million in 1994 to 31.2 million in 1999, then declined to about 27.3 

                                                                                                                                                                                                                                                                                                             

1 Aircraft operation is divided into several categories according to the regulation under which each flight is 
operated. Part 121 contains requirements applied to air carriers which operate passenger flights. Part 91 is 
general operating and flight rules. Operations under Part 91 are mostly by small airplanes, such as 
recreational flight. For other categories, see Table 5.10. 
2 National Transportation Safety Board. Survivability of Accidents Involving Part 121 U.S. Air Carrier 
Operations, 1983 Through 2000, Safety Report NTSB/SR-01/01,pp. 2 – 3, 2001 
http://www.ntsb.gov/publictn/2001/SR0101.pdf 
3 Federal Aviation Administration, FAA Aerospace Forecasts FY 2005-2016 Forecast Highlights, 
http://www.faa.gov/data_statistics/aviation/aerospace_forecasts/2005-2016/media/0-BobBowles.ppt 
4 NTSB, Annual Review of Aircraft Accident Data: U.S. General Aviation, Calendar Year 2000, 
NTSB/ARG-04/01, PB2004-105928, June 2004, p.6 
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million in 2004. But demand is predicted to increase again to 32.8 million hours in 2016.5  

Though the air traffic demand continues to increase, accident rates of both air 

carriers and GA have been almost constant for 30 years for air carriers, and at least 10 

years for GA. These trends are apparent in Figure 1.26  and Figure 1.37 . Figure 1.2 

corresponds to accident rates of FAR 121 airplanes, and Figure 1.3 corresponds to those 

of FAR 91 airplanes. By implication, if an action is not taken to reduce the rate of 

accidents, the number of accidents will increase as the air traffic increases. There are two 

ways to deal with this problem. The first is to reduce the accident rate itself, and the 

second is to improve survivability in the accidents. As we can see in Figure 1.2, the 

                                                                                                                                                                                                                                                                                                             

5 FAA, FAA Aerospace Forecasts FY 2005-2016 Forecast Highlights 
6 Boeing Commercial Airplanes, Statistical Summary of Commercial Jet Airplane Accidents Worldwide 
Operations 1959 – 2004, p. 10, http://www.boeing.com/news/techissues/ 

Figure 1.2: Accident Rates and Fatalities by Year, Worldwide Commercial Jet Fleet – 1959 through 
2004 

Source: Boeing Commercial Airplanes6 
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accident rate of commercial jet aircrafts dramatically improved during 1960s. The 

improvement is also clear in Figure 1.4.8 The vertical axis of Figure 1.4 is the accident 

rate of each generation of jet aircraft. The first generation includes aircraft such as 

Boeing 707, 727, DC-8, etc., the second generation includes Boeing 727, DC-9, 737-

100/200, etc., the early wide body includes Boeing 747-100/200/300/SP, DC-10, L-1011, 

and Airbus A300, and the current generation includes Boeing 737-300 through 900, 747-

400, 757, 767, etc. The horizontal axis is years after the introduction of each generation. 

Though the accident rate of the early wide body seems same or larger than that of the 

second generation, the improvement from the first generation to the current fourth 

generation is remarkable. General tendency is that accident rates are smaller for newer 

generations of aircraft than older ones. Because aircraft technology and design are still 

continuously improving and the cause of accidents is analyzed in every accident, 

improvement in aircraft design and equipment will probably continue to reduce accident 

rates. However, considering that the improvement of accident rates is smaller in newer 

generations, the largest return on safety efforts now may come from the second option, 

which is to improve passenger and crew survivability in an accident.  

                                                                                                                                                 

7 NTSB, Annual Review of Aircraft Accident Data: U.S. General Aviation, Calendar Year 2000,  p. 9 
8 Boeing Commercial Airplanes, Statistical Summary of Commercial Jet Airplane Accidents Worldwide 
Operations 1959 – 2004,  p. 11 
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My purpose in this 

study is to examine 

accident-related factors 

which affect survivability 

of people on board on an 

aircraft that suffers an 

accident, and to know the 

size of effect of each factor. 

This is important because 

there is room for 

Figure 1.4: Accident Rates by Years Following Introduction, Hull Loss and/or Fatal Accidents – 
Worldwide Commercial Jet Fleet – 1959 through 2004 

Source: Boeing Commercial Airplanes8 
 

Figure 1.3: General Aviation Accident Rate 1991-2000 

Source: NTSB7 
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improvement in passenger and crew survivability. In fact, despite wide-spread belief to 

the contrary, most aircraft accidents are survivable. 9  According to a study by Civil 

Aviation Authority of the United Kingdom in 1992, “people rated aircraft accidents as the 

least survivable type of transportation accident,” and “32.7 percent of the people the 

CAA surveyed about the likelihood of accident survival believed that they would be 

unlikely to survive an aircraft accident”. 10  However, study shows 95.7% of people 

survived aircraft accidents which involve US air carriers operating under CFR Part 121 

between 1983 and 2000.11 The study focuses on “serious” accidents, which are defined as 

“ones that involved fire (precrash or postcrash), at least one serious injury or fatality, and 

either substantial aircraft damage or complete destruction.” It finds that 7 of the 26 

serious accidents studied were not survivable, but 19 of them were “at least partially 

survivable.”12 The findings of this essay reinforce the view that accidents are survivable 

and lead to related policy implications. 

The structure of this research is as follows: In Chapter 2, I review existing 

research and findings. I explain the database I use in Chapter 3, and my model and 

method in Chapter 4. Chapter 5 is descriptive statistics of the variables I use in my model. 

In Chapter 6, I check and fix possible econometric problems. The modified results are 

described in Chapter 7. In Chapter 8, I discuss various policy implications.  
                                                                                                                                                                                                                                                                                                             

9 NTSB, Survivability of Accidents Involving Part 121 U.S. Air Carrier Operations, 1983 Through 2000, 
p.7 
10 P.J. Fennel and H.C. Muir, Passenger Attitudes Towards Airline Safety Information and Comprehension 
of Safety Briefings and Cards, CAA Paper 92015, quated in NTSB,  Survivability of Accidents Involving 
Part 121 U.S. Air Carrier Operations, 1983 Through 2000, p. 4  
11 NTSB, Survivability of Accidents Involving Part 121 U.S. Air Carrier Operations, 1983 Through 2000, 
p. 7 
12 Ibid, p. 11 
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Chapter 2.  Literature Review 

Many reports analyze the causes of aircraft accidents. In particular, as the 

authority to investigate aircraft accidents, the National Transportation Safety Board 

(NTSB) scrutinizes all aircraft accidents for their causes. And when deemed necessary, 

NTSB issues safety recommendation letters to the person or parties expected to take an 

action. For example, after the TWA 800 accident on July 17, 1996, in which a Boeing 

747 crashed because of an explosion in the center wing fuel tank, NTSB issued a letter to 

recommend Federal Aviation Administration (FAA) to order an inspection of other 747s 

and to require installation of system which decreases the possibility of explosion13. This 

led to a change in the aircraft design regulations by FAA. As part of its duties, NTSB 

publishes an annual aircraft accident statistics. 14  As another example, Boeing 

Commercial Airplanes offers an annual statistical report. 

There are also reports on the second option, improvement of the survivability. For 

example, Davis et al. (1997) focus on postcrash fires. They examine aircraft accidents 

which involve airlines operated under CFR 121 (air carrier) by using NTSB data from 

1983 to 1992. They statistically compared the probability of fatality with and without fire 

and find that postcrash fires significantly increase the risk of fatal and serious injury.15 

                                                                                                                                                                                                                                                                                                             

13 NTSB safety recommendation A-98-34 through -39, April 1998 
14 NTSB, Annual Review of Aircraft Accident Data: U.S. Air Carrier Operations, , PB2004-106609, June 
2004, http://www.ntsb.gov/publictn/2004/ARC0401.pdf, and NTSB, Annual Review of Aircraft Accident 
Data: U.S. General Aviation 
15 E.G. Davis, G. Li, and S.P. Baker, “Mortality and Morbidity Associated with 14 CFR PART 121 Crashes 
in the United States, 1983 – 1992 (Abstract)”, Aviation, Space, and Environmental Medicine Vol. 68, p. 
620, 1997 
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Also, Li et al. (1996) examine the factors which increase the risk of fire.16 They also use 

the NTSB data from 1983 to 1988 and analyze accidents which include air taxi and 

commuter aircraft (CFR 135) by statistically comparing the probability of fire in some 

conditions. They find that non-airport locations, night time conditions, bad weather 

conditions and the number of engines increase the risk of fire.  

Factors other than post crash fire are also found to be related to fatality. Bensyl et 

al. (2001) studied factors related to fatality of air-taxi pilots in accidents in Alaska from 

1990 to 1999. They statistically compared fatality crashes and non-fatality crashes in 

various conditions and concluded that fire, bad weather, crash locations, lighting 

conditions, and shoulder restraint usage were related to fatality rates.17 

In 1995 R.G.W. Cherry & Associates, a European consulting firm, studied the 

factors which determined the survivability of aircraft occupants and the most practicable 

ways to improve survivability. They used the World Airline Accident Summary of the 

Civil Aviation Authority in the U.K. as a primary data source and analyzed 548 accidents 

worldwide from 1973 to 1993. They first draw graphs where horizontal axes represents 

fatality rate, and vertical axes represents proportion of accidents which have certain 

fatality rate to all accident analyzed, and compared the shape of the graphs. Their finding 

was that survivability was lower for accidents which involved fire and ditching in water 

than those did not. They also found that there was no “significant variation of fatality 

                                                                                                                                                                                                                                                                                                             

16 G. Li, S.P. Baker, and R.S. Dodd, “The Epidemiology of Aircraft Fire in Commuter and Air Taxi 
Crashes,” Aviation, Space, and Environmental Medicine Vol. 67, p. 434 – 437, May 1996 
17 Diana M. Bensyl et al, “Factors Associated with Pilot Fatality in Work-related Aircraft Crashes, Alaska, 
1990 – 1999,” American Journal of Epidemiology, Vol. 154, No. 11, pp. 1037 – 1042, 2001 
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rate” that could be attributed to the aircraft weight or aircraft engine type.18 Next, they 

construct a mathematical model in order to examine dozens of factors which could 

improve survivability for their expected improvement and costs, and made 

recommendations about the aircraft system, crew training etc. which could improve 

survivability most efficiently.19 

Based on the R.G.W. Cherry & Associates’ study, the European Transport Safety 

Council (ETSC) conducted a closer examination in 1996 of possible actions to improve 

survivability. Their recommendations include impact reduction by the improvement of 

seat-floor strength and improved shoulder harnesses, improvement in fire survivability by 

the introduction of smoke hoods, and providing more effective evacuation procedures.  

Though these studies unanimously agree that fire is an important factor in 

occupants’ survival, NTSB studied accidents involving CFR Part 121 air carriers from 

1983 to 2000 based on descriptive statistics and found that the cause of death was mostly 

impact, rather than fire. NTSB explains that the reason of this difference between NTSB 

report and ETSC report is the difference in the aviation safety systems in the US 

compared to worldwide systems analyzed in ETSC report20. 

Overall, the previous studies are limited to a specific aircraft operation category 

such as air carrier or air taxi. And they are somewhat dated in view of the speed of 

                                                                                                                                                                                                                                                                                                             

18 They used three categories of Turbojet/Turbofan, Turboprop, and Reciprocating 
19 RGW Cherry & Associates Ltd., “Analysis of Factors Influencing the Survivability of Passengers in 
Aircraft Accidents, reviewed by Robert L. Koenig, Exit-locating Devices, Aircrafttructural Strengthening 
and Improved Crew Drills Called “Most Practicable” Accident-survivability Factors”, Cabin Crew Safety 
Vol. 32 No.1, February 1997 
20 NTSB, Survivability of Accidents Involving Part 121 U.S. Air Carrier Operations, 1983 Through 2000, 
p.19 
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technological improvements and changes in aircraft types. In addition, the geographical 

scope does not match the needs of the United States. Finally, they don’t use rigorous 

econometric techniques, which properly control for many factors to isolate the effect of a 

single determinant. In contrast, I plan to study the survivability econometrically within 

the entire United States in various operation categories using the latest NTSB data. 
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Chapter 3.  Data 

The data I use in this study are from the NTSB aviation accident database. The 

database contains information about civil aviation accidents within the US, its territories 

and possessions which have occurred since 1982. The latest accident registered in the 

database occurred on November 21, 2005. The database includes information about the 

aircraft, pilots, crew, and various surrounding conditions such as weather, lighting, and 

the number of the injured and other factors for each accident. For this database, 

“Accident” is defined as “an occurrence associated with the operation of an aircraft 

which takes place between the time any person boards the aircraft with the intention of 

flight and all such persons have disembarked, and in which any person suffers death or 

serious injury, or in which the aircraft receives substantial damage.”21 

The database is created in Microsoft Access and includes 13 tables. I extracted the 

necessary variables from each table, and “cleaned” and merged them.22 NTSB provides a 

data dictionary, explaining the variables included in each table, their definitions, possible 

values that they can have, and the meaning of variable abbreviations. 

Next, I will discuss some characteristics we have to consider in dealing with this 

dataset. First, the dataset contains only accidents (and small number of incidents). 

Because events which are categorized in “accident” have some characteristics (substantial 

or higher damage to the airframe, or serious or fatal injury), we must interpret the effects 

of airframe damage with care. We also have to consider that the definitions of landing 

                                                                                                                                                                                                                                                                                                             

21 NTSB, GILS: Aviation Accident Database, http://ntsb.gov/Info/gils/gilsac.htm 
22 See Appendix for data cleaning. 
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surfaces do not suit to my purpose in this research. For example, landing on water and 

snow contains emergency or unexpected landing (or crash) on these surfaces as well as a 

normal landing by a flying boat or an airplane with ski.  

Second, air temperatures are unreliable. When I cleaned data, I only assumed that 

data which is more than 50C (122 F) are miscoded.23 But I cannot know exactly which 

observations are miscoded. It is possible that there are more miscoded observations 

which have air temperature of lower than 50, and it is also possible that there were 

correctly coded observations with higher-than-50 temperature. So, I have to say that the 

calculated marginal effects of air temperature can contain some error, though I believe 

that the results are roughly correct. 

 

                                                                                                                                                                                                                                                                                                             

23 See Appendix for data cleaning. 
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Chapter 4.  Model/Method 

The dependent variable in my model is the rate of fatality and serious injury 

(RFS). The dependent variable can be stated as: 

 

 

(4.1) 

 

Independent variables in my model mainly characterize the conditions in which 

the accident has occurred. They include occurrence of fire and explosion on the ground or 

in flight, the degree of aircraft damage, the flight phase on which the accident occurred, 

lighting conditions, air temperature, and the condition of the surface where the aircraft 

landed. In addition, in order to estimate the effect of regulations, I include dummy 

variables which indicate the CFR Part number under which the aircraft was operated. I 

also include a dummy variable for accidents involving multiple aircrafts. The variables 

labeled “unknown,” consist of observations which have missing values in the data or 

those which have valid values of “unknown.” I will exclude them from my discussion on 

the expected signs of coefficient estimates and interpretations in section 5.3 and Chapter 

6, though I will include them in the estimation and provide the related results. This is 

because they are results of problems in both database creation and accident investigation, 

and it is difficult to find reasonable implications for these variables. But rather than 

injurednonofnumbertotalinjuredofnumbertotal
injuredseriouslyofnumbertotalinjuredfatallyofnumbertotal

RFSaccidentanininjuredseriouslyorfatallyofRate

+
+=

)(
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dropping them from my sample, I added them so as not to lose observations. The 

dependent and independent variables are in Table 4.1.  

Table 4.1: The dependent and independent variables 
Dependent Variable The rate of fatally or seriously injured in an accident (RFS) 

Group 1: Aircraft explosion 
Group 2: Aircraft fire 
Group 3: Damage to airframe 
Group 4: Phases of flight 
Group 5: Lighting conditions 
Group 6: Weather conditions 
Group 7: Air temperature 
Group 8: Landing surfaces 
Group 9: FAR operation categories 

Independent Variables 

Group 10: Multiple aircraft involvement 
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Chapter 5.  Descriptive Statistics 

The followings are descriptive statistics of the variables that I use in this essay. 

First, I show the descriptive statistics of the variables that constitute or are related to my 

dependent variable. Next, I show the descriptive statistics of independent variables. 

5.1 Dependent Variable 
In Table 5.1, I show descriptive statistics of the dependent variable, “ratio,” and 

variables used in computing the dependent variable. The dependent variable, “ratio,” is 

computed as defined in equation 4.1. 

 
Table 5.1: Descriptive Statistics of Variables used in constructing the dependent variable 

Variable Description N Min. Max. Med. Mean S.D.  of 
zeros 

ratio Rate of fatality 
and serious injury  48927 0 1 0 0.24 0.41 72.87 

inj_tot_f Injury Total Fatal 52432 0 349 0 0.58 5.35 80.27 
inj_tot_s Injury Total Serious 52432 0 106 0 0.20 1.11 87.02 
inj_tot_m Injury Total Minor 52432 0 380 0 0.36 2.62 81.50 
inj_tot_n Injury Total None 48988 0 699 1 5.25 27.64 33.90 

 

5.2 Independent Variables 
Table 5.2 shows descriptive statistics of an independent variable “acft_expl” 

(Aircraft Explosion). The value “UORG” (Unknown Origin) means that there was an 

explosion in the accident, but whether it was on ground or in-flight is uncertain. The 

value “UNK” means that it is uncertain whether there was an explosion or not. 
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Table 5.2: Descriptive Statistics of “acft_expl” (Aircraft Explosion) (N = 52432) 
Value Description Frequency Percent Cumulative Freq. 

BOTH Ground and In-flight 43 0.08 43 
GRD Ground 1457 2.78 1500 
IFLT In-flight 129 0.25 1629 
NONE None 47784 91.14 49413 
UNK Unknown 3010 5.74 52423 
UORG Unknown Origin 9 0.02 52432 

 

Table 5.3 shows descriptive statistics of an independent variable “acft_fire” 

(Aircraft Fire). The meaning of “UORG” and “UNK” is same as in Table 5.2. “UORG” 

means that it is uncertain whether fire was on ground or in-flight, and “UNK” means that 

it is uncertain whether there was an explosion or not. 

Table 5.3: Descriptive Statistics of “acft_fire” (Aircraft Fire) (N = 52432) 
Value Description Frequency Percent Cumulative Freq. 
BOTH Ground and In-flight 114 0.22 114 
GRD Ground 4836 9.22 4950 
IFLT In-flight 456 0.87 5407 
NONE None 44672 85.20 50083 
UNK Unknown 2344 4.47 52422 
UORG Unknown Origin 10 0.02 52432 

 

Table 5.4 shows descriptive statistics of the damage to the airframe involved in an 

accident. “NONE” means no airframe damage, and “UNK” means unavailability of the 

data. 

Table 5.4: Descriptive Statistics of “damage” (Damage to aircraft) (N = 52432) 
Value Description Frequency Percent Cumulative Freq. 
DEST Destroyed 13275 25.32 13275 
SUBS Substantial 36441 69.50 52399 
MINR Minor 1548 2.95 14823 
NONE None 1135 2.16 15958 
UNK Unknown 33 0.06 52432 
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Table 5.5 shows descriptive statistics of the specific phases of flight when an 

accident occured. For this table, I categorized the phases of flight into 7 categories as you 

can see in the table. 

Table 5.5: Descriptive Statistics of Phase_flt_spec” (Specific Phase of Flight) (N = 52432) 

Description Value of 
“Phase_flt_spec” Frequency Percent Cumulative Freq. 

Before Take Off 500 – 513 2332 4.45 2332 
Take off to Climb 520 – 531 8793 16.77 11125 
Cruise 540 – 542, 580 – 590 8407 16.03 19532 
Descent to Approach 550 – 569 8856 16.89 28388 
Landing and after 570 – 576 20563 39.22 48951 
Other 600 76 0.14 49027 
Unknown 610 3405 6.49 52432 

 

Figure 5.1 shows the distribution of the specific phases of flight. In this table, the 

flight phases are not categorized the phases into 7 categories as in Table 5.5. The 

numbers on the horizontal axes indicate a specific phase of flight. For the meaning of 

these numbers, see Table A.2 in Appendix. 

Figure 5.1: Distribution of “Phase_flt_spec” (Specific Phase of Flight) (N = 52432) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* For the meaning of other numbers assigned to phase of flight, see Table A.2 in Appendix. 
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Descriptive statistics of lighting conditions are shown in Table 5.6. Though this 

variable can take one of 7 values shown in the table, I put “DAWN” and “DUSK” 

together to make “DAWN_DUSK”, and also put “NBRT,” “NDRK,” and “NITE” 

together to make “NIGHT” when I estimate my model. 

Table 5.6: Descriptive Statistics of “light_cond” (Lighting conditions) (N = 52432) 
Value Description Frequency Percent Cumulative Freq. 
DAWN Dawn 537 1.02 537 
DAYL Day 42061 80.22 42598 
DUSK Dusk 1779 3.39 44377 
NBRT Night/Bright 754 1.44 45131 
NDRK Night/Dark 4612 8.80 49743 
NITE Night 386 0.74 50129 
NR Not Reported 2303 4.39 52432 

 

Table 5.7 shows descriptive statistics of weather conditions. In this table, “NON” 

means non-existence of any weather conditions shown in this table, such as the blue sky 

or cloudy weather. 

Table 5.7: Descriptive Statistics of Weather Conditions (N = 48432(1)) 
Value Description Frequency Percent Cumulative Freq. 
A Hail 38 0.08 38 
IC Ice Crystals 10 0.02 48 
IP Ice Pellets 15 0.03 63 
IPW Ice Pellet Shower 4 0.01 67 
L Drizzle 450 0.92 517 
NON None 44741 91.86 45258 
R Rain 1850 3.80 47108 
RW Rain Showers 419 0.86 47527 
S Snow 819 1.68 48346 
SG Snow Grains 8 0.02 48354 
SP Snow Pellets 4 0.01 48358 
SW Snow Shower 183 0.38 48541 
ZL Freezing Drizzle 73 0.15 48614 
ZR Freezing Rain 94 0.19 48708 

(1) Because multiple responses are allowed for weather condition, the number of 
observations (48432) does not correspond to the cumulative total number reported in the 
table (48708). 
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Descriptive statistics of air temperature is in Table 5.8. This is the only independent 

variable which is not included in my model as a dummy. Air temperatures are measured 

in degrees Centigrade. 

Table 5.8: Descriptive Statistics of Air Temperature (N = 46765) 
Variable Description Min. Max. Med. Mean S.D. 

wx_tempC Air Temperature at 
event time (in °C) -60 50 20.00 17.30 12.57 

 

Table 5.9 shows descriptive statistics of landing surfaces. “N/A” includes cases in 

which the aircraft did not make a landing (such as crash into cliff) and those in which the 

aircraft made a unplanned landing. “UNK” includes cases in which the landing surfaces 

were unknown as well as those in which the aircraft made a unplanned landing. 

Table 5.9: Descriptive Statistics of Landing Surface (N = 52432(1)) 
Value Description Frequency Percent Cumulative Freq. 
ASPH Asphalt 18912 38.83 18912 
CONC Concrete 2172 4.46 21084 
DIRT Dirt 2220 4.56 23304 
GRAS Grass/Turf 5337 10.96 28641 
GRAV Gravel 1286 2.64 29927 
ICE Ice 94 0.19 30021 
MACA Macadam 401 0.82 30422 
MTWO Metal/Wood 7 0.01 30429 
N/A Not Applicable 2064 4.24 32493 
SNOW Snow 270 0.55 32763 
UNK Unknown 19815 40.68 52578 
WATE Water 654 1.34 53232 

(1) Because multiple responses are allowed for landing surface, the number of 
observations (52432) does not correspond to the cumulative total number reported in the 
table (53232). 
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Table 5.10: Descriptive Statistics of “Far_part” (Federal Aviation Reg. Part) (N = 52432) 

Value Description Frequency Percent Cumulative Freq. 
091 Part 91: General Aviation 44204 84.31 44204 
091F Part 91F: Special Flt Ops. 31 0.06 44235 
103 Part 103: Ultralight 2 0.01 44237 
105 Part 105: Parachute Jumping 0 0.00 44237 
121 Part 121: Air Carrier 1710 3.26 45947 
125 Part 125: 20+ Pax,6000+ lbs 19 0.04 45966 
127 Part 127: Sched AirCar w/Heli. 0 0.00 45966 
129 Part 129: Foreign 305 0.58 46271 
133 Part 133: Rotorcraft Ext. Load 2 0.00 46273 
135 Part 135: Air Taxi & Commuter 2440 4.65 48713 
137 Part 137: Agricultural 2967 5.66 51680 
141 Part 141: Pilot Schools 0 0.00 51680 
ARMF Armed Forces 13 0.02 51693 
NUSC Non-U.S., Commercial 245 0.47 51938 
NUSN Non-U.S., Non-Commercial 326 0.62 52264 
PUBU Public Use 138 0.26 52402 
UNK Unknown 30 0.06 52432 

 
 

Table 5.10: Descriptive Statistics of “Multiair” (Multiple Aircraft Accident) (N = 52432) 
Value Description Frequency Percent Cumulative Freq. 
0 Single aircraft accident 50882 97.04 50882 
1 Multiple aircraft accident 1550 2.96 52432 

 
 

5.3 The anticipated directions of coefficient estimates 
In this section, I try to predict the signs and relative sizes of the effects of 

independent variables on the dependent variable. I use the �’s in the equation below 

corresponding to each independent variable to specify my expectations. In the equation, 

“ground*inflight” means that explosion/fire occurs both in flight and on ground. As I 

mentioned in Chapter 4, I will exclude “unknown” variables from my discussion in this 

section. 

The regression model is as follows: 
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Ratio of fatal & serious injury (RFS) =  

�0 + �1  aircraft_explosion_ground + �2  aircraft_explosion_inflight 

 + �3  aircraft_explosion_unknown + �4  aircraft_explosion_unknown_origin  

+ �5  aircraft_explosion_ground*inflight + �6 aircraft_fire_ground  

+ �7  aircraft_fire_inflight + �8  aircraft_fire_unknown  

+ �9  aircraft_fire_unknown_origin + �10  aircraft_fire_ground*inflight 

+ �11 aircraft_damage_destroyed + �12 aircraft_damage_substantial 

+ �13 aircraft_damage_minor + �14 aircraft_damage_unknown 

+ �15 phase_of_flight_beforeTO + �16 phase_of_flight_TOtoClimb  

+ �17 phase_of_flight_descent&approach + �18 phase_of_flight_landing&after 

+ �19 phase_of_flight_unknown + �20 lightning_condition_dawn&dusk  

+ �21 lightning_condition_night + �22 lightning_condition_unknown  

+ �23 weather_condition_exceptNON + �24 weather_condition_unknown 

+ �25 air_temperature + �26 landing_surface_asphalt 

 + �27 landing_surface_concrete + �28 landing_surface_dirt 

+ �29 landing_surface_grass + �30 landing_surface_gravel 

+ �31 landing_surface_ice + �32 landing_surface_macadam  

+ �33 landing_surface_metal/wood + �34 landing_surface_snow  

+ �35 landing_surface_water + �36 landing_surface_not_applicable  

+ �37 landing_surface_unknown + �38 FAR_Part121 + �39 FAR_Part135 

+ �40 FAR_Part137 +�41 FAR_others + �42 FAR_unknown + �43 multiple_aircraft 
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The baseline categories for ordinal variables related to explosion, fire, and 

damage are the respective non-occurrences of each event. As I mention in Chapter 2, a 

study found there was a statistically significant relationship between fatality and post-

crash fire.24 Furthermore, it is natural to think that in-flight events are more dangerous 

than those on ground. So, �1, �2, �4, �6, �7 and �9 are expected to be positive and �1 < �2 

and �6 < �7. On the other hand, �5 and �10 are expected to be negative because one would 

expect that the danger of occurrence of both events will be less than the summation of 

danger of the two individual events. Regarding airframe damage, a higher level of 

damage is probably associated with a higher risk of injury. So, �11 to �13 are positive and 

�11 > �12 > �13. 

The baseline category for the phase of flight is “cruise” because “cruise” accounts 

for most flight time. For example, a commercial jet aircraft which have 1.5 hours of flight 

duration has cruise time of 57% of the entire flight time on average.25 Then, �15 to �18 are 

expected to be positive because proximity to ground relative to cruise (baseline category) 

increases the risks of crash. Also, ground proximity allows the pilots less time to 

counteract to some malfunction or unexpected event. And �16 and �17 are expected to be 

larger than �15 and �18 because the impact of accidents on passengers or crew will be 

smaller when aircraft is on ground, and therefore fatalities and serious injuries will be 

fewer. But these expectations are approximate because relative sizes of effect of phases 
                                                                                                                                                                                                                                                                                                             

24 Diana M. Bensyl et al (2001) 
25 Boeing Commercial Airplanes, Statistical Summary of Commercial Jet Airplane Accidents Worldwide 
Operations 1959 – 2004, p. 16 
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of flight are determined by the balance between the force of impact and time available to 

avoid and accident, and these factors cannot be anticipated.  

The baseline category for lighting condition is daytime. Because poor lightning 

conditions increase the difficulty of rescue and evacuation, �20 and �21 are expected to be 

positive and �20 < �21. Also, �23 is expected to be positive because rain or snow also 

increase the difficulty of evacuation. In particular, one study shows that daylight 

significantly reduces the fatality of a crash, and poor weather condition increases it .26 

Next, �25 is expected to be negative because cold weather makes evacuation and 

rescue difficult through icing. Cold weather also makes it difficult for people involved in 

an accident to survive until they are rescued. There is no baseline category for the landing 

surface because this variable allows multiple responses and they are not mutually 

exclusive.27 I expect �35 to be positive based on a study that finds ditching in water 

increases fatality.28 But I find no other research on whether roughness or softness of the 

landing surface has a larger influence on fatality. 

The effect of the FAR Part number is compared to the baseline category, FAR 

Part 91 (General Aviation). Because commercial operation rules are stricter than GA, and 

airlines are under the highest standard, both �38 and �39 are negative and |�38| < |�39|. I 

expect �40 to be negative because agricultural-use airplanes will mainly fly on flat fields 

and that makes emergency landing easier. I have no expectation about �41 which includes 

                                                                                                                                                                                                                                                                                                             

26 Diana M. Bensyl et al. (2001) 
27 I address the implications of this issue on the estimations and take necessary measures to test its 
relevance in section 6.5 
28 RGW Cherry & Associates Ltd. (1995) 



 

23 

all operation categories other than those specified. Finally, �43 is positive because 

accidents with multiple airplanes mean higher relative speed and higher risk. 
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Chapter 6.  Main Model and Methods of Estimation 

6.1 Two-way Tobit 
The two-way Tobit (left- and right-censored) is the main econometric model 

because the dependent variable, the ratio of fatal and serious injury (RFS), ranges only 

between 0 and 1, and consists of many right-censored observations as well as left-

censored observations. Of the 43,698 observations, 31,926 (73.0%) have the ratio of 0, 

and 9,303 (21.3%) have the ratio of 1. The number of uncensored observation is 2,469 

(5.6%). Two-way Tobit models are suited to deal with this type of data.29, 30 

6.2 FAR operation categories 
I expect that coefficients of some of the independent variables vary with operation 

categories because airplanes used in each category are different, and operation conditions 

are also different. For example, airplanes in FAR 121 (air carrier) are mostly large 

airplanes which can accommodate more than 100 people, while FAR 91 (general 

aviation) and FAR 137 (agriculture) cover small airplanes. FAR 137 airplanes are rarely 

used at night or during winter. Because of these reasons, although I run a regression 

which includes all operation categories in order to estimate the effect of independent 

variables in general, I also run separate regressions for each operation category in order 

to examine differences among operation categories. 

                                                                                                                                                                                                                                                                                                             

29 M. Verbeek, A Guide to Modern  Econometrics, Chichester, West Sussex, England: John Wiley & Sons, 
Ltd., 2000, p.197 
30 J. Kmenta, Elements of Econometrics, Ann Arbor, MI: The University of Michigan Press, 1997, pp.560-
562 
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6.3 Additional Dummies 
6.3.1 Incident dummy 

The database in this study is primarily composed of accident data. But it also 

involves some “incidents.” By definition, incidents do not involve a fatality or serious 

injury, or substantial airframe damage.31 It is useful to include incidents because they are 

investigated by NTSB, and are close to accidents. But because they are different from 

accidents, I added a dummy variable in the model. The descriptive statistics for the 

incident dummy are shown in Table 6.1. 

Table 6.1: Descriptive Statistics of “inc” (Incident) (N = 52432) 
Value Description Frequency Percent Cumulative Freq. 

0 Accident 50597 96.50 50597 
1 Incident 1835 3.50 52432 

 

6.3.2 Year dummy 

Technology improves in time, and it may affect the dependent variable in this 

essay. Air traffic control systems, aircraft equipments, and emergency procedures are 

examples of areas which are improving. But a technology variable is not available. So, I 

first added dummy variables which represent the year an accident occurred. This variable 

can capture technological change due to, for example, advancements in air traffic control 

or changes in safety regarding procedures. I estimated my two-way Tobit model with 23 

dummies from 1983 to 2005 (1982 is the baseline category), and found a clear difference 

                                                                                                                                                                                                                                                                                                             

31 Though by definition this is true, the database includes 21 observations which are characterized as 
incident and include a fatality or serious injury. The total number of incidents is 1835, including the 21 
observations. 
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of RFS before and after 2001 (Table 6.2). Within the "before 2001" group and the "2001 

and after" group, there were a few year dummies which were statistically significant, but 

the differences of RFS are mostly insignificant. Based on this result, I added a dummy for 

"2001 and after." 

 

Table 6.2: The coefficient estimates on year dummies (N = 43698)(1) 

Year Coefficient 
Estimates 

Standard 
Error p 

1983(2) 0.023 0.134 0.865 
1984 -0.199 0.135 0.140 
1985 -0.169 0.139 0.224 
1986 0.131 0.142 0.356 
1987 0.192 0.140 0.172 
1988 0.256 0.143 0.074 
1989 0.149 0.144 0.300 
1990 -0.046 0.142 0.746 
1991 0.370 0.155 0.017 
1992 0.416 0.156 0.008 
1993 0.041 0.148 0.780 
1994 0.114 0.145 0.434 
1995 0.007 0.145 0.960 
1996 0.238 0.148 0.107 
1997 0.007 0.149 0.963 
1998 -0.162 0.151 0.282 
1999 -0.121 0.150 0.417 
2000 0.066 0.149 0.657 
2001 -2.533 0.263 <0.001 
2002 -2.421 0.279 <0.001 
2003 -2.477 0.243 <0.001 
2004 -3.050 0.311 <0.001 
2005 -3.021 0.343 <0.001 

(1) This table provides a subset of the regression results 
table. All other independent variables which are used in 
the main model (discussed in Chapter 7) are included. 
Coefficient estimates are calculated using two-way Tobit 
with robust standard errors, as in Chapter 7. For the 
complete table, see Appendix Table A.5. 

(2) 1982 is the baseline category. 
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Because technological or procedural changes could not have affected injury rate 

of 2001 so dramatically, the difference should be attributed to problems of database. One 

explanation is the renewal of the accident database on Jan 1, 2001. That renewal may 

have changed the way of inputting data. This suspicion is supported by a fact that I 

cannot calculate RFS for about 40% of accidents in 2001 and after mostly because the 

total number of non-injuries is not entered in many observations, while the percentage is 

less than 1% before 2001.32  There are unidentified differences between observations 

which have complete injury data and those which have missing injury data, and that is 

why year dummies are significant for 2001 and after. This new dummy reflects the 

difference of database creation and also the unknown difference. The descriptive statistics 

of “2001 and after” dummy are shown in Table 6.3. 

 

Table 6.3: Descriptive Statistics of “after2001” (Accidents in 2001 or after) (N = 52432) 
Value Description Frequency Percent Cumulative Freq. 

0 Accident in 2000 or before 44041 84.00 44041 
1 Accident in 2001 or after 8391 16.00 52432 

 

6.4 Heteroskedasticity 
Heteroskedasticity affects standard errors and make the statistical significance of 

coefficient estimates uncertain. To determine whether there is heteroskedasticity in my 

model, I first ran the regression by using OLS with the incident dummy and the “2001 

and after” dummy, and regressed the squared residuals from the regression on all 
                                                                                                                                                                                                                                                                                                             

32 For 3347 out of 8391 observations (39.89%) in 2001 and after, I cannot get the fatal and serious injury 
ratio. For observations before 2001, the number is 158 out of 44041 (0.36%).  
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independent variables.33 The joint significance of all independent variables was more 

than 99.99% (F45, 43658 = 83.26), which suggests the presence of the heteroskedasticity 

problem.  

Second, I used the “hettest” command of STATA. The result supported the former 

result. The obtained �2 was 5390.40, and the statistical significance was less than 0.0001.  

In total, these results indicated the existence of strong heteroskedasticity. So, I 

decided to use robust standard errors in my computation. Because this dataset has a large 

number of observations, this change produces valid standard error.34 

6.5 Multicollinearity 
Collinearity among independent variables can be a problem because it makes 

standard errors of coefficient estimates large and therefore makes the estimates unreliable. 

I checked for possible collinearity among independent variables and found several high 

correlations, which implies that addressing the multicollinearity may be important.35 

First, explosion and fire are highly correlated (Table 6.4). This is not a surprise 

considering that fire is sometimes caused by explosion, or explosion is induced by fire. 

Because these high correlations can increase standard errors of coefficient estimates on 

fire and explosion, and because they are similar kinds of events and are expected to have 

similar effect on injury rate, I created new variables “Explosion or Fire” for each of “on 

ground”, “in flight”, etc. Descriptive statistics of these variables are shown in Table 6.5. 

                                                                                                                                                                                                                                                                                                             

33 J.M. Wooldridge, Introductory Econometrics, Mason, OH: South-Western, 2003, p.265 
34 Ibid., p.261 
35 Ibid., p.97 
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Table 6.4: Correlation between fire and explosion (N = 52432) 
Explosion 

 
On ground In flight Unknown Unknown 

Origin 
Ground and

 Inflight 

On ground 0.516(1) 

(<0.0001)(2) 
0.050 

(<0.0001) 
-0.044 

(<0.0001) 
0.021 

(<0.0001) 
0.089 

(<0.0001) 

In flight 0.066 
(<0.0001) 

0.448 
(<0.0001) 

-0.020 
(<0.0001) 

-0.001 
(0.753) 

0.273 
(<0.0001) 

Unknown -0.037 
(<0.0001) 

-0.012 
(0.005) 

0.857 
(<0.0001) 

-0.003 
(0.516) 

-0.006 
(0.156) 

Unknown 
Origin 

-0.002 
(0.587) 

-0.001 
(0.856) 

-0.003 
(0.435) 

0.422 
(<0.0001) 

-0.000 
(0.928) 

Fire 

Ground and 
Inflight 

0.110 
(<0.0001) 

0.348 
(<0.0001) 

-0.010 
(0.025) 

-0.001 
(0.889) 

0.613 
(<0.0001) 

(1) Correlations shown in bold letters are those which have the same type of occurrence (on 
ground – on ground, in flight – in flight, etc.), and significant high positive correlations. 

(2) p-values are provided in parentheses 
 

Table 6.5: Descriptive Statistics of “efxxxx”* (explosion or fire) (N = 52432) 

Value Description Frequency 
of 0 

Frequency 
of 1 

Percentage 
of 1 

efgrd_iflt Ground and In-flight 47442 4990 9.52 
efgrd Ground 51831 601 1.15 
efiflt In-flight 49372 3060 5.84 
efunk Unknown 52417 15 0.03 
efuorg Unknown Origin 52318 114 0.22 

* The part “xxxx” indicates the situation when fire or explosion occurs. 

Other than explosion and fire, there are several combinations of independent 

variables which are “not insignificantly” correlated.36 First, explosion or fire on ground is 

correlated with the damage level of “destroyed” (r = 0.449, p < 0.0001) and “substantial” 

(r = –0.399, p < 0.0001). Though this can affect the standard error, I have not adjusted the 

model to reduce the risk of multicollinearity because these variables contain different 

types of information. For example, damage is caused not only by fire and explosion, but 

also by the impact of a crash or contact with external objects. Second, FAR121 and 
                                                                                                                                                                                                                                                                                                             

36 Though there is no definition of strong correlation, I consider correlation of higher than 0.30 as “not 
insignificant.” (ref. Joseph F. Healey, Statistics, Belmont, CA, Thompson Wadsworth, 2005, p. 404)  
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“damage-minor” are correlated (r = 0.3384, p < 0.0001). This can be a problem. But it is 

not a good idea to drop either of them because each of them has information which 

cannot be obtained from the other variables. Also since I also run a regression for each 

operation category, the characteristics of FAR 121 can be known in the regression result. 

Third, there are correlations among the “after2001” dummy and the “unknown” dummy 

variables such as “weather condition – unknown”, “lighting condition – unknown” and 

“explosion or fire – unknown” (Table 6.6). I made no adjustments for these correlations 

because these dummies are not the foci of this research. They are mainly results of 

problems in the database creation and not results of accident. So, keeping them as they 

are is the surest way of keeping information in the model without affecting other 

coefficient estimates. 

Finally, different conditions of the landing surface have strong multi-collinearity 

with one another. In this database, landing condition allows multiple responses. In some 

events, for example, landing surface could be both asphalt and grass. I initially included 

all landing surface dummies in the model even though they are not exclusive. But 

actually, observations which have multiple landing surfaces are rare. So, the landing 

surface dummies are almost mutually exclusive, and it is almost perfectly collinear. For 

example, if I regress “Landing on asphalt” on all of other landing surface dummies, I 

obtain R2 as high as 0.942. This can influence standard errors. But when I tried a model 

in which I drop one landing surface dummy, I found the standard errors are still large and 



 

31 

p-values are large, though R2 decreased to an insignificant level. 37  This means that 

solving the multicollinearity problem for landing surface by dropping some of the 

variables does not lead to reliable coefficient estimates, either. Therefore, I decided to 

leave all landing surface dummies in the model. 

Table 6.6: Correlation between “unknown” dummies (N = 52432) 

 After2001 Weather Lighting Explosion or
 fire 

After2001 1.000 
(<0.0001) – – – 

Weather 0.381 
(<0.0001) 

1.000 
(<0.0001) – – 

Lighting 0.227 
(<0.0001) 

0.601 
(<0.0001) 

1.000 
(<0.0001) – 

Explosion or fire 0.298 
(<0.0001) 

0.647 
(<0.0001) 

0.741 
(<0.0001) 

1.000 
(<0.0001) 

1) p-values are provided in parentheses 
 

6.6 Possible Omitted Variables Issues 
There is a possibility of omitted independent variable problems. If omitted 

variables are correlated with both the dependent variable and independent variables in the 

model, they bias the coefficient estimates. A possible omitted variable is a pilot skill. I do 

not include this variable in my model because that is unavailable. Pilot skills can be 

related to both the dependent variable, the ratio of fatally and seriously injured, and 

dependent variables such as explosion or fire, airframe damage, and landing surface. 

Better pilot skills may be negatively related with RFS, and are also negatively related to 

                                                                                                                                                                                                                                                                                                             

37 If I drop “asphalt" from the model and regress “concrete” on the other landing surface dummies, R2 drops 
to 0.062. But when I regress RFS on independent variables except asphalt, coefficient estimates on landing 
surface dummies are still insignificant at 95% confidence level except “unknown” and “not applicable,” 
which had been significant before I dropped “asphalt.” 
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explosion/fire and airframe damage. But even though I do not include a pilot skills 

variable, I think that pilot skills are already roughly captured in my model by FAR 

operation category dummies because there are pilot certificate requirements for each 

FAR operation categories, for example, airline pilot certificate is required for FAR 121 

(Air carrier) operations.38 So, I expect the effect of the omitted variable on my result is 

small. 

 

6.7 Outliers 
There is no outlier problem in this model. This is because the dependent variable 

ranges only between 0 and 1 and has no outlier, and all independent variables are dummy 

variables except air temperature. Air temperature also does not have any outliers because 

I recoded unrealistically high temperatures (higher than 50 degrees Centigrade) based on 

an assumption that they are mistakenly coded in degrees Fahrenheit (See Appendix). 

 

                                                                                                                                                                                                                                                                                                             

38 There are several grades of pilot certificate: student, recreational, private, commercial, and airline 
transport pilot. These may be one way to roughly measure pilot skills. Other than grades, “rating”or 
authorization is required for each special operation. 
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Chapter 7.  Results 

7.1 Main results 
The direction (+/–) and statistical significance of the marginal effect (ME) of each 

independent variable in the modified model is shown in Table 7.1. The magnitudes of 

MEs at mean values are also shown in the Table. In the table, the MEs are 

“unconditional” expectations. Recall that the “unconditional” expected marginal effect of 

each independent variable is obtained by using the following equation: 

y: the dependent variable 
  : given combination of independent variables 
xj: one of independent variables 
�j: the coefficient estimate on xj 
x� : inner product of vectors x and � 

 
In this estimation, while many of variables have expected signs, some variables 

have directions of marginal effects which do not correspond to what I expected in section 

5.3. As I discuss below, these directions seem to be appropriate when I consider various 

factors more deeply. It can be said that my prediction in section 5.3 was immature.  

One of these is the insignificant MEs of “explosion/fire-in-flight” and 

“explosion/fire-unknown origin.” One explanation for this result may be that explosion or 

fire causes damage to the airframe without external impact such as a hard landing or 

contact with other objects, and accidents which include explosion or fire tend to involve 

weaker impacts than those without fire even if they involve the same level of damage, 
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Table 7.1: Signs and MEs (at means) of Independent Variables 
(2-way Tobit with Robust Standard Errors, N = 43698) 

Dependent Variable: Rate of fatal and serious injury Signs MEs 
Incident –***(1) –0.160 

on ground +*** 0.101 
in flight – –0.016 
unknown +*** 0.050 
unknown origin + 0.025 

Explosion or Fire 

on ground * inflight –*** –0.081 
destroyed +*** 0.041 
substantial –*** –0.409 
minor –*** –0.081 

Airframe damage 

unknown –* –0.097 
before take off –*** –0.130 
take off – climb –*** –0.079 
descent – approach +*** 0.015 
landing and after –*** –0.193 

Phase of flight 

unknown –*** –0.047 
dawn and dusk – –0.007 
night +*** 0.051 Lighting condition 
unknown + 0.003 
at least one weather factor +*** 0.068 Weather 
unknown –** –0.024 

Air temperature +* 0.000 
asphalt + 0.000 
concrete + 0.002 
dirt – –0.006 
grass + 0.012 
gravel – –0.018 
ice – –0.034 
macadam +# 0.045 
metal/wood + 0.182 
not applicable +*** 0.060 
snow – –0.018 
unknown +*** 0.066 

Landing surface 

water + 0.003 
121 (air carrier) –*** –0.056 
135 (air taxi & commuter) –** –0.016 
137 (agricultural) –*** –0.108 
others – –0.014 

FAR part 
(operation category) 

unknown + 0.001 
Multiple airplanes –*** –0.038 
Accident year 2001 and after –*** –0.135 

(1) ***, **, *, and # represent p-value of less than 0.01, 0.05, 0.1, and 0.15 respectively. 
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such as destroyed or substantial damage. In such accidents, fatal and serious injuries are 

caused by fire and the number of the injured by impact is fewer than in accidents with 

strong impacts. Recall that these coefficient estimates indicates the effects of 

explosion/fire holding other variables in the model constant, including the damage to the 

airframe. Since damage is caused either by impact or by explosion/fire, this result 

suggests that it is “better” to have the damage by explosion/fire than to have it by impact 

force. This explanation is partly supported by the fact that in air carrier operation there 

are more fatalities from impact than from fire in serious or survivable accidents.39 

A second unexpected result is that substantial airframe damage leads to fewer 

fatal and serious injuries than minor or no airframe damage, and minor damage leads to 

fewer injuries than no damage. One reason for this result may be the definition of an 

“accident.” As I mentioned in Chapter 3, an accident is defined as “an occurrence 

associated with the operation of an aircraft … in which any person suffers death or 

serious injury, or in which the aircraft receives substantial damage.”40 So, accidents with 

“minor damage” or “without damage” (the baseline category of these variables) must 

always include fatal or serious injury41 and have high RFSs because of the definition. 

That is why “accidents” with substantial damage to the airframe tend to have fewer 

injuries than “accidents” with minor and no damage. 

                                                                                                                                                                                                                                                                                                             

39 NTSB, Survivability of Accidents Involving Part 121 U.S. Air Carrier Operations, 1983 Through 2000, 
p. 21 
40 NTSB, GILS: Aviation Accident Database, http://ntsb.gov/Info/gils/gilsac.htm 
41 In case of “no damage”, the proportion of observations which include no fatal or serious injury is much 
lower than in the case of “minor damage”. The dataset contains 20 “accidents” (4.1%) which include no 
airframe damage and no fatal and serious injury. Typically, these are occurrence of dangerous situations 
such as near collision. The total number of “accidents” which include no airframe damage is 491. 
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The relationship (negative coefficient of the minor damage variable relative to no 

damage) is a dataset problem. Though “accidents” with minor damage to the airframe 

must be accompanied by fatal or serious injury by definition, there are many observations 

in the database with no such injury. Of the 384 observations which are categorized in 

“accident” and with minor airframe damage, 203 observations (52.9%) involve no fatal or 

serious injury. In the case of “no damage”, the proportion of observations which include 

no fatal or serious injury is much lower than in the case of “minor damage”. The database 

contains 20 “accidents” (4.1%) which involve no fatal and serious injury out of 491 non-

airframe damage accidents. Typically, these out-of-definition observations are 

occurrences of dangerous situations. But because of presence of these out-of-definition 

observations, the RFS of an airplane with minor damage is higher than that of an airplane 

with no damage. 

Third, the relative RFSs among phases of flight are also different from what I 

would expect. The results show that accidents before take off or at the time of landing 

and after landing have a lower RFS than the (baseline) cruise phase of flight. I believe 

this may be true because aircraft on the ground do not receive the strong impact of a 

crash. Though the impact should be partly measured and captured by the airframe 

damage, we cannot know the exact damage within each damage level category because 

damage can be caused by other factors such as fire or explosion. I suspect that accidents 

before take off or after landing have relatively light damage within each damage level 

category. Table 7.2 tells us that accidents before take off and during landing and after 
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tend to have less damage to airframe than those in other phase of flight, and this implies 

that damage within the damage level category is relatively low. Regarding the low RFS 

of the take off/climb phase, I think it is lower than in the cruise phase because the 

effected airplane will be close to an airport and can return to the airport easily. I think the 

descent/approach phase is most dangerous because it includes controlled flight into 

terrain (CFIT) where an accident can be caused by a pilot’s misunderstanding of altitude, 

and where the accident tends to be a high-impact crash. 

Table 7.2: The correlation between flight phase and airframe damage (N = 52432) 

 Before Take 
Off 

Take Off – 
Climb Cruise Descent – 

Approach 
Landing and 
after 

Destroyed –0.0970***(1) –0.0207*** 0.2284*** 0.2441*** –0.3097*** 
Substantial –0.0045 0.0114*** –0.2217*** –0.2233*** 0.3372*** 
Minor 0.1498*** 0.0137*** –0.0142*** –0.0323*** –0.0355*** 
None 0.1286*** 0.0094** 0.0354*** 0.0162*** –0.0982*** 

(1) *** and ** represent p-value of less than 0.01 and 0.05 respectively. 
 

Fourth, the contrary to my expectation, the ME of air temperature is positive. It is 

certain that cold weather is hard on human beings and makes rescue difficult, and lower 

temperature also causes troubles such as ice accumulation on a wing, windshield, or some 

other aircraft control surface. However, it is also possible that these kinds of accidents 

result in relatively lower RFSs and some other problems which tend to happen in higher 

temperatures lead to relatively higher RFSs. That may explain why the ME is positive.  

Fifth, as to landing surface, “not applicable” is associated with a high RFS, and 

“water” does not produce a significant increase in RFS even though it has a positive 

coefficient. This may be because unexpected landings at sites other than airports are often 
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categorized in “not applicable” (or “unknown”), and “water” does not necessarily mean 

ditching, but landings on water by flying boats. So, it may be that I cannot separate the 

effect of landings on water by flying boats in my estimation. 

Sixth unexpected result is the low RFS of FAR 137 (agriculture). I think this 

result is because of the differences in operational characteristics. Agricultural operation 

tends to be over flat fields, and at low altitudes. In such an operational condition, RFS 

should be lower. In my model, I cannot include topographical factors or operational 

characteristics. But these factors may be captured by the FAR 137 dummy. That is why 

FAR 137 has a low RFS. 

Finally, accidents which include multiple airplanes are associated with lower 

RFSs. This may be because multiple-airplane accidents tend to happen in airports where 

both airplanes have low speeds. It is rare that two airplanes collide in midair, though such 

an accident will drastically increase the RFS. In fact, multiple-airplane accidents are 18% 

(p<0.0001) correlated with before-take-off phase, whereas it is only slightly correlated 

with other phases of flight.42 

 

7.2 Results by FAR operation category 
In this section, I show the results for each FAR operation categories. Because of 

the differences of operational characteristics, the results are partly different from the main 

results. Therefore, there are results which do not correspond to my prediction in section 

                                                                                                                                                                                                                                                                                                             

42 Take off/Climb: r = -0.018, p = 0.0002, Descent/Approach: r = 0.018, p= 0.0002, Landing and after: r = 
0.092, p < 0.0001 
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5.3 and which are not explained in the former section. I make an explanation about such 

results and discuss the differences among operation categories in this section. 

The marginal effect (ME) of each independent variable calculated by FAR 

operation category is shown in Table 7.3. Each column represents one of the operation 

categories: FAR 91 (general aviation), 121 (air carrier), 135 (air taxi and commuter), 137 

(agricultural), and “others.” In Table 7.4, the ME of each independent variable at means 

is shown. As is the case in Table 7.1, these MEs are “unconditional” expectation of MEs 

calculated by equation 7.1. 

7.2.1 General Aviation (FAR 91) 

The result in the general aviation category is very similar to the results of the 

main regression discussed in the previous section. This is because observations in general 

aviation accidents account for 84.9% of all observations used in this calculation.43 The 

only major difference is that the ME of “destroyed airframe” is now negative, but it’s not 

statistically significant at 90% confidence level. As I mentioned in the previous chapter, 

because of the definition of “accident,” accidents with no airframe damage is likely to 

have high RFSs. Though “airframe destruction” means strong impact and high risk of 

injury, the RFS of accidents with no airframe damage is also high, and that leads to 

negative effect of “airframe destruction” compared to “non-damage.” As shown in Table 

7.3, MEs of “airframe destruction” are still positive and significant in “air carrier” and 

“others” FAR categories. Negative effects can be seen only in “general aviation” and 

                                                                                                                                                                                                                                                                                                             

43 Out of 43698 observations, 37112 are categorized in general aviation. 
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Table 7.3: Marginal Effect of Independent Variables by FAR category  
(Two-way Tobit Model with Robust Standard Errors) 

 
Dependent Variable: Rate of fatal and serious injury (RFS) 

Operation Category Gene Carrier Taxi Agri Others 
(N) (37112) (1421) (2140) (2623) (394) 

Incident –***(1) –*** –*** –*** –*** 
on ground +*** +* +*** +*** – 
in flight – +*** – – + 
unknown +*** – + + +# 
unknown origin +     

Explosion or 
Fire 

on ground * inflight –*** –# – + + 
destroyed –# +*** + –* +*** 
substantial –*** –*** –*** –*** –*** 
minor –*** –*** –*** – –* 

Airframe 
damage 

unknown –**  –  + 
before take off –*** – –*** –** –** 
take off – climb –*** + –*** –*** – 
descent – approach +*** + + – – 
landing and after –*** –** –*** –*** –*** 

Phase of flight 

unknown –*** – –* – – 
dawn and dusk – – – + +# 
night +*** +# +** – + Lighting 

condition 
unknown – +# + + –* 
at least one weather 
factor +*** + + +** + Weather 
unknown –* – –* – – 

Air temperature +** – – – + 
asphalt – + + – + 
concrete – + – – +# 
dirt – –*** + – –*** 
grass + –*** – –  
gravel –* – – + +* 
ice –  +  +*** 
macadam + – +# +** –*** 
metal/wood +     
not applicable +*** + + + + 
snow – + +  + 
unknown +*** + + + +* 

Landing 
surface 

water – –*** + –*** –*** 
Multiple airplanes –*** –*** –# +** – 
Accident year 2001 and after –*** –*** –** –*** –*** 

(1) ***, **, *, and # represent p-value of less than 0.01, 0.05, 0.1, and 0.15 respectively. 
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Table 7.4: Marginal Effect (at means) of Independent Variables by FAR category  
(Two-way Tobit Model with Robust Standard Errors) 

 
Dependent Variable: Rate of fatal and serious injury 

Operation Category Gene Carrier Taxi Agri Others 
(N) (37112) (1421) (2140) (2623) (394) 

Incident –0.16*** –0.05*** –0.18*** –0.10*** –0.23*** 
on ground 0.11*** 0.01* 0.10*** 0.06*** –0.01 
in flight –0.01 0.02*** –0.02 –0.06 0.04 
unknown 0.06*** –0.00 0.02 0.02 0.11# 
unknown origin 0.05     

Explosion or Fire 

on ground * inflight –0.10*** –0.00# –0.06 0.04 0.04 
destroyed –0.03# 0.38*** 0.04 –0.10* 0.30*** 
substantial –0.53*** –0.01*** –0.43*** –0.44*** –0.22*** 
minor –0.12*** –0.00*** –0.11*** –0.06 –0.07* Airframe damage 

unknown –0.13**  –0.07  0.12 
before take off –0.15*** –0.00 –0.11*** –0.09** –0.13** 
take off – climb –0.08*** 0.00 –0.08*** –0.10*** –0.04 
descent – approach 0.02*** 0.00 0.01 –0.01 –0.06 
landing and after –0.21*** –0.00** –0.16*** –0.12*** –0.15*** 

Phase of flight 

unknown –0.05*** –0.00 –0.05* –0.02 –0.04 
dawn and dusk –0.01 –0.00 –0.04 0.03 0.13# 
night 0.06*** 0.00# 0.04** –0.03 0.02 Lighting condition 
unknown –0.00 0.01# 0.05 0.03 –0.09* 
at least 1 weather factor 0.08*** 0.00 0.02 0.13** 0.05 Weather 
unknown –0.02* –0.00 –0.03* –0.03 –0.06 

Air temperature 0.00** –0.00 –0.00 –0.00 0.00 
asphalt –0.00 0.00 0.00 –0.01 0.07 
concrete –0.01 0.01 –0.02 –0.01 0.16# 
dirt –0.00 –0.01*** 0.02 –0.02 –0.14*** 
grass 0.01 –0.01*** –0.07 –0.00  
gravel –0.03* –0.00 –0.00 0.08 0.62* 
ice –0.07  0.04  0.58*** 
macadam 0.03 –0.01 0.19# 0.44** –0.14*** 
metal/wood 0.18     
not applicable 0.06*** 0.00 0.04 0.02 0.11 
snow –0.02 0.03 0.00  0.13 
unknown 0.07*** 0.00 0.04 0.04 0.14* 

Landing surface 

water –0.01 –0.01*** 0.10 –0.10*** –0.13*** 
Multiple airplanes –0.04*** –0.01*** –0.04# 0.13** –0.06 
Accident year 2001 and after –0.16*** –0.00*** –0.06** –0.11*** –0.13*** 
� 3.26 0.20 1.43 17.84 0.99 
Log Likelihood -16327.82 -71.61 -814.54 -986.52 -186.24 

(1) ***, **, *, and # represent p-value of less than 0.01, 0.05, 0.1, and 0.15 respectively. 
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“agricultural” operation, but these are not statistically significant at 10% and 5%, 

respectively. This may be because “air carrier” or “others” generally involve large 

airplanes. If an airplane involved in an accident can accommodate a large number of 

people, we can imagine that fatal or serious injury could affect a small number of people 

without damage to the airframe, e.g., as could happen in the case of turbulence. In the 

case of small airplanes used in “general aviation” and “agricultural” operation, fatal or 

serious injury of one person increases the RFS a lot more than in the case of large 

airplanes. Therefore, RFS of accidents without damage to airframe is likely to be low 

among large airplanes, and high among small airplanes.44 

7.2.2 Air Carrier (FAR 121) 

Compared to general aviation, there are fewer independent variables which are 

statistically significant in “air carrier” operation. This is likely because of fewer 

observations. The same can be said about the other operation categories which have 

fewer observations and fewer significant variables. There is no significant independent 

variable in the air carrier category which has ua ME with an unexpected sign that has not 

been explained in the previous section. Here, I will discuss only differences between 

FAR 121 (air carrier) and other operation categories. 

First, in the FAR 121 category, “explosion or fire in flight” has a positive 

significant ME on RFS. This is as I expected at first, but “air carrier” is the only 

operation category which has a positive significant ME for “explosion/fire in flight.” In 
                                                                                                                                                                                                                                                                                                             

44 In fact, the mean RFSs of accidents without damage on airframe are 0.27 for general aviation and 0.38 
for agricultural, whereas they are 0.014 for air carrier and 0.015 for “others.” 
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the previous section, I explained the overall insignificance of “explosion or fire in flight” 

in connection with airframe damage. But air carrier operation generally uses large 

airplanes and the occurrence of an explosion or fire is not necessarily connected to heavy 

damage to the airframe. So, the effect of an explosion or fire is not reduced by the effect 

of airframe damage variables. That is why explosion or fire significantly increases RFS in 

air carrier operation as I expected. 

Second, RFS in air carrier operation is generally not affected by the phase of 

flight, lighting condition, or weather factors except the flight phase of “landing and 

after.” This can be explained by the size of airplanes. A large airplane is less affected by 

such factors. The negative significant ME of “landing and after” can be explained as in 

the previous section. Because airplanes on ground tend not to receive strong impact of 

crash, the RFS is low for accident which occurred at the time of “landing and after.” 

Third, the ME of air temperature is insignificant. Among the 5 FAR categories, 

the only one where air temperature has a significant effect is general aviation. This is 

because larger airplanes with sophisticated design are used in air carrier or air taxi 

operations and these airplanes are less affected than smaller airplanes by changes in 

temperature. Also agricultural airplanes are generally operated in warmer weather and are 

not exposed to freezing conditions. To illustrate this difference, note that the mean 

temperature for general aviation is 17.4 degrees Centigrade, and for agricultural 

operation, 23.4 degrees Centigrade. Also, the percentage of accidents in sub-zero 
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conditions is 9.1% (3390 accidents) for general aviation and 2.6 % (68 accidents) for 

agricultural operation. 

Fourth, the characteristics found in landing surfaces are different for airplanes in 

the different FAR categories. In an air carrier operation, landing on dirt, grass, and water 

significantly reduces RFS. But the number of observations in which the airplane landed 

on these surfaces is extremely small (3 for dirt, 2 for grass, and 1 for water out of 1421 

total observations in the FAR 121 category). So, the coefficient estimates for these 

landing surfaces may be too sensitive to additional observations. The lack of sufficient 

variation in data can be applied also to other FAR categories. The number of agricultural 

airplanes which landed on macadam is 8, and on water is 6 out of 2623 total observations. 

In the “other” category, the number is 3 for dirt, 7 for gravel, 3 for ice, 6 for macadam, 

and 1 for water out of 391 total observations. 

The negative ME of multiple airplane involvement can be explained in the same 

way as in general aviation. Multiple airplane involvement is weakly correlated with the 

“before-take-off” phase (r = 0.17, p<0.0001), whereas it is only slightly correlated with 

other phases of flight.45 

                                                                                                                                                                                                                                                                                                             

45 Take off/Climb: r = -0.028, p = 0.245, Descent/Approach: r = -0.018, p= 0.465, Landing and after: r = 
0.088, p < 0.0003 
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7.2.3 Air taxi and Commuter (FAR 135), Agricultural (FAR 137), 

and “Other” Operation categories 

The only major difference between FAR categories 91 (general aviation) and 121 

(air carrier), and 135 (air taxi and commuter), 137 (agricultural), and “Other” Operation 

categories is the positive ME of multiple airplane involvement in the agricultural 

category. However this is what I expected at first. The reason why multiple airplane 

involvement has a positive effect on RFS only in agricultural accidents is that agricultural 

airplanes tend to be involved in multiple airplane accidents in the air. In the agricultural 

category, compared to other operation categories, the “multiple airplane” dummy has the 

weakest correlation with the “before take off” flight phase (r = 0.1284, p < 0.0001) and 

the strongest correlation with “airframe destruction” (r = 0.0658, p < 0.0001). These 

numbers indicate a higher incidence of midair collision, possibly because agricultural 

airplanes tend to fly over a specific field at low altitude. 
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Chapter 8.  Policy Implications  

The purpose of this research was to analyze the factors that affect aircraft accident 

survivability and propose methods to reduce fatal or serious injury in aircraft accidents. 

The results of my main regression, shown in Table 7.1, indicate that several factors 

significantly affect RFS. Table 8.1 is the list of these factors. Factors which positively 

affect (increase) the RFS are in the left column of Table 8.1, and those which negatively 

affect (decrease) the RFS are in the right column. 

Table 8.1: Factors which affect the RFS 
Positive effect (Increase the RFS) Negative effect (Decrease the RFS) 

• Explosion or fire on ground 
• Destroyed airframe 
• Accidents at descent to approach phase of 

flight 
• Existence of weather factors 
• Poor lighting conditions (night) 
• Air temperature 

• Operation categories of FAR 121, 135, 
and 137 

• Involvement of multiple airplanes 

 

In some of these cases, effects on survivability can be influenced by preventive 

action or rapid emergency response. Explosion or fire on ground can be prevented on the 

ground, or before take-off and after landing. Though it is difficult to prevent them if the 

fuel tank is the source of fire, or the engine or electric wiring are severely damaged in the 

accident, there can be ways which possibly reduce RFS such as the increased availability 

of fire extinguisher or the disconnection of the battery or generator.46 

                                                                                                                                                                                                                                                                                                             

46 Equipment of fire extinguishers in crew, passenger, cargo, and engine compartments are already required 
by FAA. The safety of electrical system, including disconnection of electrical power sources, is also 
already required by FAA. 
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Second, airframe damage is difficult to reduce because it is related to the impact 

the airplane receives. Even if airplanes are made stronger and they become difficult to be 

destroyed, the changes are meaningless if they increase the impact on people on board. 

Because the impact can be partly absorbed by the destruction of the airframe (as in the 

case of automobile), a strong airframe is not necessarily a good solution. 

Third, higher RFS in the descent/approach phase is probably connected to specific 

accident type such as CFIT. If this is so, improvements are possible to reduce this kind of 

accident.47 But discussing them is beyond the scope of this essay because reducing CFIT 

is to reduce the rate of accident, and my purpose is to increase the survivability of an 

accident, as I mentioned in Chapter 1. 

Fourth, poor lighting conditions are significant because they make it difficult to 

find the airplane in case an accident happens somewhere far from an airport or city. Poor 

lighting also makes it difficult for people on board to escape from the airplane. We can 

improve this situation with equipment that helps rescue people find the airplane48 or 

lighting equipment that makes evacuation easy. But lighting equipment might be 

dangerous because it increases the possibility of fire. Lighting condition is also possibly 

related to accident type because poor sight increases the possibility of a crash. 

The fifth factor, weather conditions, is similar to the lighting conditions. It affects 

the difficulty of finding the airplane, it makes it difficult to survive after evacuation, and 

it is possibly related to the accident type. So, the ways to improve the situation are the 

                                                                                                                                                                                                                                                                                                             

47 In fact, much effort has been made to reduce CFIT, such as GPWS (Ground Proximity Warning System). 
48 An example is ELT (Emergency Locator Transmitter) 
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same, except that we need something which keeps evacuated passengers dry and warm 

instead of well lit.  

The sixth factor, air temperature, is difficult to deal with. There can be design 

improvement to reduce troubles which are typical in higher temperature. But because the 

effect of this variable is smaller than other variables, its priority is low. 

Next, consider the factors which have a negative effect on RFS. As are shown in 

Table 8.1, they are operation categories of FAR 121, 135, and 137, and involvement of 

multiple airplanes. Differences of RFS among operation categories have implications for 

both aircraft design and operational regulation. General aviation, which is mostly 

individual non-commercial flight, tends to have higher fatal or serious injury rates in 

addition to the higher accident rates. 49  As to FAR 121 (air carrier) and FAR 135 

(commuter/air taxi), the better RFSs are attributed to airplane type and higher level of 

operational requirements. Operations in these categories use larger airplanes than those in 

general aviation. These planes are also more stable, equipped with various safety devises, 

and subject to many operational requirements to secure passenger safety in addition to 

those required in FAR 91. They are also maintained by professional engineers, and 

operated by professional pilots. These jobs require higher levels of skill than in general 

aviation. Whether it is appropriate to impose higher standards on general aviation is 

unclear. On one hand, it will reduce RFS as well as the accident rate, but on the other, it 

                                                                                                                                                                                                                                                                                                             

49 According to NTSB preliminary statistics in 2005, accident rate was 0.171 (scheduled) and 0.942 
(unscheduled) per 100,000 flight hour for FAR 121, 2.000 (commuter) and 2.002 (on-demand) for FAR 
135, and 6.83 for FAR 91. (Table 1 of NTSB NEWS, SB-06-14, March 17, 2006, from 
http://www.ntsb.gov/aviation/Table1.htm) 
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deprives some people of the chance for general aviation operation and imposes more 

costs on operators. 

Though it is no wonder that the FAR 121 and 135 have lower RFSs than FAR 91, 

it is interesting that FAR 137 (agricultural) also has a significantly lower RFS than FAR 

91. This may be because agricultural operations are mostly over flat and specific (well-

known to the pilot) field and they fly at low altitude. 

I next discuss the differences among coefficients from separate estimations for 

FAR categories which can be seen in Table 7.3. Although all operation categories receive 

similar direction of marginal effect from the independent variables, there are several 

characteristics worth noting. The first result is the significance of explosion or fire in-

flight under FAR 121. This suggests the necessity of preventing fire as well as of 

equipment to save people from fire or accompanying smoke. Fire extinguishers or smoke 

hoods can be useful in these situations. But it is also true that the size of effect of fire or 

explosion is much smaller than that of airframe damage. This result corresponds to the 

NTSB findings I referred to in Chapter 250. It means that reducing high-impact accidents 

is the most important preventative measure. The second result is the significance of 

multiple airplane involvement under FAR 137. As I explained in section 7.2.3, this 

suggests the importance of differences in operational conditions in FAR 137 and also 

suggests the danger of multiple airplane involvement if it happens in midair. Some kinds 

                                                                                                                                                                                                                                                                                                             

50 NTSB, Survivability of Accidents Involving Part 121 U.S. Air Carrier Operations, 1983 Through 2000, 
p.21 
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of equipment to prevent midair collision, such as collision warning system may be 

beneficial for agricultural operation with multiple airplanes.51 

In summary, factors which I think should be focused in order to reduce fatality in 

aircraft accidents are explosions or fires on the ground, lighting conditions, weather 

factors, and differences of safety requirements among operation category. In flight fire or 

explosion are also important for air carrier operations, and multiple airplane involvement 

is important for agricultural operations. 

 

                                                                                                                                                                                                                                                                                                             

51 As to involvement of multiple airplanes in the other operation categories, there is little practical 
implication because we cannot encourage multiple airplane accidents simply to reduce the RFS 
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Chapter 9.  Conclusion 

In this research, I tried to find factors which affect passenger and crew 

survivability in aircraft accidents by using a two-way Tobit model. As a result of 

calculation, I found statistically significant effects of several factors on the fatal and 

serious injury rate. Among them, those which seem practically important in reducing the 

rate are explosion or fire on ground, poor lighting conditions, and existence of weather 

factors. A factor which significantly decreases the rate is the differences of operation 

categories. I also conducted computations for each of FAR operation categories. Though 

I found that the effects of independent variables were generally similar across the 

categories, there were several differences which presumably result from differences in 

airplane type or operation. Especially, I think the significance of in-flight fire in air 

carrier operations and multiple airplane involvement in agricultural operations are 

important factors because the significance of these factors reflect the characteristics of the 

operation categories.  

As I discussed in Chapter 8, these findings can be hints to improve passenger and 

crew survivability in aircraft accidents. But farther research is possible by clarifying 

definition of variables such as landing surface, adding more variables such as 

topographical information or equipment, and complementing missing values in 2001 and 

after. 
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Appendix 

1. Data Cleaning 

First, I extract from the entire database only the airplane data (the database 

includes accidents of any kinds of aircraft such as airplanes, helicopters, balloons, etc. 

which are totally different from each other). I think it is inappropriate to deal with them 

in the same model. By extracting only airplanes, I focus only on survivability in airplane 

accidents. If the aircraft category is coded unknown or missing but I can know the 

category from the name of aircraft, I recode them and keep them in the database, 

otherwise I omit the observation. 

Second, I supplement missing values of the number of fatal, serious, minor, none, 

and total injury. The operations I make on these variables are provided in Table A.1. 

Basically, I change missing value to zero if I can recognize it as zero by using the 

information from the other variables. If an observation has no injury data at all after I 

supplement the data, I drop it from the database.  

Third, I recode “UNK” (Unknown) as missing data in variables Aircraft 

explosion, Aircraft fire, Damage to airframe, Landing surface, and FAR Part. Similarly, I 

recode “NR” (Not Reported) as missing data in Lighting condition. In the case of the 

phase of flight, I recode “610” (Unknown) as missing data and data which have a value 

that is not included in the data dictionary. 

Forth, as to air temperature, I assume that data which is more than 50C (122 F) 

are miscoded as degrees Fahrenheit. I converted them into degrees Centigrade. 
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Finally, because there are some observations which are categorized as airplane but 

operated under FAR 103 (Ultralight) and 133 (Rotorcraft external load operations), I 

examine and drop them if I can confirm that they are ultralight or rotorcraft. I keep them 

if I cannot confirm. 
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Table A.1: Data cleaning of the number of the injured 
 

Fatal 
(F) 

Serious 
(S) 

Minor 
(M) 

None 
(N) 

Total 
(T) Cleaning method 

. . . . . Drop 
A . . . . S=M=0, N= . , T=A 
. A . . . F=M=0, N= . , T=A 
. . A . . F=S=0, N= . , T=A 
. . . A . F=S=M=T=0 
. . . . A If A=0 then F=S=M=0 
A B . . . M=0, N= . , T=A+B 
A . B . . S=0, N= . , T=A+B 
A . . B . S=M=0, N= . ,T=A 
A . . . B If A=B, then S=M=0 and N= . ,else Drop 
. A B . . F=0, N= . , T=A+B 
. A . B . F=M=0, T=A 
. A . . B If A=B then F=M=0 and N= . , else Drop 
. . A B . F=S=0, T=A 
. . A . B If A=B then F=S=0 and N= . , else Drop 
. . . A B If B=0, F=S=M=0 
A B C . . T=A+B+C, N= . 
A B . C . M=0, T=A+B 
A B . . C If A+B=C then M=0 and N= . , else Drop 
A . B C . S=0, T=A+B 
A . B . C If A+B=C then S=0 and N= . , else Drop 
A . . B C If A=C then S=M=0, else Drop 
. A B C . F=0,T=A+B 
. A B . C If A+B=C then F=0 and N= . , else Drop 
. A . B C If A=C then F=M=0, else Drop 
. . A B C If A=C then F=S=0, else Drop 
A B C D . T=A+B+C 
A B C . D If A+B+C=D then no change, else D=A+B+C 
A B . C D If A+B=D then M=0, else Drop 
A . B C D If A+B=D then S=0, else Drop 
. A B C D If A+B=D then F=0, else Drop 
A B C D E If A+B+C=E then no change, else E=A+B+C 

A, B, C, D, and E represent numerical values of each variable. “.” represents missing value. 
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2. Specific phase of flight 

In Table A.2, the specific phase of flight when an accident occur which is 

assigned to the code number (in the left column) is shown. These codes are referred to in 

Table 5.5 and Figure 5.1. 

Table A.2: Numbers assigned to the variable “Phase_flt_spec” 
 

500 Standing 
501 Standing - pre-flight 
502 Standing - starting engine(s) 
503 Standing - engine(s) operating 
504 Standing - engine(s) not operating 
505 Standing - idling rotors 
510 Taxi 
511 Taxi - pushback/tow 
512 Taxi - to takeoff 
513 Taxi - from landing 
514 Taxi - aerial 
520 Takeoff 
521 Takeoff - roll/run 
522 Takeoff - initial climb 
523 Takeoff - aborted 
530 Climb 
531 Climb - to cruise 
540 Cruise 
541 Cruise - normal 
542 Maneuvering - holding (IFR) 
550 Descent 
551 Descent - normal 
552 Descent - emergency 
553 Descent - uncontrolled 
560 Approach 
561 Approach - VFR pattern - downwind 
562 Approach - VFR pattern - turn to base 
563 Approach - VFR pattern - base leg/base to final 
564 Approach - VFR pattern - final approach 
565 Go-around (VFR) 
566 Approach - Initial approach fix (IAF) to final approach fix (FAF)/outer marker (IFR) 
567 Approach - final approach fix (FAF)/outer marker to threshold (IFR) 
568 Approach - circling (IFR) 

(continues to next page) 
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569 Missed approach (IFR) 
570 Landing 
571 Landing - flare/touchdown 
572 Landing - roll 
573 Landing - aborted 
574 Emergency landing 
575 Emergency landing after takeoff 
576 Emergency descent/landing 
580 Maneuvering 
581 Maneuvering - aerial application 
582 Maneuvering - turn to reverse direction 
583 Maneuvering - turn to landing area (emergency) 
590 Hover 
591 Hover - in ground effect 
592 Hover - out of ground effect 
600 Other 
610 Unknown 
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3. Preliminary Regression 

I use the two-way Tobit model technique because that is technically the 

appropriate one when the dependent variable contains many observations with maximum 

or minimum values of the variable, in this case, 0 or 1. But I also tried to estimate the the 

OLS and the one-way Tobit models as a diagnostic exercise to check the robustness of 

the results. Here, I show the results from all these models. In these computations, I used 

all data regardless of FAR operation category. I estimated the models without considering 

econometric issues. 

The direction (+/–) of marginal effect of each independent variable for each model 

is shown in Table A.3. Table A.4 provides additional detail including coefficient 

estimates on independent variables for all models. There are two columns for Tobit 

models in which I drop “Explosion – unknown origin” and “Fire – unknown origin” 

respectively. This is because convergence is not achieved for the Tobit models when I 

include all independent variables. However, by excluding either of these two independent 

variables, I achieve convergence. 

The table indicates the directions of the marginal effects are very consistent across 

the models. There are only a few differences in the statistical significance or the direction 

of the marginal effects, and these can be attributed to minor differences in the models. 

Since these estimations are surely diagnostic, I do not dwell on these results. 

These tables are my starting points. In Chapter 6, I examined the validity of the 

result for problems such as heteroskedasticity and collinearity, and made necessary 
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corrections in the independent variables and calculation methods. The results after those 

corrections are given in Chapter 7. Chapter 7 also includes an explanation of independent 

variables which have unexpected marginal effect on the dependent variable. I discuss 

policy implications and possible problems in the results in Chapter 8. 
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Table A.3: Marginal Effect of Independent Variables (N = 43698) 
 
Dependent Variable: Rate of fatal and serious injury 

Model OLS Tobit1(2) Tobit2 
on ground +***(1) +*** +*** 
in flight +** + + 
unknown – – – 
unknown origin +*  + 

Explosion  

on ground * inflight + + + 
on ground +*** +*** +*** 
in flight –*** –*** –*** 
unknown +*** +** +** 
unknown origin –* –  

Fire 

on ground * inflight –*** –** –** 
destroyed +*** +*** +*** 
substantial – –*** –*** 
minor – –*** –*** 

Airframe 
damage 

unknown +*** + + 
before take off –*** –*** –*** 
take off – climb –*** –*** –*** 
descent – approach +*** +*** +*** 
landing and after –*** –*** –*** 

Phase of flight 

unknown –*** –*** –*** 
dawn and dusk –# – – 
night +*** +*** +*** 

Lighting 
condition unknown –# + + 

at least one weather factor +*** +*** +*** Weather unknown –*** –*** –*** 
Air temperature + +** +** 

asphalt – – – 
concrete – – – 
dirt – – – 
grass – + + 
gravel – –# –# 
ice – – – 
macadam + +# +# 
metal/wood + + + 
not applicable +*** +*** +*** 
snow – – – 
unknown +*** +*** +*** 

Landing 
surface 

water –# + + 
121 (air carrier) –*** –*** –*** FAR part 
135 (air taxi & commuter) –*** –*** –*** 

(continues to next page) 
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137 (agricultural) –*** –*** –*** 
others –** – – 

(operation 
category) 

unknown + – – 
Multiple airplanes –** –* –* 

(1) ***, **, *, and # represent p-value of less than 0.01, 0.05, 0.1, and 0.15 respectively. 
(2) I dropped “Explosion – unknown origin” in Tobit 1, and “Fire – unknown origin” in Tobit2 in 

order to make the computations finish. 
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Table A.4: Coefficient Estimate on Independent Variables (N = 43698) 
 

Dependent Variable: RFS OLS Tobit1(2) Tobit2 
Constant  0.200***(1)) –0.034 –0.034 

on ground 0.101*** 0.115*** 0.115*** 
in flight 0.060** 0.125 0.125 
unknown –0.003 –0.071 –0.071 
unknown origin 0.624*  0.331 

Explosion  

on ground * inflight 0.027 0.126 0.126 
on ground 0.059*** 0.144*** 0.144*** 
in flight –0.063*** –0.147*** –0.147*** 
unknown 0.058*** 0.171** 0.171** 
unknown origin –0.341* –0.269  

Fire 

on ground * inflight –0.163*** –0.268** –0.268** 
destroyed 0.523*** 0.640*** 0.640*** 
substantial –0.002 –0.471*** –0.471*** 
minor –0.006 –0.449*** –0.449*** 

Airframe 
damage 

unknown 0.245*** 0.193 0.193 
before take off –0.178*** –0.502*** –0.502*** 
take off – climb –0.109*** –0.240*** –0.240*** 
descent – approach 0.020*** 0.051*** 0.051*** 
landing and after –0.181*** –0.619*** –0.619*** 

Phase of flight 

unknown –0.046*** –0.085*** –0.085*** 
dawn and dusk –0.010# –0.021 –0.021 
night 0.045*** 0.116*** 0.116*** Lighting 

condition 
unknown –0.023# 0.009 0.009 
at least one weather factor 0.065*** 0.110*** 0.110*** Weather unknown –0.050*** –0.207*** –0.208*** 

Air temperature 0.000 0.001** 0.001** 
asphalt –0.008 –0.031 –0.031 
concrete –0.008 –0.054 –0.054 
dirt –0.011 –0.026 –0.026 
grass –0.004 0.021 0.021 
gravel –0.018 –0.083# –0.083# 
ice –0.014 –0.107 –0.107 
macadam 0.022 0.106# 0.106# 

metal/wood 0.121 0.481 0.481 
not applicable 0.042*** 0.156*** 0.156*** 
snow –0.016 –0.072 –0.072 
unknown 0.041*** 0.147*** 0.146*** 

Landing 
surface 

water –0.027# 0.020 0.020 
121 (air carrier) –0.118*** –0.304*** –0.304*** FAR part 
135 (air taxi & commuter) –0.033*** –0.088*** –0.088*** 

(continues to next page) 
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137 (agricultural) –0.120*** –0.398*** –0.398*** 
others –0.036** –0.058 –0.057 

(operation 
category) 

unknown 0.025 –0.046 –0.046 
Multiple airplanes –0.019** –0.046* –0.046* 
�  0.712 0.712 

(1) ***, **, *, and # represent p-value of less than 0.01, 0.05, 0.1, and 0.15 respectively. 
(2) I dropped “Explosion – unknown origin” in Tobit 1, and “Fire – unknown origin” in Tobit2 in 

order to make the computations finish. 
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The complete table of Table 6.2 

Table A.5: Coefficient Estimates on Independent Variables with Year Dummy (N = 43698) 
 

Dependent Variable: Rate of fatal and serious injury 2-way Tobit 
Constant 1.639***(1) 
Incident –6.835*** 

on ground 1.121*** 

in flight –0.195 
unknown 0.590*** 

unknown origin 0.381 
Explosion or Fire 

on ground * inflight –1.380*** 
destroyed 0.507*** 
substantial –4.137*** 
minor –1.345*** 

Airframe damage 

unknown –1.823** 
before take off –2.861*** 
take off – climb –1.192*** 
descent – approach 0.189*** 
landing and after –2.702*** 

Phase of flight 

unknown –0.612*** 
dawn and dusk –0.096 
night 0.603*** Lighting condition 
unknown –0.023 
at least one weather factor 0.796*** Weather unknown –0.304* 

Air temperature 0.004** 
asphalt 0.065 
concrete 0.074 
dirt –0.026 
grass 0.212 
gravel –0.180 
ice –0.456 
macadam 0.612* 
metal/wood 1.687 
not applicable 0.484* 
snow –0.160 
unknown 0.903*** 

Landing surface 

water –0.094 
121 (air carrier) –0.848*** 
135 (air taxi & commuter) –0.210** 
137 (agricultural) –1.973*** 
others –0.224 

FAR part 
(operation category) 

unknown –0.019 
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Multiple airplanes –0.553*** 
1983(2) 0.023 
1984 –0.199# 
1985 –0.169 
1986 0.131 
1987 0.192 
1988 0.256* 
1989 0.149 
1990 –0.046 
1991 0.370** 
1992 0.416*** 
1993 0.041 
1994 0.114 
1995 0.007 
1996 0.238# 
1997 0.007 
1998 –0.162 
1999 –0.121 
2000 0.066 
2001 –2.533*** 
2002 –2.421*** 
2003 –2.477*** 
2004 –3.050*** 

Year 

2005 –3.021*** 
� 2.888 
Log Likelihood –19413.82 

(1) ***, **, *, and # represent p-value of less than 0.01, 0.05, 0.1, and 0.15 respectively. 
(2) 1982 is the baseline category. 
 


