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What is ASRS? 
 
The Aviation Safety Reporting System (ASRS) was 
established in 1975 in a joint effort between NASA, 
who would administer the program, and the FAA, the 
original financial supporters of the program. The main 
purpose of the ASRS is to collect, analyze, and re-
spond to voluntarily submitted aviation safety inci-
dent reports in order to lessen the likelihood of avia-
tion accidents.  According to the NASA ASRS web-
site, the data is used to: 
 
• Identify deficiencies and discrepancies in the Na-

tional Aviation System (NAS) so that these can be 
remedied by appropriate authorities. 

• Support policy formulation and planning for, and 
improvements to, the NAS. 

• Strengthen the foundation of aviation human fac-
tors safety research. This is particularly important 
since it is generally conceded that over two-thirds 
of all aviation accidents and incidents have their 
roots in human performance errors. 

 
How does it work? 
 
Pilots, air traffic controllers, flight attendants, me-
chanics, ground personnel, and others involved in 
aviation operations submit reports to the ASRS when 
they are involved in, or observe, an incident or situa-
tion in which aviation safety was compromised; all 
submissions are voluntary. 
 
Each report is read, analyzed, and hazards or hazard-
ous situations are identified. Once the hazards are 
identified, information is then forward to the respec-

tive organizations who may then review the informa-
tion and take any necessary corrective actions. 
 
At the same time, analysts will classify the incident 
report by the type of hazard presented, and any 
causes,  recommendations, or other observations will 
be noted.  The de-identified incident report will then 
be incorporated into the ASRS database. 
 
What about confidentiality? 
 
All ASRS reports are held in strict confidence and 
will be de-identified provided there the incident did 
not involve criminal actions or meets the NTSB’s 
definition of an accident. As long as an incident is 
reported within 10 days of occurrence, the ASRS will 
not be used against a reporter in regards to enforce-
ment actions. The reporter will also be provided with 
protection against any civil penalties as well as any 
license suspension or revocations. The only exception 
to this exists when there is an intentional violation of 
the FARs; in this case a person will not be immune 
from a civil penalty or certificate suspension if the 
FAA learns of the violation from another source. 
 
How does ASRS release its findings? 
 
NASA releases generalized information regarding 
ASRS reports as well as other research studies in sev-
eral different forms.  
 
• Callback is a monthly safety bulletin that summa-

rizes ASRS research studies and related safety 
information. Additional ASRS reports are released 
along with any supporting information 

Aviation Safety Reporting System 



 

• ASRS Directline is a safety bulletin that is periodi-
cally published for major organizations who tend 
to operate more complex aircraft.  

• When ASRS analysts note any hazardous situa-
tions resulting from a report, the analyst may send 
an alerting message directly to an operator of au-
thority so that corrective actions may be taken. 

• NASA also keeps a database of all ASRS reports; 
the reports are classified into certain subject areas 
for easier searches. Database searches may be re-
quested by persons wanting to obtain information 
on certain areas of study relating to aviation 
safety.  

 
ASRS Today 
 
NASA’s ASRS has become a foundation and inspira-
tion to a wide variety of anonymous safety reporting 
systems including the UK’s Confidential Human Fac-
tors Incident Reporting System Programme (CHIRP). 
The ASRS has received over 300,000 reports over the 
years and has acted on every one. As long as reports 
submitted, ASRS will continue to be effective in 
pointing out deficiencies within our national aviation 
program as well as proposing any new actions that 
will remediate these deficiencies.  
 
 
ASRS Links 
 
NASA’s ASRS homepage: 
 http://asrs.arc.nasa.gov 
 
ASRS reporting forms: 
 http://asrs.arc.nasa.gov/forms_nf.htm 
 
FAA policies regarding ASRS can be found via      
Advisory Circular (AC) 00-46C, FAR 91.25, and in 

the Facility Operations and Administration Handbook 
(7210.3M). 
 - or -  visit the FAA webpage at: 
  http://www.faa.gov 
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What is ASAP? 
 
The Aviation Safety Action Program (ASAP) is a pro-
gram designed to give those involved in flight opera-
tions a method of reporting actual or potential risks 
within daily operations without fear of legal, regula-
tory, or disciplinary action. ASAP aims at encourag-
ing air carrier and repair station employees to volun-
tarily report safety information that may be critical in  
identifying potential precursors to accidents. Under 
ASAP, safety issues are resolved through corrective 
actions rather than through punishment or discipline. 
Currently, only FAR Part 121 air carriers and FAR 
Part 145 domestic repair stations are eligible to par-
ticipate in ASAP.  
 
How does it work? 
 
An employee involved in flight operations, such as a 
pilot or mechanic, submits an event report concerning 
a possible violation of the FARs or any other flight 
safety concern; the report  must be filed within 24 
hours of the time the employee became aware of the 
situation.  
 
The event report is then sent to an Event Review 
Committee (ERC) who will then determine whether 
or not to accept the report into ASAP. The three 
members of the ERC (management representative, 
FAA representative, and another third party) must 
reach a consensus on actions to be taken concerning 
the ASAP incident report.  
 
If a report is accepted into ASAP, then the ERC will 
see that corrective actions are taken in order to pre-
vent the same situation from occurring in the future; 
the employee must also comply with the ERC recom-
mendations. Additionally, the FAA may respond with 
a letter of administrative action or a letter of no ac-
tion. Basically, all a letter of administrative action 
will either contain a warning or corrective action no-
tice, but this record will not become a part of the em-
ployee’s permanent record.  

 
A report will not be accepted into ASAP if: 
 
• the submitter was not an acting employee for the 

organization. 
• the event involves criminal actions, substance 

abuse, controlled substance abuse, or falsification 
of data. 

• the submitter does not send in the report within 24 
hours of becoming aware of the incident 

• the event involves an intentional disregard for 
safety. 

• a consensus is not reached concerning the incident 
report. 

 
If an event is excluded from ASAP, the event will be 
referred to the FAA for possible enforcement action, 
but the content of the report will not be used to initi-
ate / support company discipline or as evidence for 
FAA enforcement action.  
 
ASAP vs. ASRS 
 
According to the Air Line Pilots Association (ALPA), 
less than half of the reports included in NASA’s 
Aviation Safety Reporting System (ASRS) involved 
events where an airmen’s certification might be 
placed on the line. Although ASRS provides protec-
tion against civil penalties and license suspension or 
revocation, it did not provide protection from the le-
gally binding fact that the reporter might be guilty of 
a violation of the FARs. Under ASAP, accepted re-
ports are usually closed administratively without a 
finding of guilt.  
 
ASAP is an important addition to NASA’s ASRS pro-
gram, but it is not meant to serve as a replacement for 
the ASRS program. Although some programs will 
automatically forward events covered under ASAP to 
ASRS, it is probably a good idea to file a separate 
ASRS report. This way the incident reporter will also 
be covered against any fines or threats of license / cer-
tificate suspension. Just remember that ASRS reports 

Aviation Safety Action Programs 
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need to be filed within 10 days of the incident while 
ASAP reports need to be filed within 24 hours of be-
coming aware of the incident.  
 

 
This chart illustrates the process that an event filled to 
ASAP will go through. For more information on 
ASAP, see the links below. 
 
ASAP Links: 
 
Advisory Circular (AC) 120-66B  
 
FAA ASAP website: 
http://www1.faa.gov/avr/afs/afs200/afs230/asap/
index.cfm 

 



FSI - Anthology II           7 
 

The Overview: 
 
The National Transportation Safety Board (NTSB) is 
an independent government agency chartered with the 
responsibility to thoroughly investigate transportation 
incidents and accidents. Its primary purpose is to de-
termine the “Probable Cause” of these mishaps and to 
issue recommendations to help prevent further acci-
dents. More specifically, the NTSB has the authority 
to investigate all aviation, highway, rail, marine, and 
pipeline events. In our case, we will focus on their 
role in aviation.  
 
The NTSB’s five senior managers or “Board Mem-
bers” (See the NTSB organizational chart on page 
10). are appointed by the President and confirmed by 
Congress. They serve for a specified term and repre-
sent the people to ensure the NTSB fulfills its man-
date. They oversee the agency’s efforts and are the 
final authority in determining an accident’s facts, con-
ditions, circumstances, and probable cause. Unlike the 
FAA, the NTSB has no regulatory authority, and its 
recommendations focus on promoting transportation 
safety, not punitive certificate action. The Board re-
ports to Congress for funding and oversight.   
  
The Board’s headquarters is in Washington, D.C. with 
nine other regional offices in Chicago, Dallas / Ft. 
Worth, Los Angeles, Miami, Seattle, Atlanta, Denver, 
Anchorage and Parsippany, NJ. Again, it has jurisdic-
tion over all accidents and incidents. The NTSB in-
vestigates over 2,000 accidents annually, including air 
carrier, air-taxi, in-flight collisions, general aviation, 
and certain government “public use” aircraft acci-
dents. The Board also participates in major airline ac-
cidents overseas involving US carriers or aircraft 
manufactured in the United States. 
 
 Since the FAA has more agents in more locations, 
the NTSB assigns, by standing letter of agreement, up 
to 80% of all mishap investigations to the FAA. The 
local FAA Flight Standards District Office (FSDO) 
generally investigates smaller General Aviation mis-

haps, but the NTSB field office might write and proc-
ess the report for database purposes. The NTSB uses 
its own criteria to select which accidents or incidents 
it chooses to investigate based on current emphasis 
issues or heightened public interest. Regardless of 
who does the investigation, the NTSB retains the final 
authority on reporting, classification, and determina-
tion of the probable cause.  
 
 In the event of a major or high public interest acci-
dent, a “Go Team” from Washington, D.C. will as-
semble and arrive at the site as soon as possible – usu-
ally within six hours. The closest NTSB field office 
representative will take charge of the sight (after local 
fire fighters have declared it safe) until the Go Team 
arrives. The Go Team is made of specialists in the 
areas of Powerplants, Systems, Structures, Opera-
tions, Air Traffic Control, Weather, Survival Factors, 
and Human Performance. Cockpit Voice Recorders 
(CVR) and Digital Flight Data Recorders (DFDR) 
groups are usually formed at the NTSB laboratory in 
Washington, D.C. An investigator in charge (IIC) will 
be appointed to coordinate all aspects of the investiga-
tion. Typically a Board Member or NTSB public af-
fairs person will accompany the Go Team to deal with 
the news media.  

A Go Team was dispatched for the crash of USAir Flight 1016, a 
Douglas DC-9-32  
 
 

The National Transportation Safety Board 
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Part of the investigation process include gathering 
statements from witnesses and Crewmembers. “Each 
crewmember, if physically able… shall attach a state-
ment setting forth the facts, conditions, and circum-
stances relating to the accident or incident as they ap-
pear to [him/her]. If the crewmember is incapacitated, 
[she/he] shall submit the statement as soon as [he/she] 
is physically able” (NTSB Part 830.15). Employees 
are assisted by the company and their union in pro-
ducing these statements.  
 
Not only can a crew member expect to provide a writ-
ten account of what transpired, but interviews are rou-
tinely conducted as part of the fact-finding mission. If 
an employee is involved in an event that the NTSB 
investigates, that employee may be required to remain 
at the scene. Similar to the written statements, the 
company and the union would help the employee 
through this process.  
 
Although the purpose of the investigation process is 
to uncover the facts surrounding the accident and not 
to place blame, any crewmember has the right to rep-
resentation under NTSB Part 831.7 “any person inter-
viewed by an authorized representative of the Board 
during the field investigation, regardless of the form 
of interview, has the right to be accompanied, repre-
sented, or advised by an attorney or non-attorney rep-
resentative. 
 
The information collected is for use in the investiga-
tion and is not used by the Board to establish liability. 
“Accident investigations are fact-finding proceedings 
with no formal issues and no adverse parties… and 
are not conducted for the purpose of determining the 
rights or liabilities of any person.” (NTSB Part 
831.4). 
 
The most important product of the Safety Board is the 
recommendation. The NTSB issues safety recommen-
dations as soon as a problem is identified, without 
necessarily waiting for an investigation to be com-
pleted. In each recommendation, the Board designates 
the person or party expected to take action, describes 
the action the Board recommends, and clearly states 
the safety needs to be satisfied. Although the Board’s 
recommendations are not mandatory, Congress has 
required that the Department of Transportation (DOT) 

respond to each NTSB recommendation within 90 
days. 
 
The Board may decide to hold a public hearing to 
clarify accident information and to air in a public fo-
rum significant new safety information. An NTSB 
member presides over he hearing and witnesses pro-
vide testimony under oath. Hearings normally con-
vene for high public interest accidents and may last 
three to four days. The transcripts of the public hear-
ing become part of the public record. 
 
Once the fact-finding phase of the investigation is 
complete, the accident investigation enters its final 
phase – analysis of the factual findings. The analysis 
of the investigation results in what is termed “the 
probable cause of the accident.” A draft accident re-
port for major investigations is then presented to the 
full five-member Board for discussion and approval at 
a public meeting in Washington. The entire process 
from accident to final report takes anywhere from 
nine to twelve months.  
 
Definitions: 
 
Aircraft Accident - 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.  

Although no passengers or crew were injured, this picture illus-
trates an accident because the aircraft sustained substantial 
damage due to the failure of the nose gear to extend. 
 
Aircraft Incident - an occurrence other than an acci-
dent, associated with the operation of an aircraft, 
which affects or could affect the safety of operations. 
 

 



Fatal Injury - any injury which results in death within 
30 days of the accident.  
 
Serious Injury -  any injury which: 
 
1.  Requires hospitalization for more than 48 
 hours 
2. Fracture of any bone  (except fingers, toes, or 
 nose) 
3.  Causes severe hemorrhages, nerve, muscle, 
 or tendon damage 
4.  Involves any internal organ 
5.  2nd or 3rd degree burns or any burn affect-
 ing more than 5% of the body surface 

This Airbus A319 was involved in an incident damaging the 
wingtip (and was subsequently removed). The event was written 
up as an “Aircraft incident” because the damage did not fit into 
the category of “substantial damage.” 
 
Substantial Damage – damage or failure which ad-
versely affects the structural strength, performance, or 
flight characteristics of the aircraft, and which would 
normally require major repair or replacement of the 
affected component. Single engine failure or damage 
limited to that engine, damage to landing gear, wheels 
, tires, flaps, brakes, or wingtips are not considered 
“substantial damage.” 

The damage to this MD-80 is considered substantial because of 
the effects the damage had on the structural strength, perform-
ance, and flight characteristics. The damage to this particular 
aircraft was considered beyond economic repair. 

Miscellaneous 
 
Immediate NTSB notification is required for: 
A) Any aircraft accident as defined above. 
B)  Any of the following incidents: 
 1. Flight control system malfunction 
 2. Flight crew members injury / illness pro-    
     hibiting performance of duties 
 3. Failure of structural components of tur-  
     bine engine excluding compressor and  
     turbine blades and vanes. 
 4. Inflight fire 
 5. Aircraft collision in flight 
 6. Damage to property (other than aircraft)      
estimated at more than $25,000        
(material and labor). 
 7. Inflight failure of electrical system, or hy-     
draulic system (requiring reliance on sole      system 
for flight controls) 
 8. Sustained loss of thrust by two or more      
     engines 
 9. An evacuation of an aircraft in which an    
     emergency egress system is used 
C)  An aircraft is overdue and believed to have 
 been involved in an accident.  
 
Aviation Issues: 

AIRPORT RUNWAY INCURSIONS 
Provide safer control for aircraft on the ground 
 
AIRFRAME STRUCTURAL ICING 
Revise icing criteria and certification testing require-
ments; research and develop onboard ice protection 
and detection systems 
 
EXPLOSIVES MIXTURES IN FUEL TANKS ON 
TRANSPORT CATEGORY AIRCRAFT 
Require preclusion of operation of transport category 
aircraft with explosive fuel-air mixture in fuel tanks. 
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NTSB Organizational Chart 
 
Conclusion / Links: 
 
The mission of the NTSB is to prevent accidents from 
happening. To achieve this fundamental goal, each 
investigation must be conducted with orderly thor-
oughness so that a proper assessment of probable 
cause can be made. 
 
For more information, please visit the NTSB’s web-
site at: 
 
http://www.ntsb.gov 
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Introduction 
Radiation is not something that airline crew members talk 
about frequently, but there is important information out 
there regarding low dose radiation exposure that crew 
members should know. 
 
The Federal Aviation Administration (FAA) considers air-
line crew members as being “occupationally exposed” to 
low doses of cosmic radiation and to a lesser degree, from 
air shipments of radioactive materials. Although risk from 
these exposures is extremely low, the FAA recommends 
that workers occupationally exposed to radiation, and man-
agers of these employees, receive instruction on the possi-
ble health effects associated with such exposure and on 
appropriate actions to take to minimize this exposure.  
 
It is important to note that low dose radiation risks are 
based on mathematical models of the effects of high radia-
tion doses. There are currently no conclusive studies that 
show adverse health outcomes from the kinds of exposures 
experienced by aircrew members. Although encouraging, 
this could well be because either definitive studies have 
not been done to prove a relationship, or not enough time 
has elapsed to see an effect in humans. Therefore, it is im-
portant that all airline crews be informed of risks that they 
may make optimal choices concerning their health. Cur-
rently, the most important issue for radiation exposure is 
for the pregnant crew member and the theoretical effect on 
the unborn child. It is recommended that these crew mem-
bers consult with their physicians and company medical 
department. 

The Terms 
Low dose radiation can be a highly technical topic; this 
article tries to keep it simple. Unfortunately, it’s very diffi-
cult to discuss the effects of radiation on people without 
using technical terms. Here are some of the terms that will 
be used in the document: 
 
• Ionizing radiation: This is one of two forms of radia-

tion. It is the most dangerous type of radiation because 
of possible adverse biological effects when they pass 
through body tissue. X-rays are an example of ionizing 
radiation. 

• Non-ionizing radiation: This is the second form of 
radiation. This is less energetic, and causes less harm 
to people. Examples of non-ionizing radiation would 
be radar and microwave radiation.  

• Sievert (Sv) - This is the unit of measurement for the 
amount of radiation received by a person. The sievert 
is the measure of the biological harm that ionizing ra-
diation may cause. It is most commonly expressed in 
millisieverts (mSv) which is one thousandth of a 
sievert, or microsievert, which is a much smaller dose, 
or one millionth of a sievert (i.e., 1000 microsieverts 
per millisieverts).  

 
Ionizing Radiation 
Humans cannot escape exposure to ionizing radiation as it 
is a naturally occurring part of the environment. Humans 
are exposed to it every day in the form of cosmic radiation 
from space and terrestrial radiation from earth, which in-
cludes such things as radioactive potassium that we nor-

Solar Radiation: The Facts 
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mally acquire in our diet. In addition, we are also exposed 
to man-made sources of radiation, such as diagnostic medi-
cal and dental X-rays and nuclear power plants, although 
the overall contribution of these sources is small. 
 
Although very small, both flight and cabin crew members 
are exposed to cosmic radiation levels that are higher than 
those normally encountered on the ground. At altitudes 
flown by airlines, cosmic radiation is present when high 
energy subatomic particles, originating for the most part 
outside of the solar system, collide with and disrupt atoms 
of nitrogen, oxygen, and other particles that make up the 
atmosphere. Additional subatomic particles are produced 
from these collisions. The particles from beyond the solar 
system and particles produced in the atmosphere are re-
ferred to collectively as galactic cosmic radiation.  
 
Another source of in-flight ionizing radiation is solar cos-
mic radiation, which comes from several sources, the most 
important one from the crewmember’s standpoint being 
solar flares. Solar flare particles coming from the sun are 
usually too low in energy to contribute to the radiation 
level at the altitudes commercial airlines fly. However, on 
infrequent and unpredictable occasions, the number and 
energies of ejected solar particles are high enough to sub-
stantially increase the does rates at these altitudes.  
 
One of the more uncommon sources of ionizing radiation 
is radioactive material that is transported by commercial 
air carriers. This material consists mostly of pharmaceuti-
cals used in medical diagnosis and treatments. Federal 
regulations established y the Department of Transportation 
(DOT) are specific as to packaging and storage of such 
cargo in order to limit radiation levels in areas occupied by 
peoples or animals. Again, the hazard radiation from this 
source is very low.  

Variable affecting the amount of exposure 
There are a number of factors that affect the amount of 
radiation exposure that a crewmember receives during a 
particular flight. These include: 
 
• the flight altitude 
• the duration at that altitude 
• the geographical latitude of the flight 
• the stage of the solar cycle 
 
Altitude and Duration 
In general, the higher the altitude, the greater the increase 
in the cosmic radiation level. For example, in the United 
States at sea level, the average dose rate to the average in-
dividual is about 0.035 microsieverts per hour, whereas at 
35,000 feet, the dose rate is 4.1 microsieverts per hour over 
Oklahoma City and 5.1 microsieverts over Anchorage. The 
amount of time spent at altitude will therefore affect the 
total radiation exposure. 
 
Latitude 
The earth’s magnetic field acts to deflect many charged 
particles of solar and galactic origin that would otherwise 
enter the atmosphere. This shielding is most effective at 
the equator, but it decreases, moving towards the poles, 
and its lowest over the magnetic poles of the earth (North 
Pole and South Pole). At aircraft cruise altitudes, galactic 
radiation doses over the magnetic poles are about twice 
those over the equator. Since commercial aircraft usually 
fly high latitude (polar) routes between the United States 
and Europe or Asia, exposure is greater in international 
operations.  
 
Solar Cycle 
Finally, the amount of galactic and solar cosmic radiation 
particles entering the earth’s atmosphere varies with the 

The photo on the 
left is a solar flare 
with an eruptive 
prominence… The 
photo on the right 
depicts a fairly 
large solar flare 
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approximate 11-year cycles of rise and decline in solar 
activity. Although we can influence the first two variables 
through flight bids - altitude/duration of flight and latitude, 
we have no control over solar cycles.  

 
How much exposure is too much? 
There are a number of national and international organiza-
tions that provide guidelines for ionizing radiation expo-
sure limits; unfortunately, these guidelines are not uniform. 
It is important to note that to the best of our current medi-
cal knowledge, it appears that no adverse impacts have 
been noted for any exposure less than 100 millisieverts. 
The guidelines cited below are all in millisieverts (once 
again, a millisievert is one thousand microsieverts).  
 
National Council on Radiation Protection and Measure-
ments (NCRP) 
 
• 50 mSv per year for occupationally exposed workers 
• 5 mSv for pregnant crewmembers, distributed over 

nine months with no single month greater than 0.5 
mSv 

• 1 mSv per year for the general public, with a lifetime 
limit f 10 mSv x age 

• 5 mSv per year for employees involved in non-
exposed radiation occupation 

 
European Council 
 
• 6 mSv per year 
• Pregnancy: the dose to the unborn child will be as low 

as reasonably achievable and should not exceed 1 mSv 
during (or remainder) of the pregnancy 

• Nursing women will not be employed in work involv-

ing a significant risk of bodily radioactive contamina-
tion ( > 1 mSv / year) 

 
International Commission on Radiological Protection 
(ICRP) 
 
• 20 mSv per year (the average over five years) with no 

more than 50 mSv in any one year. This value includes 
background, on-the ground exposure (which is around 
3-5 mSv per year) 

• 5 mSv per year for employees involved in non-
exposed radiation occupation 

• 1 mSv total limit during pregnancy 
 
Table 1 on page 9 illustrates the estimated dose to air car-
rier crewmembers from cosmic radiation received for each 
of 32 nonstop flights on a variety of routes. Depending on 
the particular flights flown during a work year, the annual 
dose, based on flying 850 block hours per year, can range 
from 1.19 millisieverts on short range domestic flights to 
5.1 millisieverts on long range international routes (i.e. 
Athens to New York). This amounts to 5.9% to 25.5% of 
the recommended annual ICRP limit of 20 mSv per year 
for adult occupational exposure.  
 
It must be pointed out that potentially large doses of ioniz-
ing radiation can be emitted from the sun over short peri-
ods of time (coronal mass ejections and solar flares). For-
tunately, these so-called solar particle events are rare. 
Since 1956, there have not been any events during which 
the hourly average dose rate exceeded 1 mSv / hour at 
40,000 feet - however, they are unpredictable.  
 
Obtaining estimates of cosmic radiation 
There are ways of estimating the amount of cosmic radia-
tion received by crewmembers. The FAA has developed a 
computer software program entitled “CARI-6” which pro-
vides an estimated dose for a particular flight based on cer-
tain parameters of the flight. The program require s the 
point of origin, point of arrival, time in route and altitude 
parameters, and then will calculate an estimated dose re-
ceived during the flight. CARI-6 also takes into account 
the phase of the solar cycle. This number is updated ap-
proximately monthly and can be obtained from the FAA’s 
Website (http://www.cami.jccbi.gov/AAM-
600/610/600Radio.html). A copy can be downloaded from 
the website at no charge. Although CARI-6 takes into ac-
count the phase of the solar cycle in estimating cosmic ra-
diation exposure, it does not account for solar cosmic ra-
diation as it might occur during a rare, unpredictable, but 
large solar particle event.  
 
 

Solar Cycle Chart... 
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Summing things up… 
 
Hopefully this article has familiarized airline crewmem-
bers with the theoretical added risks of exposure to cosmic 
radiation associated with aviation. However, it is important 
to keep the radiation risks associated with aviation-related 
work in perspective with other health risks.  
 
Chronic diseases (heart disease, cancer, and cerebrovascu-
lar disease) are the major causes of death, serious illness 
and disability in the United States today. Inflight cosmic 
radiation exposure is a minimal environmental risk for 
crewmembers when compared other environmental and 
behavioral factors that contribute to chronic diseases.  
 
 

Table 1. Effective doses of galactic cosmic radiation received on air carrier flights (estimations) 

Origin - Destination Highest Altitude 
[1,000 feet] 

Air Time 
[hours] Block [hours] Effective dose 

[microsieverts]^2 
mSv [millisieverts per 100 

block hours]^3 

Seattle WA - Portland OR 21 0.4 0.6 0.14 0.02 
Houston TX - Austin TX 20 0.5 0.6 0.14 0.02 
Miami FL - Tampa FL 24 0.6 0.9 0.34 0.04 
St. Louis MO - Tulsa OK 35 0.9 1.1 1.57 0.14 
San Juan PR - Miami FL 35 2.2 2.5 4.84 0.19 
Tampa FL - St. Louis MO 31 2 2.2 4.31 0.20 
New Orleans LA - San Antonio TX 39 1.2 1.4 3.11 0.22 
Los Angeles CA - Honolulu HI 35 5.2 5.6 12.90 0.23 
Denver CO - Minneapolis MN 33 1.2 1.5 3.54 0.24 
New York NY - San Juan PR 37 3 3.5 9.20 0.26 
Honolulu HI - Los Angeles CA 40 5.1 5.6 15.20 0.27 
Chicago IL - New York NY 37 1.6 2 6.09 0.30 
Los Angeles CA - Tokyo JP 40 11.7 12 38.00 0.32 
Tokyo JP - Los Angeles CA 37 8.8 9.2 30.00 0.33 
Washington DC - Los Angeles CA 35 4.7 5 17.20 0.34 
New York NY - Chicago IL 39 1.8 2.3 8.42 0.37 
Minneapolis MN - New York NY 37 1.8 2.1 7.91 0.38 
London GB - DFW TX 39 9.7 10.1 38.80 0.38 
Lisbon ES - New York NY 39 6.5 6.9 27.30 0.40 
DFW TX - London GB 37 8.5 8.8 35.30 0.40 
Seattle WA - Anchorage AL 35 3.4 3.7 15.10 0.41 
Chicago IL - San Francisco CA 39 3.8 4.1 17.70 0.43 
Seattle WA - Washington DC 37 4.1 4.4 20.40 0.46 
London GB - New York NY 37 6.8 7.3 34.00 0.47 
San Francisco CA - Chicago IL 41 3.8 4.1 19.50 0.48 
New York NY - Seattle WA 39 4.9 5.3 25.60 0.48 
New York NY - Tokyo JP 43 13 13.4 67.10 0.50 
London GB - Los Angeles CA 39 10.5 11 55.50 0.50 
Chicago IL - London GB 37 7.3 7.7 38.70 0.50 
Tokyo JP - New York NY 41 12.2 12.6 63.50 0.50 
London GB - Chicago IL 39 7.8 8.3 43.30 0.52 
Athens GA - New York NY 41 9.4 9.7 58.20 0.60 



The Evolving “Glass Cockpit” 

INTRODUCTION 
 
With ever increasing automation, the role of the pilot 
has moved from manual control to supervisory con-
trol of aircraft. Take, for example, the average Airbus 
A320 flight deck;  six simple CRT displays - hence 
the term “glass cockpit” -  have replaced the dozens 
of dial instruments found on the aircraft of the 70s 
and early 80s. The displays remove the “clutter” 
found on older instrument panels and present infor-
mation in a user-friendly format to the flight crews.  
Over the years, however, the glass cockpit has come 
to signify not only the emergence of digital instru-
ments, but also the increasing presence of automation 
in the flight deck. Advancing technologies have al-
lowed pilots to redirect their attention from simply 
flying the plane to monitoring the aircrafts overall 
performance. This, in theory, allows flight crews to 
note any discrepancies that may affect the aircraft, 
thus increasing the overall safety of flying. Therefore, 
you may ask yourself why not let pilots become ex-

pert computer operators? Well, consider the fact that 
it will still be necessary for pilots to fly the aircraft 
since automation and technology do fail.  
 
THE CONTROVERSY 
 
Contrary to popular belief, the problems associated 
with the evolving glass cockpit and automation do not 
begin and end in boredom. Numerous perceived or 
potential problems that may arise in the new flight 
deck environment have been studied over the years by 
human factors specialists. Some of these problems 
include: 
 
• increased monitoring requirements as flight crews 

move from continuous manual control to supervi-
sory control (i.e. takeoff → climb → cruise) 

• increased training requirements - pilots need to 
learn how to work and operated in the automated 
environment 

• inappropriate levels of trust in automation - such 
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as a total lack of trust leading senseless cross 
checks, or total trust leading to complacency and a 
lack of intervention when required 

 
A recent survey of pilots conducted for the FAA iden-
tified 114 distinct perceived problems and concerns 
with cockpit automation. Several of these were related 
to mode complexity, the interaction of automation 
modes, uncommanded mode transitions, and a lack of 
mode awareness. In addition, problems such as being 
unable to ascertain the mode or state of automation, 
its configuration, current operations, and future be-
havior were reported. This is the trademark of the 
ever-evolving “glass cockpit.” 
 
Should pilots be trained to become computer experts? 
 
This is a possibility if we consider the cases involving 
the A320 aircraft. A classic example of one of the 
problems associated with highly automated aircraft is 
that mode errors can and do occur.  
 
If we go back the late 80s and early 90s to events in-
volving A320 aircraft, we see the problems and per-
ception errors between man and machine. 
 

• In July 1988, on approach to London Gatwick, an 
A320 aircraft was programmed for a 3° flight path 
but was in vertical speed mode, and, as a result, it 
almost landed three miles short. 

• In June of 1990, while over San Diego, an A320 
aircraft involving an unknown operator mistak-
enly set a 3000 ft / minute decent while in the ver-
tical speed mode. The aircraft was suppose to 
have set a 3° flight path, and therefore descended 
well below profile and minimum altutidude.  

• In Janurary 1992, on approach to Strasbourg, an 
Air Inter flight crew member inadvertantly slected 
a 3300 ft / minute decent rate instead of a 3.3° 
flight path resulting in a fatal crash  

Should the pilots be blamed for these types of errors? 
 
Today, technology is very flexible; this has allowed 
designers to produce an ever increasing range of tools 
to optimize performance. However, this flexibility 
creates and multiplies various modes of operation that 
are attention demanding for a pilot. In the case of the 
A320, a pilot may enter a desired vertical speed or 
flight path angle using the same display. System inter-
pretation of the entered value depends on the active 
display mode. Although these values are flagged on 
the display, they tend to look the same on the display. 
Therefore: 
 
• in order to operate safely, flight crews must be 

aware of the possibility of the different modes 
• fight crews must know the implications of an im-

proper selection 
• flight crews must correctly interpret the displayed 

target values with respect to the active mode.  

Air Inter Flight 148 CFIT: 87 fatalities, 9 survivors 

Flight Deck - Airbus A320 
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Also the flight node annunciator that provides the 
necessary feedback about mode status is not always 
conspicuous. To make things worse, designers occa-
sionally remove other instrumentation that may con-
vey system status in their development process. Un-
fortunately for pilots, this type of problem is usually 
exasperated in the multi-stressor environment of the 
cockpit.  
 
How may pilot interface be improved? 
 
Several simple methods include to improving the in-
terface includes: 
 
• eliminating aircraft subsystems that allow for si-

multaneous use by multiple pilots 
• providing salient feedback about their mode status 

and mode transition 
• not overloading their available attention resources 

for the various displays of system status 
• making evident aircraft subsystem interpretation 

of pilot-entered target values which depend on 
active display modes 

 
It is ever more important for pilots to remain profi-
cient in their manual skills as a safeguard against dis-
aster in the event of automation failure. Should we do 
away with automation and return to manual control? 
Since aircraft automation was introduced under the 
guise of reduced pilot workload, it has proven to in-
crease workload during the critical phases of flight. 
Nevertheless, some automation is necessary for effi-
cient aircraft operations and thus future automation 
must be introduced conscientiously un order to avoid 
the disasters associated with it.  
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Decision Making 
by Curt Lewis P.E., CSP. 
 
The most versatile and valuable compo-
nent of the aviation system is the human 
factor. Pilots, dispatchers, mechanics, and 
air traffic controllers constantly make 
decisions that no one else in the operation 
can (or decisions that cannot be auto-
mated). Their key role exposes pilots to 
opportunities to overcome situations, to 
judge and resolve daily whether any 
anomaly poses a safety threat, and to err 
seemingly inexplicably in judgment with 
adverse consequences. Not surprisingly, 
then, when accidents occur the judgment 
of pilots comes directly into focus.  
 
This article examines how pilots (and 
other systems experts) tend to make deci-
sions, offers a contrast between your deci-
sion making and other types of decisions, 
and points towards potential lessons 
learned. 
 
How pilots tend to make decisions 
 

When confronted with a situation which 
requires a decision, pilots tend to decide 
quickly and accurately. This is similar to 
the strategy employed by other systems 
experts such as military officers and oil 
well firefighters. As soon as you encoun-
ter the situation, you quickly come up 
with a solution. You do not usually gener-
ate and evaluate a series of alternative 
actions - experts tend to formulate quickly 
a single, satisfactory solution.   
 
Gary Klein (1989) who first documented 
this process in psychological literature has 
described it as recognition primed deci-
sion making. For an expert, situations 
requiring a decision are not novel; they fit 
categories that he or she already knows 
about. All the expert has to do is catego-
rize the situation and apply its defined 
solution. This is positive because the solu-
tions are almost always valid and highly 
efficient - the solution works and we get 
to it quickly. In fact, it probably comes 
from the time constraints we face. When 
an aircraft is traveling at high speed, or an 
oil well fire is burning out of control, time 

is of the essence. Generating and evaluat-
ing a variety of alternative courses of ac-
tions becomes a liability.  
 
However, there are some exceptions or 
vulnerabilities. First, experts may general-
ize this strategy to situations that are not 
time constrained. DO you remember from 
your first officer training as a new hire 
saying “When something goes wrong, the 
first thing you need to do is sit on your 
hands?” That statement recognizes that a 
problem encountered at altitude allows 
time for evaluation prior to action. It is 
similar to the distinction drawn between 
red-box items and completer procedures. 
There are certain things we need to do 
immediately and other that cannot wait 
while we maintain aircraft control.  
 
Second, experts are vulnerable when they 
make decisions with limited information - 
once a course of action has been selected, 
they rarely revisit it when new informa-
tion comes in. Third, experts are vulner-
able to misjudgments of very low prob-
ability situations. For example, if a thun-

Decision Making 
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derstorm is in the terminal area, an expert 
decision maker will evaluate the thunder-
storm and judge whether its proximity 
presents a threat, deferring takeoff or 
landing only if he or she believes it is a 
threat. While information is limited, ex-
pert decision making may set us up for an 
error; we may need to do something else.  
 
In contrast: deliberative decision mak-
ing 
 
When decisions are made well in other 
fields, such as business, they typically fit 
into what has been called expectancy-
value theory. By this approach, when a 
decision must be made, alternative course 
of action are generated. The costs, bene-
fits, and probability, of success for each 
alternative are examined, and the most 
beneficial alternative is adopted. This is 
something akin to how we purchase a 
household appliance if we do it well. We 
should consider out needs (How large of a 
family do I have? How many loads of 
laundry do I need to wash each week?), 
examine the benefits (How large is the 
capacity, How many wash cycles does it 
have?), look at the costs (How much more 
do I get for an extra $200), and the prob-
ability it will function reliably as designed 
(A measure comparable to probability of 
success - is this really a good manufac-
turer?). If we do all of this, we should 
make the best decision.  
 
Now, we all recognize situations where 
we, and business, do not make decisions 
in this manner. But, expectancy-value 
theory is intended as a prescription for 
how to make decisions well. Does it work 
when it comes to flying an aircraft? Only 
in certain circumstances - where time is 
available to generate and evaluate options 

and where the immediate control and 
habitability of the aircraft or situation is 
not in question. This approach could pay 
off if we’re deciding to depart an airport 
while waiting to depart the gate, or if we 
are about to begin decent from cruise and 
find out weather conditions are becoming 
marginal. In these cases, it might be worth 
while to consider our options and not be 
pressed by our desire to complete our 
original plan.  
 
But if there’s smoke in the cabin, an en-
gine or cabin fire, or loss of pressuriza-
tion, we need to decide and act quickly. 
We’ll be better off if we have planned and 
practiced those situations before and sim-
ply apply the judgment we may have 
made in advanced.  
 
Is there a middle ground? Should pilots 
alter their decision making strategy? It is 
unlikely you will fundamentally change 
how you make decisions. It is probably 
also unwise, because recognition-primed 
decision-making works where time con-
straints apply. However, there are some 
things you might do deliberately to im-
prove your odds.  
 
Decision models 
 
Transport Canada issued a Judgment 
Training Manual n which they suggest 
“pilot judgment is the process of recog-
nizing and analyzing all available infor-
mation about one’s self., the aircraft and 
flying environment, followed by the ra-
tional evaluation of alternatives to imple-
ment a timely decision which maximizes 
safety.” If a pilot learns how to perceive, 
observe, detect, and understand a situa-
tion, he or she will be more prepared to 
choose the best alternative while under 

stress or time constraint; this concept is 
very consistent with expert decision mak-
ing. From this perspective, we train for 
good decisions by knowing what to look 
for when selecting alternatives - we build 
our expertise.  
 
Transport Canada offered a model for 
decision making using the work DECIDE 
as a memory aid. It is intended as a tool to 
assist pilots in making critical decisions, 
or perhaps, to frame how we think about 
making decisions. It is intended to make 
the pilots contemplate the outcome of an 
action to ensure the safety of an aircraft 
and its passengers. 
 
Detect Change - in may accidents, the 
threat was not detected by the pilots until 
it was too late to resolve it. We need an 
active search for safety threats on every 
flight.  
 
Estimate the significance of the change - 
accidents can result when pilots underesti-
mate a safety threat. Dig for more infor-
mation about the symptoms and indica-
tions you observe.  
 
Choose the outcome objective - what am 
I trying to achieve? To complete the plan 
despite new constraints? To minimize 
risks? The flight department states its pri-
orities in FM1 as safety, passenger com-
fort and convenience, and on-time per-
formance, in that order.  
 
Identify plausible alternatives - this will 
vary greatly by the time constrains faced 
and the degree of information available. 
When time is critical, there is little to do 
but command and act. In the face of lim-
ited information, discussion of actions 
may be warranted.  

Southwest Airlines 
Flight 1455, a Boe-
ing 737-300, skidded 
off the runway after 
making a visual ap-
proach into Burbank 
that was too high 
and too fast... 
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Do the best action - make a decision and 
carry it out 
 
Evaluate the progress - are you getting 
closer to your objective, or is the situation 
continuing to deteriorate? Remember to 
revise your plan as the situation changes 
or you learn new information.  
 
What this model makes clear is the need 
to deliberately search for threats and 
evaluate the results of the decision. 
Whether you would use something like 
this as a memory aid or not, remember 
those two points - search for threats and 
evaluate the results.  
 
Look for disconfirming information 
 
When human beings make a judgment or 
decision, our natural tendency is to look 
for information that reinforces our judg-
ment. After you buy a car, do you read 
more about the model you chose or the 
one you didn’t? That tendency needs to be 
overcome if we are going to make deci-
sions like experts - we have to be able to 
recognize that the situation did not fit our 
decision or that it is changing further. 
When you make a call, deliberately look 
for anything that might be wrong with that 
solution. Maintain an attitude of searching 
for problems and you will likely identify 
and resolve them.  
 
Make your judgments finer by looking 
at the details of information 
 
Consider the following report: the crew of 
an MD-80 was number two for takeoff 
from ORD with convective activity in the 
airport area. ATC reported wind as 240 at 
27 gusting to 41 knots. The aircraft de-

parting ahead reported a loss of 20 knots 
on takeoff. ATC then cleared the MD-80 
for takeoff. Would you depart? What fur-
ther information would you look at? 
Would you apply any precautions? The 
MD-80 captain elected to use max power 
on takeoff and rotate at a higher speed, 
but encountered a 30 - 40 knot loss at 100 
feet AGL. DFDR revealed G forces from 
-0.65 to + 1.4 during the encounter.  
 
Now look again at the details of the situa-
tion. Gusts to 41 knots… reported loss of 
20 knots… crosswind components vary-
ing from 14 to 20 knots. Was the runway 
wet given the convective weather in the 
area? What might you observe on radar? 
While each of these items was likely 
within limits and ATC issued no 
“microburst alert,” which would prohibit 
the takeoff, the combined weight of sev-
eral marginal variables must be taken into 
account. In retrospect, the Captain would 
have preferred to wait - but everyone else 
was departing, weren’t they? Was there 
enough information present to choose 
prospectively what the Captain believes 
was correct in hindsight? Look at the de-
tails of the information to make your 
judgment and refine it.  
 
Summing things up… 
 
Pilots usually tend to make decisions 
quickly and accurately by recognizing the 
type of situation and applying a strategy 
that fits. The advantages of this approach 
are timeliness and accuracy. Its risks lie in 
the tendency not to re-evaluate a decision 
made and implemented., when new infor-
mation suggest the information has 
changed  or the decision did not have the 
desired effect. To make these decisions 
better, be more deliberative when time 

permits. Search for safety threats. Evalu-
ate decision results. Look for any prob-
lems with a decision -  and look to the 
details of the information you have to 
refine your judgment.  

Continental 1943, a 
DC-9-32, suffered a 
landing gear col-
lapse after touch-
down due to the 
flight crews failure 
to properly set the 
hydraulic system.  


