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Executive Summary

In order to lower the fatal accident rate in aviation, it is critical to address the
causes of accidents involving General aviation (GA) aircraft, which comprise
more than 90% of the aircraft in the United States. Weather is a major cause of
fatal GA accidents and has the highest rate of fatalities, over 80%. The societal
cost of the approximately 200 annual fatalities in GA weather accidents is over
$500 million®. Virtually all fatal GA weather accidents result from attempts to
conduct operations: under visual flight rules while in instrument conditions (the
largest number of fatalities); in thunderstorm areas; in structural icing conditions;
and in areas of turbulence.

The General Aviation (GA) Weather Joint Safety Analysis Team (JSAT) which
prepared this Report, was composed of 20 FAA and GA Industry members.
Team members were selected based on their organizational affiliation, their
operational experience, and their technical expertise in specific areas such as:
flight operations, air traffic control, human factors, aviation psychology, aircraft
power plants, weather products, and avionics and ground systems, engineering,
manufacturing, and maintenance.

The Team reviewed all 151 fatal GA weather accidents in 1995. Twenty-two
accidents were selected for root cause analysis by the JSAT because they were
representative of the total and had sufficient report data to perform a thorough
root cause analysis. The Team identified 370 case-specific interventions
(actions that address particular root causes), which were later condensed.
Interventions that would not have a significant impact on fatal accident reduction
were eliminated, and a final list of 20 interventions was produced. The
interventions were grouped by root cause and then ranked according to their
effectiveness and feasibility.

Although the primary responsibility for implementing most interventions rests
with the FAA, the report also identifies several joint FAA/Industry tasks.
Implementation of these interventions cuts across many FAA lines of business
and multiple industry groups.

From the list of ranked interventions, the Team created five prioritized
recommendations for significantly reducing fatal GA weather accidents while
maintaining or improving the capacity, utility, efficiency, and affordability of GA
operations. The following recommendations are listed in order of priority, with
Recommendation 1 being the highest priority. The specific elements of the
following interventions are set forth in Section VI below, and are integral parts of

! Impact of New Technologies in Pilot Decision Making, 1998, at 22, FAA and SAMA,; five year
average, 1990 — 1994, 209 weather-related fatalities per year, based on NASDAC data.
Economic Values for Evaluation of Federal Aviation Administration Investment and Regulatory
Programs, Office of Aviation Policy and Plans, 1989 ($1.74M in 1987$, adjusted by CPI).



these recommendations. All recommendations are part of an integrated
process, which includes better decision making, technology, and training. The
recommendations are intended to result in a weather information system that
makes it easier for pilots to understand potential weather hazards and make
sound decisions to avoid them.

Recommendation 1: Provide better information to pilots on the location
and severity of weather hazard areas, and better methods of using weather
information to make safe decisions on how and when to make a flight.

The greatest proportion of fatal, GA weather accidents can be eliminated by
implementing the functional group of interventions contained within this
recommendation as a group.

Produce, and make operational, graphical weather information
products that show how and when flights can be made safely.

Improve the PIREP collection / dissemination system with a common
database for controllers, pilots, FSS specialists and dispatchers.

Improve certification to accelerate the equipage of GA aircraft with
low-cost avionics for data-link display of weather graphics.

Expedite implementation of the Flight Information Service (FIS)
program to provide a national weather data-link system.

Improve ATC weather information knowledge and dissemination, and
develop procedures for handling aircraft that are not weather-
tolerant (i.e., not equipped to avoid or cope with weather and are of
relatively low performance to climb above or fly around it).

Develop a "model" Flight Operations Manual for assessing weather
risks and avoiding or coping with weather hazards.

Improve the FSS system, including DUATS, FSS equipment and
weather briefings.

Recommendation 1 supports strategic decision making in avoiding weather
hazard areas by providing pilots with accurate and precise graphical weather
products and improved methods of disseminating weather information. This
recommendation also improves pre-flight briefings and en route advisories for
pilots who use a phone, radio, personal computer, or a data link and moving-
map display system. Improving PIREPs and weather information for controllers
supports tactical decision-making. The "model" Flight Operations Manual further



enhances pilot decision making by providing recommendations and guidance for
the use of weather information.

The data indicate that providing pilots with better information on the location and
severity of weather hazard areas would have a greater impact on preventing
accidents than would increased pilot training using existing weather data.
Accordingly, interventions to improve flight training were grouped into the
second priority recommendation.

Recommendation 2: Improve weather training materials and programs to
disseminate them.

Improve training materials, with updated practical guidance on
weather hazard risk assessment, avoidance, and recovery.

Improve flight instructor and pilot continuing education programs on
weather hazards and decision making.

Recommendation 2 provides for better training of pilots to avoid and cope with
weather hazards through improved training materials and enhanced continuing
education programs to disseminate such materials.

Recommendation 3: Develop mountain and low altitude airspace
communications, navigation and surveillance (CNS) infrastructure,
procedures, and information of hazardous weather.

Develop enhanced operational procedures for mountain operations.

Exploit new CNS systems in mountainous areas to improve pilots’
ability to fly safely below freezing levels or cloud bases.

Expedite implementation of precision GPS approaches and runway
environment improvements into smaller airports and heliports.

Require that obstructions be lighted during low-visibility conditions.

Encourage pilots to make hazardous weather reports by providing
immunity from enforcement.

Recommendation 3 enhances the low-altitude NAS infrastructure typically used
by small airplanes and rotorcraft. It improves awareness of hazardous weather
in low-altitude airspace by encouraging pilots to make reports of instrument
conditions and icing without fear of enforcement.



Recommendation 4: Improve technology for rotorcraft and small airplane
weather operations.

Facilitate rotorcraft-IFR operations by developing low-cost, IFR
avionics and reducing rotorcraft certification costs.

Create improved terrain and obstruction data for use in electronic
databases.

Increase R&D for on-board systems, such as forward-looking icing
and turbulence detectors, which help pilots identify and cope with
weather hazards.

Recommendation 4 provides safety improvements that are technology-based,
some of which will have a larger impact on accidents after the 10 year period
because there will be a longer lead time to implementation.

Recommendation 5: Remove regulatory impediments to weather safety,
improve certification process, and implement services to encourage
voluntary installation of aircraft systems to make small aircraft more
weather-tolerant.

Define use of “ VFR not recommended” and “known and forecast”
icing in ways that are operationally useful to pilots

Streamline approval processes to encourage installation of
equipment that enables pilots to retain control in IMC and icing

Implement systems to provide graphical display of traffic information
for use when ATC frequency must be abandoned to gather weather
information.

Conclusion

Producing more stringent rules related to weather will not increase safety.
Total pilot training hours should be retained at the same level, but may be
refocused to maximize the safety benefit.

The proposed recommendations should be implemented immediately,
without further accident studies.

This report must be considered in the context of at least 11 aviation weather-
safety studies that preceded it. Although these other studies used different
methods of analysis, their recommendations are similar to the recommendations
contained in this report. The Team has taken the next step by prioritizing many



of the previous recommendations. The Team believes that the similarity between
the recommendations in this report and those in previous reports further
supports the Team’s conclusion that implementing the above recommendations
will be effective in substantially reducing fatal GA weather accidents.



l. Introduction

Problem Statement. In order to lower the fatal accident rate in aviation, it is
critical to address the causes of accidents involving General aviation (GA)
aircraft, which comprise more than 90% of the aircraft in the United States.
Weather is a major cause of fatal GA accidents and has the highest rate of
fatalities, over 80%. The societal cost of the approximately 200 annual fatalities
in GA weather accidents is over $500 million®.

. Background

Safer Skies: A Focused Safety Agenda

This report was prepared by the GA Weather Joint Safety Analysis Team (JSAT)
in support of the Federal Aviation Administration’s Safer Skies Focused Safety
Agenda. The goal of the Safer Skies initiative is to significantly reduce fatal
accident rates in aviation. The achievement of this goal is based on the JSAT
process, which is a data-driven approach to developing and prioritizing
recommendations for action to reduce accident rates.

Weather JSAT

The GA Industry and the FAA formed a committee that identified the leading
causes of fatal GA accidents. Six major categories, including weather, were
identified as leading causes based on accident rate statistics. Weather
accidents were identified as one of the leading causes of GA fatalities and an
obvious area for improvement. Between one-quarter and one-third of fatal GA
accidents are weather related.® This report is the result of an intense, six-month
effort to analyze the root causes of fatal GA weather accidents and to
recommend interventions to reduce the fatal weather accident rate.

The GA Coalition (GAC) and FAA Joint Steering Committee (JSC) chartered the
Weather JSAT to analyze the root causes of fatal, GA weather accidents and
recommend interventions that could be accomplished in a cooperative fashion
by the FAA and GA Community. The Weather JSAT Charter is in Appendix A.
The JSC appointed one industry representative and one FAA representative as
co-chairs of the JSAT. The JSC and JSAT co-chairs then selected 20 team
members that together represented a cross-section of FAA and GA Community.
Two consulting members and one FAA Liaison member were also included.

Team members were selected based on their organizational affiliation, their
operational experience, and their technical expertise in specific areas such as:
flight operations, air traffic control, human factors, aviation psychology, aircraft

2
Id.
3 Safety Review, General Aviation Weather Accidents, AOPA ASF, 1996.



power plants, weather products, and avionics and ground systems, engineering,
manufacturing, and maintenance. Almost all team members were pilots with
varying levels of operational experience. A list of team members and their
organizational affiliation can be found in Appendix B.

General Aviation Operations

Weather affects every flight, but not all weather conditions are equally
hazardous to all flights. Air-carrier aircraft are generally able to avoid or tolerate
most weather hazards because of on-board equipment and performance
capabilities to climb above or circumvent them. Many GA aircraft are operated
at low altitudes in localized weather situations, and in areas without weather
reporting or other infrastructure designed to mitigate the effects of weather (e.g.,
precision instrument approaches and lighting systems). Most GA pilots do not
have the support of a dispatcher or a co-pilot, and their aircraft are often not
weather-tolerant because they lack performance (e.g., altitude and range) and
equipment (e.g., storm detection and ice protection).

The current FAA system for producing and disseminating weather information
does not adequately inform GA pilots of when and how a flight can be made
safely.” Pre-flight information does not sufficiently direct the pilot's attention to
the most relevant data on weather hazards, and it is sometimes not interpreted
properly by the Flight Service Station Specialist or the pilot.

As the flight progresses, pre-flight information diminishes in value because of
the time delay between the observation or forecast and the pilot's actual
encounter with the weather.” Useful in-flight weather information is further
reduced by the dissemination system, which forces pilots to leave the ATC
frequency to gather critical weather information. In current operations, this
results in GA pilots attempting to avoid weather hazards by relying on out-the-
window information, limited information from ATC, some automated weather
broadcasts, and en route briefings from FSS, when able.

lll.  Goal and Objective

Goal: Significantly reduce the rate of fatal GA weather accidents over the next
10 years.

Objective: Produce a set of intervention strategies that achieves the goal, while
maintaining or improving the capacity, utility, efficiency, and affordability of GA
operations.

* The Weather JSAT did not review the quality of information from private weather services.
> Impact of New Technologies on Pilot Decision Making and reduction of Fatal Weather-Related
Accidents, December 1998. P. 10



V. Scope

The Team selected for review the 1995 reports of fatal, GA weather accidents,
as categorized by the National Transportation Safety Board (NTSB). This was
the most recent year for which all accident reports were available. The FAA’s
Safety Office determined that one full year of accident reports would be a
representative sample of all fatal, GA weather accidents. General Aviation was
defined as flight operations conducted under Parts 91, 125, 133, 135, and 137.
In 1995, there were no Part 125 or 133 fatal weather accidents, and only one
under Part 137. The Weather JSAT reviewed all 151 reports, analyzed a
sample of 35 accident reports of airplanes and rotorcraft operating under Parts
91 and 135, and made recommendations based on a detailed analysis of 22
accidents.

Routine IMC- low ceilings or fog, obscurations to visibility, rain, and snow --
were a cause or factor in an overwhelming majority of fatal weather accidents,
not only for Part 91 operators, but also for Part 135 operators and even Part 121
operators.® Thunderstorms, icing and turbulence cause a comparatively smaller
number of fatal GA weather accidents and account for the remaining fatalities.
Inadequate weather information received by the pilot, insufficient decision-
making skills to use this information once received, and aircraft that are not
weather-tolerant all contribute to fatal, GA weather accidents.

V. Method
The GA Weather JSAT Charter contained the following tasks:

Review a representative sample of publicly available accident studies.
Analyze an appropriate number of individual accidents to validate the
completed studies.

Develop a list of “causal factors” or problem statements.

Recommend intervention strategies based on their analysis.

Selected accidents were analyzed using a “Root Cause Analysis” (RCA) process
developed by Apollo Associated Services. The RCA method was used to
identify the specific causes of the fatal, GA weather accidents analyzed by the
Team, and develop interventions that may have prevented these accidents.

Selection of Accident Reports

To select the best cases for RCA, the Weather JSAT separated into nine smaller
groups with at least one experienced pilot in each group. Each group completed

® Air Crew Weather Data Requirements Analysis, January 2, 1996
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an initial analysis of 18 cases. This method allowed all 151 fatal GA weather
accident reports to be reviewed before specific reports were selected for
analysis and consideration by the entire Weather JSAT. Using the criteria
below, a sample of 12 fatal, GA weather accidents were selected for RCA by the
entire Team. These accident reports were selected because they:

Fit the definition of a “weather accident” adopted by the GA Weather JSAT:

Inadequate pilot performance, in that the pilot failed to change the operative
flight plan (the route and altitude the pilot plans to fly from the aircraft’s
present position to its destination) in order to maintain safe separation from a
Weather Hazard Area because of insufficient information on the location and
severity of Weather Hazard Areas; or, insufficient knowledge, skill and
judgment to properly interpret available information

Inadequate aircraft performance or equipment to avoid or tolerate the
weather hazard without catastrophic results.

Contained sufficient data for analysis and formulation of reasonable
conclusions about the root causes of the accident; and

Represented the major categories of fatal, GA weather accidents (i.e., IMC,
thunderstorms, icing, and turbulence), and contained systemic operational
failures that caused the accident.

Utilizing these criteria, ten additional cases were analyzed by smaller groups of
the Weather JSAT to address specific areas that the entire Team did not have
enough time to address during joint meetings. Hence, the interventions
recommended in this report are based on a sample of 22 fatal accidents. Each
of these accidents was assigned to one of five categories: VFR-into-Instrument
Meteorological Conditions (IMC), Thunderstorms, Icing, Turbulence, and
Rotorcraft. Accident reports representing conditions unique to mountain, coastal
and flatland areas were included within each category. The Team found
reasonable agreement between the distribution of the types and frequency of
accidents in the sample used for analysis and the distribution of accident types
determined in a multi-year study recently completed by AOPA ASF.” (See
Appendix M for statistics on GA fatal accident types)

As an additional check, a small group of Team members reviewed Aviation
Safety Reporting System (ASRS) occurrences and summary reports of non-fatal
general aviation weather encounters. This group’s findings further supported
the JSAT'’s selection of accidents as typical. The ASRS data offered valuable

" AOPA Air Safety Foundation, 1996 Safety Review of General Aviation Weather
Accidents.
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insight into the causes of weather encounters in circumstances similar to some
of the fatal accidents that were analyzed using RCA.

Analysis of Accident Reports

A systematic approach was used to compile data from the full NTSB accident
reports. A Summary Sheet was completed to capture the significant aspects of
the accident (e.qg., pilot characteristics, aircraft type and equipment, mission
length, terrain, weather information known to the pilot, the actual weather
situation). An Event Sequence Form was completed to document the
chronological order of events (see Appendix G for a sample of each form).
Charts and other resources were then used to reconstruct flight segments and
weather information, including freezing levels and cloud bases and tops.

The Team used the RCA process to create cause-and-effect charts that
identified root causes for particular accidents. (See Appendix H, sample root
cause chart) This process goes beyond merely describing accidents in terms of
“get-home-itus” or “pilot error”, and determines the probable causes of each
accident.

The analyses of the 22 accidents resulted in 370 interventions. These
interventions were grouped according to root cause and successively reduced in
number by combining interventions that were similar across weather-hazard
types, grouping those that addressed particular systemic causes, and deleting
those that were assigned a low-priority based on ratings of effectiveness and
feasibility.

VI. Accident Root Causes and Interventions

The interventions were organized into seven root cause categories. (Note: the
root cause categories are not necessarily listed in priority order):

Pilot: Inadequate initial and continuing pilot education and formal
operational procedures for making weather decisions, and in controlling
the aircraft in weather.

Aircraft: Inadequate weather avoidance and tolerance equipment and
performance of most GA aircratft.

Information:_Inaccurate, imprecise and untimely information on the
location and severity of weather hazard areas.

Air Traffic Control: Inadequate weather information and procedures from
controllers to assist small aircraft in avoiding or coping with weather.

12



Mountain Operations: Lack of special procedures for mountain
operations.

Regulations and Enforcement Practices: That discourage reporting of
PIREPs and requests for ATC handling to avoid or exit weather hazards.

Rotorcraft and Low Altitude Operations: Inadequate procedures for
safe IFR operations in low altitudes and small airports and heliports.

1. Pilot: Inadequate initial and continuing pilot education and
formal operational procedures for making weather decisions

Root Cause 1. Some pilots lack sufficient skill and knowledge to obtain all
pertinent weather information and make decisions on avoiding or exiting
hazardous weather. In addition, some pilots lack sufficient understanding of the
limitations of their aircraft relative to weather hazards, and of the adverse effects
of such hazards on aircraft performance and control.

Intervention Strategy: GA pilot knowledge, skill, and judgment in weather
decision making should be improved by updating initial training, improving the
effectiveness of continued education, and providing a model flight operations
manual primarily for use by non-salaried pilots. These materials would teach
pilots how and when to safely make the flight.

1-1. Joint (FAA and GA Community Responsibility): Improve training
materials, with updated practical guidance on weather hazard risk
assessment, avoidance, and recovery.

a) Provide a practical application of meteorology on avoiding or exiting from
hazardous weather areas:

Obtain and properly using all pertinent and emerging new sources of
weather information to continuously assess weather risks and reevaluate
the decision to continue on a planned route,
Have a practical understanding of weather dynamics, including the
variability of weather hazards,
Plan alternate courses of action with in-flight decision points
Understand the limitations of various ATC weather resources concerning
hazardous weather (e.g., the ability of ATC radar system to display
thunderstorms),
Resist passenger and other social pressures to proceed into weather
hazard areas, and
Request priority ATC handling to avoid or exit weather hazard areas.

13



b) Minimize the probability of an accident if weather hazards are encountered:

- Understand the effects on aircraft performance and control during
encounters with weather hazards (e.g., "turn radius" in mountainous
operations, etc.),
Avoid and recovering from upset or loss of control if weather hazards are
encountered,
Control an aircraft with ice accretion (e.g., proper airspeeds, appropriate
use of flaps with tail-plane ice, proper use of auto pilot, control of
asymmetric thrust, and the development and use of an abnormal
procedure checklist), and
Avoid obstructions in low visibility.

c) Maximize training effectiveness:
- Emphasize computer-based and simulator training, videos, and other
interactive, multi-media techniques, and
Include simulations of common types of weather accidents with out-the-
window depictions of IMC, icing, thunderstorms, and displays of NEXRAD,
lightning detectors, and datalink weather hazard displays.

1-2. Joint: Improve flight instructor and pilot continuing education
programs on weather hazards and decision making

a) Increase the distribution of FAA and GA Community weather-training
materials:

Ask distinguished speakers and popular personalities to promote such
materials,
Increase financial support for weather safety programs and video
distribution, and
Include weather-training aids on an expanded and user-friendly FAA Web
page, with links to Web sites containing industry weather training
materials.

b) Continuously improve weather guidance material:

- Update and revise Aeronautical Information Manual (AIM) sections and
Advisory Circulars (AC)(e.g., the Flight Training Handbook, Aviation
Weather Handbook, and Aviation Weather Services Handbook) to include
applied weather decision-making sections, and
Develop a schedule to review and update FAA weather guidance material
to ensure its timely release to pilots.

c) Provide the latest weather training material to flight instructors:
Provide Certified Flight Instructors (CFI) annually with Flight Review
safety topics that are based on accident/incident history and ASRS
reports and promote effective basic instrument flying skill for exiting from
IMC,

14



Develop new weather guidance materials for instructors and inform them
during the Flight Instructor Refresher Course.

Flight instructor groups emphasize and provide these materials to their
membership.

1-3. Joint: Develop a "model" Flight Operations Manual (FOM) for assessing
weather risks and avoiding or coping with weather hazards. The
model manual would be similar to a Flight Operations Manuals used by
corporate flight departments. It would contain decision models and other
materials that help the pilot determine the “weather-risk index” of a flight,
and identify the best practices for making weather decisions. The FOM
should include:

a) A risk assessment method that considers typical GA pilot training,
experience, currency or lack thereof, specific GA aircraft capability, terrain,
weather, night operations, flight altitude, and the quality of pertinent weather
information. The materials would incorporate principles from:

The FAA Aeronautical Decision Making (ADM) risk assessment model®,
The “personal minimums” concept , and

The safety assessment method used in aircraft systems certification
analyses.

b) The best practices for avoiding and dealing with weather hazards that may
be encountered. These practices would provide procedures for making pre-
flight and in-flight decisions regarding weather hazards, such as developing
alternate and diversion plans appropriate to the type of aircraft and pilot for
avoiding or immediately exiting from a weather hazard when conditions
deteriorate.

c) The FOM should include a section for each of the following types of

operations.

- VFR pilots flying simple, fixed-gear, single-engine airplanes without ice
protection or storm avoidance equipment,
IFR pilots flying complex, high-performance, single engine airplanes
without ice protection, but with some storm protection,
IFR pilots flying single- or twin-engine airplanes with ice protection
equipment and airborne weather radar, and
Various typical rotorcraft operations.

2. Aircraft: Inadequate weather avoidance and tolerance
equipment, and insufficient performance of most GA aircraft

8 EAA AC Number 60-22, December 13, 1991
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Root Cause 2. Most GA aircraft lack equipment to adequately avoid, exit or
tolerate inadvertent encounters with weather hazard areas (See Appendix D for
definition of “weather hazard area”).

Intervention Strategy: Encourage accelerated voluntary equipage of new low-
cost avionics and aircraft equipment that enables pilots to avoid or tolerate
inadvertent encounters with weather hazards (See Appendix D for definition of
“weather hazard”).

2-1. Joint: Improve certification to accelerate the equipage of GA aircraft
with low-cost avionics for data-link display of weather graphics (e.g.,
data link and graphic displays of weather that overlay navigation or terrain
data):

a) Implement the Flight Information Services (FIS) system, which would provide
weather information, including free “basic” weather products, to create an
incentive for operators to equip with these avionics by providing benefits for
equipped aircraft, and to seek training on the best use of FIS,

b) Implement the recommendations from RTCA Task Force 4 to reduce avionics
prices though reduced certification costs and delays, and

c) Provide other incentives for pilots to acquire and use these avionics.

2-2. EAA: Develop streamlined approval process to encourage installation
of equipment that enables pilots to retain control in IMC and icing.

a) Implement a streamlined process for certifying and approving the installation
of wing-leveler auto pilots,

b) Approve the proposed rule revision to allow the substitution by a non-
tumbling, standby attitude indicator for a turn and bank indicator, and

c) Applying Advisory Circular AC 23.1309-1C. to reduce the cost of proved ice-
protection systems for single-engine airplanes.

2-3. FAA/NASA: Increase R&D for on-board systems, such as forward-
looking icing and turbulence detectors, which help pilots identify and cope
with weather hazards.

a) Develop affordable on-board, forward-looking detection systems for IMC,
thunderstorms, icing, and turbulence,

b) Develop affordable ice-protection systems and airframe ice-accretion sensors
that are coupled to performance and control degradation warning systems
[e.g., NASA Advanced General Aviation Transport Experiments (AGATE) Ice
Protection Program),

c) Approve better, ice-accretion, qualification tool (computer codes) to minimize
expensive icing flight tests,

d) Develop affordable horizontal situation indicators, gyroscopes, air-data
computers, attitude-heading reference systems, and intuitive primary flight
displays, and

16



e) Develop affordable synthetic vision to “see through” clouds.

3. Information: Inaccurate, imprecise and untimely information on
the location and severity of weather hazard areas.

Root Cause 3. Observations and forecasts of weather hazard information are
not timely, accurate, or precise enough. In addition, the FAA lacks an adequate
system for disseminating weather hazard information.

Intervention Strategy: Improve and disseminate weather observations,
forecasts, and weather graphics to provide timely, accurate, and precise
information regarding the location of weather hazard areas for both pre-flight
and in-flight planning. The information must change from telling the pilot why the
flight cannot be made to accurately informing the pilot how and when it can be
made safely, so the pilot can make an appropriate decision.

3-1. FAA/National Weather Service (NWS): Produce and make operational
graphical weather information products that show how and when a flight
can be made safely

a) Provide real-time, automated graphical forecasts of all weather hazards,
instrument meteorological conditions (IMC), icing, thunderstorms, and
turbulence, in 1-6 hour time increments to show the location, time of onset,
probability of occurrence, and severity of the weather hazard areas, including
training for proper useof this information,

b) Include sufficient accuracy and precision so pilots perceive forecast
information as valid (i.e., as a “real” weather hazard area to be avoided
because the products increase the probability of detection decrease the false
alarm rate),

c) Accelerate the transition of new weather products from experimental to
operational status by approving and funding the NWS Aviation Weather
Center’s path to operations (Test, Experimental, Guidance, Operational)
program, which is based on utility and emphasizes user feedback to the
product designers,

d) Accelerate FAA funding for the flight verification program to confirm the
validity of new experimental weather products,

e) Fully fund the Aviation Weather Research program's R&D request, which is
required for the development of these new weather products, especially the
ceiling and visibility area forecast programs,

f) Provide FAA radio spectrum and funding for an automatic airborne weather
data-collection program expanded to include GA aircraft. This would
improve weather forecast modeling by including airborne equipment to collect
more and better airborne electronic weather data from GA aircraft and
regional airline aircraft operating at low altitudes, and

17



g) Issue generic operational approvals by FAA Flight Standards for use of new
weather products.

3-2. FAA:Improve the PIREP collection and dissemination system with a
common database for controllers, pilots, FSS specialists and
dispatchers

a) Encourage more controller involvement in the PIREPs system, by creating
simple methods for controllers to enter, retrieve, and disseminate PIREPS,

b) Develop a common PIREP database for use by controllers and FSS
specialists,

c) Provide FSS specialists with Aircraft Situation Display (ASD) that indicates
the location of the pilot receiving the in-flight briefing,

d) Enable service providers (ATC, including FSS specialists, and FIS service
providers), to access PIREP information from airline dispatch centers,

e) Implement pilot and FSS procedural changes that increase the number and
quality of PIREPs, and

f) Provide a dedicated frequency for PIREPs in each terminal area.

3-3 FAA: Expedite implementation of the Flight Information Service (FIS)
program to provide a national, weather data-link system. The FIS
system will enable pilots to receive weather information in flight without the
need to leave the ATC frequency.

a) Provide FAA spectrum for data broadcasts by two competing service

providers, and

b) Require deployment of the FIS system to be completed by June of 2000.

3-4. EAA: Improve the FSS system, including DUATS, FSS equipment and

weather briefings.

a) Improve FSS specialist initial and recurrent training, and supervisor quality
control methods, to ensure that specialists do the following:

Advise pilots on the time that a weather hazard area will move into a
planned flight route,

Describe the location of weather hazard areas relative to the proposed
route of flight and ground reference points that pilots can easily identify
(e.g., VORSs),

Suggest alternative flight routes, altitudes, and times that are appropriate
for pilot and aircraft capability, and weather and terrain characteristics,
Provide only the information that is specific to a flight and interpretation of
weather hazards, and

Emphasize the importance of FSS Specialist training, enhanced by
computer-based tutorials and reinforced by Air Traffic Bulletins.

b) Improve FSS equipment:

18



Provide a link between the FSS weather display and the home computer
displays of pilots to create an interactive briefing system that enables both
the pilot and the FSS specialist to view the same weather graphics,
Accelerate the implementation of advanced weather graphics for FSS
specialists, and

Enable FSS specialists to access information from airline dispatch centers
and meteorology departments (e.g., new convective weather products
now used for Collaborative Decision Making purposes).

c) Determine the adequacy of FSS services and eliminating current FSS system
design flaws that prevent pilots from understanding the location and severity
of weather hazard areas.

d) Improve DUATS:
Include more graphics,
Eliminate non-relevant information, and
Developing and including a weather-risk assessment model.

4. Air Traffic Control: Inadequate weather information provided
by controllers and insufficient procedures available to assist
small aircraft in avoiding or coping with weather hazards.

Root Cause 4. ATC procedures and equipment do not provide for adequate
collection or dissemination of information on weather hazard areas, or for the
special handling needs of GA aircraft that are not weather-tolerant those that are
not equipped to avoid or cope with weather and are of relatively low
performance.

Note: Although controllers are not required to separate aircraft from weather,
they have some weather-related responsibilities, such as informing pilots of
pertinent weather information, such as radar echo intensity. The root cause
analysis revealed that these responsibilities were not always fulfilled. For
example, pilot reports weren't solicited when certain adverse weather conditions
existed or were forecasted, radar navigation guidance and / or approval to
deviate around weather was not approved when requested by the pilot, and
information on reported or observed weather conditions was not issued. (See
Order 7110.65 section 2-6). On the other hand, pilots are required to maintain
contact with ATC while operating IFR or to obtain permission to enter certain
types of airspace when VFR. Although this type of communication with ATC
serves to reduce collision risk, at times the risk associated with collision is less
than the risk associated with encountering a weather hazard.

Intervention Strategy: Enhance ATC equipment and services to provide

adequate collection and dissemination of information on weather hazard areas.
Develop improved procedures for the special handling of aircraft that are not
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weather-tolerant. Implement systems that provide pilots with proximate traffic
information displays and enable them to get more weather information.

4-1. FAA: Improve ATC weather information knowledge and dissemination,
and develop new procedures for handling aircraft that are not weather-
tolerant

a) Educate controllers on the need to provide special handling to small aircraft,

by emphasizing in controller recurrent training:

- The impact of weather hazards on small aircraft, including safe distances
of aircraft from thunderstorms,
Weather hazard communication issues, such as informing pilots of
expected time in icing conditions, and
That “user preferred trajectories” for small aircraft are often requested for
safety, in addition to economic reasons.

b) Enable controllers to provide better information on weather hazard areas to
pilots:
- Provide controllers with better tools to enable them to see weather

hazards,

Develop tools within the next 10 years that allow a wider range of
controller responsibilities, including communication of weather hazards to
pilots,

Provide additional controller training on understanding and disseminating
the location of convective weather as shown on existing displays,
Enhance ATC weather displays such that weather hazards are easier for
controllers to identify, understand, and disseminate, and

Improve the transfer of weather information among Center Weather
Service Unit meteorologists, controllers, FSS Specialists and pilots.

c) Enable controllers to provide special handling of aircraft that are not weather-
tolerant:

Implement the draft “Aviation Weather Policy, Aircraft Hazardous Weather
Avoidance” and recognizing controller responsibilities to assist pilots in
avoiding weather hazards,
Authorize special handling by controllers when a safety-related action is
necessary, but is not yet an emergency (e.g., have pilots tell controllers
they “REQUIRE lower due to ice”),
Minimize aircraft exposure to possible icing conditions by developing new
terminal area climb and descent procedures for non-ice certificated
aircraft,
Create standard methods of quickly accepting “pop-up” IFR flight plans,
by increasing the versatility of the ATC system, while not encouraging a
lack of pre-flight planning,
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Create a procedure for re-entering the IFR system after encountering IMC
on a visual transition to land at one airport following an IFR approach to
another, and

Allow pilots to leave the ATC frequency for sufficient time to gather
weather information.

4-2 EAA: Implement systems to provide graphical traffic information for use
while away from ATC frequency to gather weather information, or provide
traffic awareness information without use of ATC resources to facilitate
acquisition of weather information from FSS or dispatcher:

a) Expand the range of the Traffic Information Service (TIS) system to 100 nm in
areas where there are coverage gaps,

b) Implement TIS-Broadcast as part of the FIS system if feasible, and

c) Determine the appropriate link to support ADS-B.
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5. Mountain Operations: Lack of special procedures for
mountain operations

Root Cause 5. NAS infrastructure (communications, navigation, surveillance,
and weather observing systems) and procedures are inadequate for traversing
mountainous areas at low altitudes.

Intervention Strategy: Improve NAS infrastructure and procedures to reduce
weather risks specific to mountain regions.

5-1. Joint: Enhance operational procedures for mountain operations:

a) Improve the usability of charts in mountainous areas, including recommended
pass routes coupled with ground markers,

b) Improve chart readability to highlight potential hazards, especially at night,

c) Create a pictorial display of recommended VFR and IFR procedures for
traversing and “escaping” mountain passes safely,

d) List recommended weather information sources and safety criteria (e.g.,
wind, visibility, and ceiling), and

e) Place AWOS units or remote TV cameras in critical mountain passes.

5-2 FAA: Exploit new communication, navigation, and surveillance systems
in mountainous areas to improve ability of pilot to fly safely below the
freezing level or cloud bases:

a) Expand the area of effective, air-ground communications through the use of
new private-sector communications systems (e.g., air cellular, LEO satellite)
that can be linked to ATC, and

b) Provide lower minimum en route altitudes using routes defined by GPS or
other new navigation systems consistent with their limitations.
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6. Requlations and Enforcement Practices: That discourage
reporting of PIREPs and timely requests for ATC handling to
avoid or exit weather hazards.

Root Cause 6. Pilots are discouraged from reporting hazardous weather and
making timely requests for special handling because of fear of enforcement.
Some FAA weather information is not effective in helping pilots avoid weather
because of the overuse of “VFR Not Recommended”, and “occasional moderate
icing” advisories.

Intervention Strategy: Redirect FAA regulatory policies to encourage pilots to
report hazardous weather and seek appropriate handling without fear of reprisal,
and maximize the usefulness of forecasts to pilots by not presenting the worse
possible scenario.

6-1. FAA: Encourage pilots to make hazardous weather reports (verbal or
electronic) by providing immunity from enforcement. Shift the emphasis
from enforcement to safety.

6-2. FAA: Define use of “ VFR not recommended”, and “ known and
forecast” icing, in ways that are operationally useful to pilots. Definition of
the term “severe” in icing forecasts should be the same for both flight operations
and aircraft certification standards.
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7. Rotorcraft and Low Altitude Operations: Inadequate
procedures for safe IFR operations in low altitudes and small
airport/heliport environments.

Root Cause 7. Rotorcraft operations have adverse weather difficulties beyond
those affecting airplanes.

Intervention Strategy: Improve current rotorcraft procedures and related low-
altitude infrastructure for hazardous weather operations.

7-1. EAA/NASA: Facilitate rotorcraft IFR operations by developing low-cost
avionics and reducing rotorcraft certification costs:

a) Develop low-cost rotorcraft IFR instrumentation (e.g., gyros),

b) Perform R&D to produce technology that looks ahead to see wires and
towers, and

c) Reduce the cost of IFR rotorcraft certification.

7-2. EAA: Create improved terrain and obstruction data for electronic data
bases:

a) Enhance electronic databases with high-resolution terrain and obstacle data
for GPS moving map displays to inform pilots of these hazards,

b) Include power lines and towers over 100 feet in existing databases for use in
rotorcraft moving-map displays in heavily used rotorcraft areas,

c) Require pre-construction notification to the FAA of all towers 100 feet or
more for inclusion in obstacle databases, and

d) Provide more detailed obstruction charting for rotorcraft operations in heavily
used rotorcraft areas.

7-3. EAA: Require that obstructions be lighted during low visibility
conditions:

a) Light tall towers when visibility is below 3 miles during the day, and
b) Install “power markers" (induction lights) on power lines in heavy rotorcraft
use areas.
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7-4. EAA: Expedite implementation of precision GPS approaches into
smaller airports and heliports:

a) Accelerate publication of precision IFR GPS “standalone” approaches to
eliminate situations where VFR transitions must be made between an airport
with an approach and the actual destination in low visibility conditions,

b) Establish low-level departure procedures that allow departures in the
direction of the route to avoid creating a fuel-critical situation later in the
flight, and

c) Issue a rule establishing alternate airport minimums for rotorcraft.

VII. Priority Ranking: Effectiveness and Feasibility
A. Method of Evaluation and Ranking

Interventions were evaluated by requiring each Team member to assign an
effectiveness, feasibility, and overall priority score for each intervention.
Effectiveness and feasibility are defined in Appendix D. Team members used
the following 1 to 4 scale to rate the effectiveness of interventions:

None (little or no potential for preventing the accident)
Low (some potential for preventing the accident)
Moderate (moderate potential for preventing the accident)
High (high potential for preventing the accident)

A WN B

Similarly, Team members used the following 1 to 4 scale to rate the feasibility of
interventions:

Impossible to achieve wide implementation

Very difficult to achieve wide implementation
Moderately difficult to achieve wide implementation
Easy to achieve wide implementation

A WN B

Finally, Team members assigned an overall priority rank (viz., high, medium,
low) to each intervention based on their understanding of its significance for
reducing the rate of fatal GA weather accidents. Average effectiveness and
feasibility scores were computed and then summed to create a total score for
each intervention. Interventions were then ranked in descending order based on
their total score.

In addition, the percentage of “high” overall priority rankings for each
intervention was calculated by summing the number of high-priority rankings and
dividing this sum by the total number of rankings voted for a given intervention.
The overall priority ranking was not used to determine the priority level of
interventions. The extremely high correlation (0.89) between the intervention
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total scores (i.e., E+F) and priority rankings indicated that the rankings provided
redundant information and were not needed to determine the priority level of
interventions.

As a comparison, a method of separating the effectiveness and feasibility
rankings into three categories each (high, medium, and low) was also used to
determine the priority level of interventions. The results of this method were
similar to those found by using the total score for each intervention. Therefore,
the following tables were created using the total score for each intervention.

B. First-Priority Interventions

First-Priority Intervention Selection Criteria: A 6.0 or greater total score (E+F).

The Team believes that the six first priority interventions, plus the first of the
second priority interventions, form an interdependent functional group. These
interventions combine to greatly enhance the capability of GA pilots to avoid
weather hazards by providing much better information on the location of weather
hazard areas and better operational guidance for using this information.

The six first-priority interventions are listed in descending order of total score.
See pages 11-26 for details of these interventions.

First-Priority Interventions E F | E+F

3-1 Produce and make operational graphical weather 39| 28 | 6.7
information products that show how and when a flight can
be made safely.

3-2 Improve the PIREP collection and dissemination 3.4 | 33 | 6.7
system to include a common database for controllers,
pilots, FSS specialists and dispatchers.

2-1 Improve certification to accelerate the equipage of GA | 3.7 | 2.8 | 6.5
aircraft with low-cost avionics for data-link display of
graphical weather information.

3-3 Expedite implementation of the Flight Information 3.2 | 3.0 | 6.2
Service (FIS) program to provide a national, weather data-

link system.

4-1 Improve ATC weather information knowledge and 3.2 | 30| 6.2

dissemination, and develop new procedures for handling
of aircraft that are not weather-tolerant.

1-3 Develop a "model" Flight Operations Manual for 28 | 3.2 | 6.0
assessing weather risks and avoiding or coping with
weather hazards.
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Together, these six interventions, plus the first intervention in the second priority
group, were combined to form Recommendation 1: Provide better information
to pilots on the location and severity of weather hazard areas, and better
methods of using weather information to make safe decisions on how and
when to make a flight.

Better strategic decision support for avoiding weather hazard areas is provided
by accurate and precise graphical weather products and improved methods of
disseminating them to pilots. The dissemination methods cover pre-flight
briefings and en route advisories, and apply to pilots who use a phone or radio,
as well as those with personal computers and data-link cockpit displays. Better
tactical decision support is provided through improved PIREPs information and
better weather information from controllers.

The first-priority interventions recognize that few aircraft are currently equipped
with new technologies for data-link display of weather information. However, the
number of aircraft equipped with such displays is expected to increase over the
10-year period of the Safer Skies Agenda. The first-priority grouping addresses
the issue of mixed equipage during this period by improving both the analog-
voice and digital-data components of weather information dissemination
systems. Finally, the first-priority grouping calls for a "model” Flight Operations
Manual that will aid pilots in making better, safer "go/no go" and deviation
decisions.

Implementation of the first-priority interventions would provide pilots with better
information on the location and severity of weather hazard areas. Consequently,
the Team determined that interventions in this grouping will decrease the rate of
fatal GA weather accidents more than interventions that focus on training pilots
to make better decisions using the current quality of weather information.

Hence, interventions to improve training were included in a second-priority
functional group.

The data indicates that providing pilots with better information on the location
and severity of weather hazard areas would have a greater impact on preventing
accidents than would increased pilot training using existing weather data.
Accordingly, interventions to improve flight training were grouped into the
second priority recommendation.
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C. Second-Priority Interventions

Second-Priority Intervention Selection Criteria: A 5.0 — 5.9 total score (E+F).

Eight interventions met the criteria and were included in the second-priority
group.

Second-Priority Interventions E F | E+F
3-4 Improve the FSS system, including DUATS, FSS 26| 33|59
equipment and weather briefings.
1-1 Improve training materials, with updated practical 26 | 3.3 | 5.9

guidance on weather hazard risk assessment,
avoidance, and recovery.

5-1 Develop enhanced operational procedures for 31| 25 | 5.6
mountain operations.

1-2 Improve flight instructor and pilot continuing 23| 32|55
education programs on weather hazards and decision

making.

5-2 Exploit new CNS systems in mountainous areas to 32| 23 | 55
improve ability of pilot to fly safely below freezing levels
or cloud bases.

7-4 Expedite implementation of precision GPS 25| 30| 55
approaches at smaller airports and heliports.

7-3 Require that obstructions be lighted during low- 32| 22 | 54
visibility conditions.

6-1 Encourage pilots to make hazardous weather 28| 26 | 54

reports by providing immunity from enforcement.

One of these second-priority interventions was grouped with the first priority
interventions in Recommendation 1.

Two of these second-priority interventions provide for improved initial training
and continuing education programs, and were grouped into Recommendation 2:
Improve weather training materials and programs to disseminate them.

The other five second-priority interventions call for improved procedures in
mountain, low-altitude, small airport operations, and better lighting and marking
of obstacles for safer low-altitude operations. Immunity from enforcement is
provided to improve weather data input to weather forecast models. These
interventions were grouped into Recommendation 3: Develop mountain and
low altitude airspace communications, navigation and surveillance (CNS)
infrastructure, procedures, and information of hazardous weather.
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D. Third-Priority Interventions

Third-Priority Intervention Selection Criteria: All other remaining interventions
not meeting the above criteria.

Third-Priority Interventions E F E+F

7-1 Facilitate rotorcraft IFR operations by developing 3.2 | 24 5.6
low-cost avionics and reducing rotorcraft certification
Costs.

6-2 Define use of “VFR not recommended” and “known | 2.5 | 2.8 4.9
and forecast icing" in ways that are operationally
useful to pilots.

2-2 Streamline approval processes to encourage 2.7 | 2.2 4.9
installation of equipment that enables pilots to retain
control in IMC and icing.

7-2 Create improved terrain and obstruction data for 25| 24 4.9
use in electronic databases.
2-3 Increase R&D for on-board systems, such as 3.1 20 4.8

forward-looking icing and turbulence detectors, which
help pilots identify and cope with weather hazards.

4-2 Implement systems to provide graphical display of 22| 20 4.2
traffic information for use when ATC frequency must be
abandoned to gather weather information.

Although, they are important for reducing the rate of fatal, GA weather accidents,
the third-priority interventions are expected to have a lessor impact during the
10-year Safer Skies Agenda because they are still evolving and may not be
feasible for several more years.

The interventions that would improve technology to enhance rotorcraft
operations, improve terrain and obstruction data bases, and provide new on-
board systems to help pilots cope with weather were grouped into
Recommendations 4: Improve technology for rotorcraft and small airplane
weather operations.

The remaining interventions were grouped into Recommendation 5: Remove
regulatory impediments to weather safety, improve certification process,
and implement services to encourage voluntary installation of aircraft
systems to make small aircraft more weather-tolerant.
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VIIl. Conclusions

A. The FAA weather information and dissemination system must undergo
fundamental changes to better support the flight planning needs of GA
pilots.

Forecasts of weather hazards, relative to aircraft and pilot limitations, should
provide information to enable the pilot to determine route and timing options for
a safe and timely arrival at the intended destination. Pilots need intuitive
information on the location, onset time, and severity of weather hazard areas to
support pre-flight and in-flight decision- making. The overuse of statements
such as “VFR not recommended” and the forecast of icing and thunderstorm
conditions over very large areas for extended time periods, when inaccurate,
degrade the safety benefits and the credibility of the weather briefing.

B. Intuitive graphical depictions of weather hazard areas made available
directly to pilots are the most effective form of decision support for
most weather hazards.

Excessive information, especially when irrelevant to a flight, impairs the pilot's
understanding of how and when to make the flight safely. For example, the
irrelevant information contained in a DUATS briefing can obscure the relevant
information, create uncertainty for the pilot, and interfere with pilot decision
making.

C. Many of the JSAT Recommendations have been included in previous
studies.

Many of the recommendations made in this report were made previously in at
least 11 other studies by credible groups who analyzed weather-related
accidents. These groups include the National Research Council, the Aviation
Weather Users Group, the AOPA ASF, and FAA or its contractors. There are
no quick or inexpensive solutions to the weather-accident problem and progress
towards effective solutions based on these recommendations has been slow, if
at all. Of the 20 interventions recommended by the Weather JSAT:

Nine were made previously in eight or more studies, and.
Another three were made previously by four or more studies.

See Appendix | for a cross-reference of our interventions recommended in this
report to the recommendations made in the previous 11 studies.

30



The proposed recommendations should be implemented immediately, without
further accident studies. The limited resources of both and FAA and the GA
Community should be focused on implementing these recommendations. .

D. Interventions must be implemented as high priority in order to achieve
the goals of the Safer Skies Safety Agenda.

A high priority program must be established for the FAA to realize a measurable
reduction in the fatal weather accident rate. Such a program is one that,
contains milestones, near-term schedule dates, and provides adequate
resources to achieve the milestones by the scheduled dates. The Joint Safety
Implementation Team (JSIT), or any other implementation groups, must have a
significant representation of users and other persons with direct operational
knowledge. To retain the momentum of the JSAT, the implementation process
should be expedited to result in implementation plans for these
recommendations that are approved by the Administrator within 6 months of
completion of this Report.

E. ASRS information should be used in developing and assessing the
effectiveness of the interventions.

ASRS information can provide real-time feedback on system effectiveness and
an indication of emerging risk areas before accidents occur. The use of “call
backs” to ASRS reporters (by NASA to protect the reporter’s confidentiality) may
be a powerful tool to get information about a specific occurrence and system
operation.

F. Significant reduction in fatal accidents requires an implementation
process with accountability elements

The Team believes that the following are crucial to the success of the program.

Joint, FAA Lead: Establish a process to follow up on the interventions
recommended by the JSAT, including tracking the office assigned each

task, the milestones and schedule, and the actual progress made against
that schedule.

FAA: Incorporate into the implementation of the interventions a
mechanism for measuring their effectiveness in accident reduction.

GA Community: Review the FAA's intervention follow-up data listed
above.
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G. Producing more stringent rules related to weather will not increase
safety.

The regulations applicable to weather accidents are summarized in Appendix L.
It shows that regulations for weather accidents are already in place. The FAA’s
focus should shift from regulatory enforcement to implementation of new safety
technologies and procedures. Very few GA pilots intentionally violate the rules
concerning weather.

H. Currently required pilot training hours are adequate.

Total pilot training hours should be retained at the same level, but may be
refocused to maximize the safety benefit. Training to use new weather
information and technologies is appropriate, but must be counterbalanced by
reductions in other training. The Team believes the FAA should redirect the
training time rather than increase it.

I. The RCA process revealed that descriptors (e.g., “ get-home-itus”,
“press-on-itus”, and “ get-there-itus”, “ pilot error”) are not sufficient to
determine the underlying causes of the weather accidents.

Use of these terms indicates a failure to understand the real causes of these

accidents, and does not lead to effective solutions.

See Appendix E for additional discussion of the circumstances surrounding

decisions made to continue flights when weather hazards may, or may not, be

encountered.

J. JSAT lessons learned.

See Appendix J for Lessons Learned on the JSAT and RCA processes.

K. Accident report data deficiencies.

Deficiencies in GA accident reports are described in Appendix K.
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Appendix A

Joint Safety Analysis Team (JSAT) Charter for General Aviation
Weather

Pu FPOSe. Complete an in-depth review and analysis of pertinent data focusing on general
aviation weather accidents and make implementable recommendations to reduce these
accidents.

Bac kg round: Industry (GAAPC), NASA, and FAA have agreed to team up to identify and
implement a data driven, cost/benefit focused, safety enhancement program designed to reduce
fatal general aviation accidents. The FAA, NASA, and GAAPC have further agreed that
cooperatively targeting a small number of critical and highly leveraged safety intervention
strategies will maximize the safety benefit to the aviation community. To achieve this goal, the
three organizations have chartered six working groups referred to as JSATSs.

Structure: The Weather Team will be co-chaired by an Industry and FAA representative
who will recruit qualified representatives from industry, NASA, and the FAA to serve as team
members. The co-chairs will facilitate team meetings as necessary and will serve as the points-
of-contact to the JSC. The team co-chairs will also maintain contact with the other JSAT co-
chairs to take advantage of all the teams’ collective experience.

Tasks:

The team will review a representative population (sic) of publicly available accident
studies related to weather factors.

The team will analyze an appropriate number of individual weather related accidents to
validate the completed studies.

The team will develop a list of “causal factors” or problem statements.

The team will recommend intervention strategies to reduce weather related fatal airplane
accidents based on this analysis.

Product: The team will provide the Joint Steering Committee (JSC) final report by April 1,
1999, containing our recommended safety intervention strategies. The final report will include
discussion on the process and assumptions used in the analysis. The team will also provide
periodic status reports on work in progress as may be requested from the JSC.

Resources: The JSC members who approve this JSAT charter agree to provide the
people, money, and organizational support to carry out this charter.
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Appendix B

Statement of Team Consensus

The undersigned Members of the General Aviation Weather Joint Safety
Analysis Team (GA Weather JSAT), as individuals and as representatives of
their organizations, have reached consensus on interventions recommended in
this Report.

Team Members
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Joint Steering Committee

Liaison Member

Henry Armstrong

Manager, Rotorcraft Directorate
FAA ASW-100

Fort Worth, TX

Team Co-Chairs

Paul Fiduccia

President

Small Aircraft Manufacturers
Association

Alexandria, VA

Team Members

Randall Bone

Human Factors Specialist
MITRE CAASD

McLean, Virginia

Myron Clark

NRS for Weather

Flight Standards Service
FAA AFS-400,
Washington, DC

Donna Drake*

Air Traffic Control Specialist
Aviation Weather Requirements
FAA ARW-300

Washington, DC

Frank Ferrer*

Aviation Safety Inspector
Transport Airplane Directorate
FAA ANM-180

Seattle, WA

Tim Smyth

Aerospace Engineer

FAA, Chicago Aircraft Certification
Office ACE-118C

Des Plaines, IL

Douglas Carr
Manager, Domestic Operations

National Business Aviation Association

Washington, DC

Colleen Donovan

Human Factors Specialist
Aircraft Certification - Avionics
FAA AIR-130

Washington, DC

Chris Dumont

Icing Research

AAR-421, FAA William J. Hughes
Technical Center

Atlantic City, NJ

Dean Gano*
President

Apollo Associates
Friendswood, TX
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Susan Gardner

Flight Operations Specialist
Commercial and General Aviation
Division

FAA AFS-820

Washington, DC

David Hunter
Research Psychologist
FAA AAM-240
Washington, DC

Bruce Landsberg
Executive Director

AOPA Air Safety Foundation
Frederick, Maryland

Joe Mooney

Program Analyst

Office of Accident Investigation
FAA AAI-220

Washington DC

Glenn Rizner

Vice President, Operations
Helicopter Association International
Alexandria, Virginia

Richard A. Weiss

Washington Representative
Experimental Aircraft Association
Oshkosh, W1

Ruth Grasel

Flight Operations Specialist
Commercial and General Aviation
Division

FAA AFS-840

Washington, DC

Dr. Kurt Joseph
Research Psychologist
Civil Aeromedical Institute
FAA AAM-510

Oklahoma City, OK

Mike Lenz

Aviation Safety Program Analyst
Office of System Safety

FAA ASY-300

Washington, DC

Lilith Ren*

Organizational Development
Consultant

FAA AHM-200

Washington, DC

Jim Sheets

Aviation Weather Research
GSC AUA/TAC
Washington, DC

Richard Young

Air Traffic Control Specialist
Aviation Weather Policy
FAA ARW-100
Washington, DC

* Denotes a team member who participated on a consulting basis only.
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Appendix C

Acronyms
AC Advisory Circular
ADM Aeronautical Decision Making
ADS-B Automatic Dependent Surveillance-Broadcast
AGATE Advanced General Aviation Transport Experiments
AIM Aeronautical Information Manual
AOPA Aircraft Owners and Pilots Association
ASD Aircraft Situation Display
ASF AOPA Air Safety Foundation
ASRS Aviation Safety Reporting System
AT Air Traffic
ATC Air Traffic Control
AWOS Automated Weather Observation System
CFI Certified Flight Instructor
CNS Communications, Navigation, Surveillance
DUATS Direct User Access Terminal Service
FAA Federal Aviation Administration
FIS Flight Information Service
FOM Flight Operations Manual
FSS Flight Service Station
GA General Aviation
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GAAPC

GAC

GPS

IFR

IMC

JSC

JSAT

JSIT

LEO

NAS

NASA

NEXRAD

NTSB

NWS

PIREP

R&D

RCA

TIS

TV

VFR

VOR

General Aviation Action Plan Coalition
General Aviation Coalition

Global Positioning System

Instrument Flight Rules

Instrument Meteorological Conditions
Joint Steering Committee

Joint Safety Analysis Team

Joint Safety Implementation Team
Low Earth Orbiting (satellites)
National Airspace System

National Aeronautics and Space Administration
Next-Generation Radar

National Transportation Safety Board
National Weather Service

Pilot Weather Report

Research and Development

Root Cause Analysis

Traffic Information Service

Television

Visual Flight Rules

Very-high Omnidirectional Range Beacon
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Aviation Safety Reporting
System (ASRS)

Data

Data link

Effectiveness

Feasibility

Appendix D

Definitions

A formal hazard reporting system funded by FAA and
administered by NASA offering anonymity and limited
immunity for reporters who are usually pilots, mechanics,
air traffic controllers or flight attendants.

Codified observations, symbols that represent objects,
events, and properties.

Digital telecommunications capability which supports
communication between airborne and ground based-
computers and their operators. This system may be used
to transmit weather information, using text and/or
graphics, from the ground to the aircraft.

Prioritization of the intervention strategies based on the
breath and depth of their relative potential for preventing
accidents. Effective recommendations are those that
address important root causes of fatal weather accidents.
Effectiveness ratings were from least effective (1) to most
effective (4).

The current potential for implementation of the
intervention strategy(s) on system-wide basis within
years. Feasible recommendations are those that have a
reasonable chance of being implemented while
maintaining or increasing the capacity and affordability of
GA. Ratings were from least feasible (1) to most feasible

(4).
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GA Community

Implementation

Intervention

Intervention Strategy

Priority Program

Root Cause

Weather Accident

For the purpose of this report, to delineate responsibilities
for tasks: All of the sector stakeholders in general
aviation, including industry and non-industry participation,
but excluding the FAA (eg. aircraft owners and operators,
pilots, manufacturers, maintenance professionals, and
service providers, etc.).

The means for accomplishing the incorporation of a given
intervention

Suggested solutions, things to do to prevent or lessen the
identified problem.

A proposed activity or system-wide change intended to
prevent, correct or mitigate an identified safety problem
associated with a cause of a fatal accident.

A defined program with:

Measurable objectives;

Intermediate milestones and schedule dates;
Sufficient resources to meet the objectives and
schedules;

Program Manager Authority to accomplish the tasks.

A specific systemic reason or factor that contributed to a
fatal accident.

As defined by the JSAT: An accident caused by:
The pilot’s failure to change the operative flight
plan (the route and altitude the pilot plans to fly
from the aircraft’s present position to its
destination) in order to maintain safe
separation from a Weather Hazard Area
because of: insufficient information on the
location and severity of Weather Hazard Areas;
or insufficient knowledge, skill and judgment to
properly interpret available information

Inadequate aircraft performance or equipment

to avoid or tolerate the weather hazard without
catastrophic results.
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Weather Hazard

Weather Hazard Area

As defined by the JSAT: A weather phenomena that could
have a catastrophic effect on the flight of a specific pilot,
aircraft, and mission. This effect could be caused by a
structural failure, insufficient aircraft performance to
maintain terrain or obstacle clearance, inability of the pilot
to navigate clear of terrain or obstacles, or the inability of
the pilot to control the aircraft. Weather Hazards are
determined in reference to the capabilities of the pilot and
the aircraft. They include:

1. IMC

2. Thunderstorms

3. lcing

4. Turbulence

As defined by the JSAT: A portion of airspace specified
horizontally, vertically, and temporally, that must be
avoided to maintain safe separation from weather
hazards within it. It is an area within which a pilot cannot
reliably avoid weather hazards through normal deviations
because of the relatively close spacing, severity level, or
growth rate of the weather hazard contained in it.
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Appendix E

Weather Accident Cause Observations
Observations of Co-Chairs

Probabilities of Events the Cause Accidents

Effective interventions are those that reduce the probabilities of events that,
when they occur in combination, lead to fatal weather accidents. For example,
in VFR into IMC accidents, the probability of an accident is the product of the
following sub-element probabilities:

The probability of an unintended encounter with IMC along the planned route
that cannot be avoided through deviations based on visual acquisition by the
pilot, including with assistance from FSS or ATC, and

The probability that the pilot will be unable to control the aircraft in IMC for
the duration of the encounter; or

The probability the pilot will be unable to navigate clear of terrain or
obstructions in IMC.

In thunderstorm accidents, the probability of an accident is the product of:

The probability of encounter with thunderstorms along the planned route that
cannot be avoided through deviations based on visual acquisition by the
pilot, including with assistance from FSS or ATC.

The probability gusts will exceed the structural strength of the aircraft; or

The probability the pilot will lose control in an upset caused by the
thunderstorms, and

The probability that the pilot will not be able to regain control before striking
the ground.

Effective interventions for these accidents are those that reduce any of these
probabilities. Combinations of interventions can reduce all of these probabilities,
and therefore have a major impact on the incidence of accident. This is why the
Team has grouped interventions into recommendations.

There are relatively few situations, when typical small aircraft are used for

transportation, where a VFR pilot has a 0% probability of encountering
hazardous weather on the planned route. Likewise, there are relatively few
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situations where the pilot has a 100% probability of encountering hazardous
weather along a route. GA pilots need assistance in making accurate weather
risk assessments or various route and departure time options in order to
determine how and when a flight can be made safely.

The Critical Element of “ Time” in Analyzing Weather Accidents and
Interventions

The element of time is crucial to causing and preventing weather accidents. The
purpose of most general aviation flights can be stated as traveling from a
departure point A to a destination point B within a desired time of arrival window
(the desired time or arrival plus whatever amount of delay is still considered to
still be “on schedule”). This can be called Plan A. A weather accident occurs
when the pilot does not change from Plan A to Plan B (or subsequent Plans) in
order to maintain safe separation from a Weather Hazard Area. All weather
decisions made during the flight -- the route, altitude, speed, intermediate stops,
etc. — are the means to the end of getting to the planned destination within the
desired time-of-arrival window.

Any flight (from any departure point to any destination point) can be made safety
(with no chance of an encounter with a hazardous weather area) by waiting until
there is no possibility of a weather hazard along the route. For certain flights,
arriving two days later than intended is not “significant” (retired person on a long
trip to see the country). For most flights, however, there is a rather narrow band
of arrival times that constitute a successful flight, and delays beyond this period
are “significant”. Any hazard can be avoided by deciding not to depart, by
departing earlier or later, or by changing the flight plan route in flight if the
decision is made early enough to always maintain separation between the
aircraft and the weather hazard area.

The pilot’s ability to reassess the situation, essentially “resetting” the flight for
the next segment and making a new decision on whether to continue and a new
assessment of aircraft location, in a timely manner requires that the pilot receive
updated weather information continuously along the flight.

Institutional Barriers to Analysis

Although currently undefined, the terms “get-home-itus”, “get-there-itus”, and
“press-on-itus” appear to mean one of the following errors of judgment and may
suggest that the pilot deserved their fate for making these errors.

1) The pilot made the flight after estimating an unreasonably high risk of
encountering a weather hazard he would not be able to avoid, and without an
exceptional circumstance to justify this risk (e.g., a likely loss of life if the
flight is not made), or
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2) The pilot made the flight after inaccurately under-estimating the risk based on
the available weather information, because of excessive self-confidence or
gross ignorance.

It is unlikely that the FAA or GA Community can address the first type of error,
but fortunately the cases indicate that these cases are rare. Recommendations
1 and 2 address the second type of error.

All pilots, including GA pilots, want to make “successful” flights -- they want to
arrive at their intended destination with all aboard unharmed and unfrightened.
For this reason, they strive to avoid weather hazards. However, flights that are
cancelled, return to the destination, divert to another destination, or are
substantially late because attempts to avoid a possible weather hazard that does
not in fact exist also are unsuccessful. These failures have often have
substantial adverse consequences, such as:

The loss of a major business opportunity because of missing a meeting.
The loss of income because of missing a day of work.

The loss of a family vacation because of missing a scheduled event.
The cost of several last minute airline tickets home.

The loss of the family’s support for the continued use of small aircraft.
Missing a hotel or rental car reservation.

Disappointing family or friends who had planned on the trip.

These are reasonable motivations for intelligent and rational people to complete
their flights as planned. Unless counterbalanced by an accurate estimate of the
significant risk of encountering a weather hazard on the planned route, they are
good reasons for making or continuing a flight. Persons who do so, and in the
vast majority of flights complete their flights safely because their estimate of risk
turns out to be correct, should not be condemned because they make a mistake
in judgment caused by inadequate weather information or methods for making
flight plan decisions.

Beyond these typical motivations, there are sometimes extraordinary pressures
to make a flight in the face of potential weather hazards. Emergency medical
flights are an area where extreme pressure (to save the life of injured persons)
was identified and was then addressed through clear operational procedures to
enable the pilot to make decision to avoid weather hazards. Operators should
avoid creating situations where extreme pressures to complete a flight are
created, such as not paying commercial pilots for turning back to the departure
airport because of deteriorating weather.
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Appendix F

Listing of Accidents Analyzed

Location Case Number Aircraft Part Weather
Model

Blyn, WA SEA95FA037 C-172N 91 IMC
Coldfoot, AK ANC95FA129 C-170 91 IMC
Fifield, WI CHI95FA259 Cherokee 91 IMC
Buskin, AK ANC95FA090 Cherokee 6 | 135 IMC
Mintonville, KY MIA95FAQ070 C-172N 91 IMC
Mammoth, CA LAX95FA210 C-P201N 91 IMC
Fishkill, NY NYC96FA004 C-206A 91 IMC
Fond du Lac, WI CHI96FA029 Warrior 91 IMC
Irvine, CA LAX95FA339 Bell 206L 135 IMC
Los Angeles, CA | LAX95FA079 Bell 296 135 IMC
E. Cameron, GM FTW95FA116 Bell 206 135 IMC
League City, TX FTW96FA028 BO 105 135 IMC
Jackson, PA NYC95FAQ050 Agusta 109 | 91 IMC
Chamblee, GA ATL95FA046 Bonanza 91 IMC
Oceanside, CA LAX95FA129 Cherokee 91 IMC
Cedar Key, FI MIA 95FA175 Mooney 91 Thunderstorm
Vero Beach, FL MIA95FAQ087 Skymaster |91 Thunderstorm
Milford, UT SEA95FA095 C-T210C 91 Icing
Memphis, TN MIA96FA048 Saratoga 91 Icing
Chippawa, WI NYC95FA056 Malibu 91 Icing
Thompson, UT SEA95LA185 C-177 RG 91 Turbulence
Howard, CO FTWO95LA113 Saratoga 135 Turbulence
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Appendix G

Examples of Case Report Summary and Event Sequence Data

Example of Case Report Summary

JSAT Accident Number Aircraft Type C-172

NTSB Accident No. SEA95FA171 Location City, State Quilcene, WA
Accident Date 8/5/95 Number on Board 2

N-Number 1464U Injuries / Fatalities 0/2

Pilot Background Pilot 1 Pilot 2

Ratings: Pvt, ASEL, IR

Total Time/Recent Time: | 933, 295 in C-172, 117 actual IMC

Age & Years Flying: 53

Other (Military,etc.)

Aircraft and Equipage C-172M

Weather avoidance equipment: No

Ice protection equipment: No

Other (autopilot, etc.): Problem with Localizer earlier in day reported.

Mission

Type and purpose of flight: Personal, return trip to Olympia, where he left that morning.

Month & Time of day & day/night conditions: August, afternoon, day.

Planned distance and time duration: 100 nm, <1hr. From an island in the San Juans, past Seattle
to the West, to Olympia (return flight from Olympia earlier that day).

Altitudes MSL & AGL over flight: 3,500 MSL/AGL; then 1,500 MSL/AGL, then 3,400 MSL/0 AGL
at time of impact in steeply rising terrain in narrow valley.

VFR/IFR rules and Flight plan type (if any): VFR, trying to get IFR clearance.

Terrain over route: water at SL, to mountains at 7,800 ft, impact at 3,400.

Other factors (urgency, human factors from other activities):

Weather Conditions and Information

Actual weather situation: Witness in other aircraft of two plane formation: need to descend to
1,500 for cloud clearance.

Weather information apparently known to pilot: Clouds nearly to the ground to the south in
direction of flight.

Accident Type and Location (Immediate pre-accident and accident site information).
Weather accident, impacted mountainous terrain at 3,400 on side of 3,900 ft mountain.
Apparently flying up road in valley.

Fact Issues:

Pilot aware if location of areas of hazardous weather relative to route of flight: Not preflight.
Pilot aware of extent and severity of hazardous weather: Not preflight.

Pilot had sufficient knowledge of how to properly interpret weather information: Yes.

Pilot had equipment problems: Localizer, not relevant.

Weather impaired aircraft performance or control: No.

Weather upset aircraft: No.

Pilot disorientation: Possibly.

Pilot had experience in this weather/terrain situation: Yes.

ATC assistance to pilot: No. Delay in getting IFR clearance contributing factor.

Navigation type: Pilotage.

Approach type: n/a

Other: Alternator off, battery on, mag on left, key broken, throttle and mixture full. Both mags
sparked and plugs appeared to be firing.

Example of Event Sequence
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Time

Event

1600 PDT Flight of two aircraft departed Orcas Is, WA, bound for Olympia WA. No
official weather brief, got PIREP from two pilots at airport. Poor weather not
expected.

Both climbed to 3,500 through San Juans, then forced to descend to 1,500 for
cloud clearance. Encountered clouds, lead pilot said would go to SEA and get
IFR, second pilot said he would drop down and break east, VMC. First pilot
saw second turn to the east. First pilot did 360 waiting for clearance. Shortly
after getting clearance (at 1,500), first pilot entered clouds in climb to 4,000.
First pilot says cloud conditions to the south of Port Townsend were nearly to
the ground.

1629:38 Pilot contacts Seattle Approach 3 nm north of Port Townsend, request IFR,
1,500.

1630:34 Pilot again contacts SEA, 2,000 ft.

1630:39 Told to remain clear Class B and stand by. 2,300 ft

1634:24 Controller contacts pilot, asks for a/c type and destination, 3,400 ft

1634:34 told to stand by for code, 3,300 ft

1634:49 Pilot makes garbled transmission, including “3,500”

1635:19 Controller asks for full call sign, no answer.

1635 Accident at Quilcene, impact with mountainous terrain
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Appendix H

Sample Root Cause Analysis Chart
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Cross Reference to Previous Studies

Appendix |

Intervention

1-1. Training Materials

1-2. Continuing Education

1-3. Flight Operations
Manual

2-1. Data link and display
Avionics Certification

2-2.IMC and icing systems
certification

2-3. R&D for new
Technologies

3-1. New Graphical Weather
Products

3-2. Improved PIREPSs
System

3-3. Implement Weather
Data Link System (FIS)

3-4. Improve FSS System
and DUATS

4-1. Improve ATC Weather
Services

4-2. Implement TIS

5-1. Mountain operations

5-2. New CNS systems in
mountains

6-1 Weather information
enforcement immunity

6-2 Definitions of VFR not
recommended and icing

7-1 Facilitate Rootorcraft
IFR operations

7-2 Improved terrain data
base

7-3LlightedObstructtions

7-4 GPS approaches
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National Report Key

1-
2-
3-

4-
5-
6-
7-

8-
O-

AOPA Air Safety Foundation, Safety Review General Aviation Weather Accidents (1996)
National Research Council’s , Weather For Those Who Fly, March 1994

Impact of New Technologies on Pilot Decision Making and reduction of Fatal Weather-
Related Accidents, December 1998

National Research Council’s, Aviation Weather Services, A Call for Federal Leadership and
Action

Air Crew Weather Data Requirements Analysis, January 2, 1996

Aviation Safety Plan, February 1996

Operations Concepts For Data-link Applications of Flight Information Services, March 14,
1996

National Aviation Weather Program, Strategic Plan, April 1997

US Department of Commerce, National Aviation Weather Program Plan (FCM-P27-1192),
September 1992

10- National Aviation Weather User’s Forum, 1993; FAA's External User Requirements

Management Process and Plan 1995.

11- National Aviation Weather Program Council, Aviation Weather Initiatives, January 1999.
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8.
9. Team members must be able to commit at least 25% of their time to the JSAT

Appendix J

JSAT Lessons Learned

Most of the Team members needed more complete training to become
proficient in performing the Root Cause Analysis (RCA). The best way to
provide this proficiency is to have a person very familiar with the technique
as applied to aircraft accident analyses participate with the JSAT and
facilitate the discussion, at least at the initial team meetings.

It is essential that the full NTSB accident reports be used for any accident
cause analysis. The computer report summaries are clearly inadequate for
performing RCA.

The Team should have adequate administrative support to get the reports
from the NTSB and copy and provide them to Team members. This must be
accomplished at the first meeting to avoid wasting team member time and
delaying the final report. The Team lost nearly two months because of a
delay in acquiring and distributing the accident reports.

A “working” representative from major FAA offices must be included on
JSATS, e.g., a current air traffic controller, pilots, etc.

Provide a presentation by the CFIT and Weather JSAT Teams to the co-
chairs of the other JSATS on their process observations and
recommendations before they begin their work.

It is important that the JSAT chairs aggressively pursue the goals of the
JSAT to produce a report that will make a difference. The entire Team must
be aware of the level of effort needed to accomplish a high-intensity short-
term effort. Emphasize the importance of team building and consensus, and
sharing the vision to meet the Safer Skies Agenda objectives. Stress the
importance of meeting commitments and the team’s responsibility to get a
report completed within the stated time schedule.

More time should be allowed to write the final report when large teams are
involved (i.e., when there are over 15).

Team members must be experienced operationally

effort.

10. The only way to complete a JSAT with a 25% effort in 6 months is to have

strong support in the form of clerical assistance, on the job training, and an
experienced facilitator. JSAT schedules must provide enough time to
effectively complete the study given the level of administrative support and
the percentage of time members can devote to the effort.

11.Provide a process to receive Joint Steering Committee feedback to the co-

chairs on the Team’s progress. The Weather JISAT Team was fortunate to
have several Joint Steering Committee members on our team to provide this
feedback. This close link provided important coordination on the scope and
direction the team was going.
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12. All JISAT members must be allowed by their organization to give high priority
to JSAT work.

13. Administrative support should be budgeted, even if it takes an outside
contractor (similar to what is being done for the Commercial Aviation Safety
Team).
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Appendix K

Deficiencies in the Accident Data System

Information necessary to understand the root causes of accidents was often not

collected by investigators. It is crucial to record in the accident report:

1) The weather information known to the pilot, including transcripts of all
briefings, whether the pilot used DUATS or a private weather service, the
weather channel, etc, discussions with other pilots, etc.

2) The weather information that was available to the pilot and may or may not
have been known, i.e., all forecasts.

3) The actual weather situation the pilot would have encountered along the
route of flight, based on all relevant observations for several hours leading
up to the accident, PIREPS, witness statements, etc.

Additional information on the pilot would be very helpful, such as, currency and
proficiency information, experience in the make and model aircraft and in the
geographic area of the accident.

A second source of accident analysis problems is incomplete and inaccurate
information provided by the NTSB to the National Aviation Safety Data Analysis
Center. This affects the FAA’s ability to make good management decisions
based on the information in the NASDAC system. The problem is the
transcription by the NTSB of the full NTSB accident report into the safety system
computer database. The Team identified problems of data interpretation,
summarization of narratives, and the simple transcription of data. Specifically,
the Team found missing and internally inconsistent information, mistakes in
summarizing the NTSB report caused by lack of operational understanding,
narrative summaries that were not supported by the NTSB report.

We suggest the following interventions to improve accident data:

1. Increase the qualifications for and training of the NTSB persons who input
the NTSB reports into the database, to improve their ability to interpret the
cases and summarize them.

2. Perform quality control checking of accident reports and databases.

3. Provide better instructions to investigators on the types of information to
gather for the record in weather cases so that all relevant data is recorded.
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Appendix L
Regulations Relating to Weather

Part 61; Cartification; Pilots, Flight Instructors, and Ground Instructors

§ 6165 Instrument rating requirements.

ib) Aeronautical knowiedge. A person who applies for an instrument rating must have
recajved and legged ground training fram an authorzed Instructer of aceamplished a
home-study couree on the follewing asronauticel knowledge areas that apply to the
instrumant rating sought:

{8} Procurement and use of aviation weather reports and forecasts and the elements of
forecasting weather trends based on that information and personal ebeservation of weathar
conditions;

(8} Recognition of eritlcal weather sttuations and wind shear avoldance;
{9) Asronautical decizion making and judgemeant;

Subpart © — Student Pilots

§ 61.93 Sole cross-country flight requirements.

(e} Manayvers and procedures for cross-country flight training in a single-engine airplanse.
{3) Procurement and analysis of aeronautical weather reports and forecasts, including
recognition of critical weather situations and estimating visibility while in flight;

{12} Control and maneuvering solely by reference ta flight instruments, including stralght
and level flight, turns, descents, climbs, use of radio aide, and ATC directives,

Subpart E - Private Pilots

§ 81,105 Aeronaufical knowledge,

{a) Gereral A person who is applying for a private pilot cerification must receive and log
ground training from an authorized instructor or complete a home-study course on the
aetonautical knowledge areas of paragraph (b) of this secfion that apply to the aircrafi
calegory and dass rating sought,

(b} Asronautical knowledge areas:

{6) Recognition of critical wealher situations from the ground and n flight, wind shear

avoidance, and the procurement and use of asronautical wealher reports and forecasts,

{13) Preflight action that includes —

{11} How to plan far alternatives if the planned flight cannat be completed or delays are

encourtered,

E 61.107 Flight proficiency.

{1) For an sirplane category rating with a single-engine class rating:
{1x) Basic instrument maneuvers,

(x) Emergency operations,

Subpart F = Commerclal Pilots

E 61.125 Aeronautical knowledge.

{a) General, A person whe applies for a commerclal pilot certificate must recalve and log
ground training from an authorized instructor, or complele a homesstudy course, on the
aeronautical knowledge areas of paragraph (b) of this section that apply to the aircraft
category and cass rating scught.

(b) Aeronautical knowiedge areas.

{4) Metesrology to include recognition of critical weather sitluations, wind shear recognition

and avoidance, and the use of seronaltical weather reports and forecasts;
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(11) Aeranautical decision making and judgment;
[14) Night and high-altitude oparations;

Subpart G - Airdine Transport Pilots

E 61.155 Asronautical knowledge.

{¢) Aercnautical knowledge areas,

(2) Meteorology, including knowledge of and effacts of fronts, frontal characteristics, cloud
formations, icing. and Jpper-air data;

{3) Genera| system of weather and NOTAM collectlon, dissemination, interpretalion, and
usE;

[4) Imtarpretation and use of weather charns, maps, forecasts, sequence reports,
abbreviations, and symbals;

{5) Mationa! Weather Service funclions as they pertain to cperation in the National
Alrspaca Systam;

PART 81, SUBPART B - FLIGHT RULES GENERAL

51.103 Praflight Action.

Each plist 'n command shall, before beginning 2 flight, become familiar with all available

infermation conseming that flight  This infermation must Include —

{a} For a flight under [FR. or a flight nat in the vicinity of an airport, weather raports and
forecasts, fuel requirements, atternative available if the planned flight cannot be
completed, and any known frafiic delays of which the pilet in command has been
advised by ATC;

#1.182 IFR Radio Communications

The pllot in command of each aircraft operated under IFR in controlled airspace shall have
g contlnuous watch maintained on the appropriate frequeancy and shall report by radic as
s0an a3 possible —

(b} Amy urferecasl weather conditions encountersd;

Aeranautical Infermation Manual

Chapter 7. Safaty of Flight

Section 1. Meteoralogy

7=1=1 MNational Weather Service Aviation Products
T-1-2 FAA Weather Services

7-1-3 Preflight Briefing

7-1-4 Enroute Flight Advisory Servics

7-1-5 Inflight Wheather Advizores

7-16 Categorical Outiocks

7-1-7 Telephone Information Briefing Service (TIBS)
7-1-8 Transcribad Weather Broadeast (TWEB)
7=1-8 Inflight Weather Broadcasts

7-1-10 Weather Observing Programs

7-1-11 Weather Radar Services

7-1-12 ATC Inflight Weather Avoidance Assistance
7-1-13 Rurmway Visual Range [RVR}

7-1-14 Reparting of Cloud Heights

7-1-15 Reporting Prevailing Visibility

7-1-16 Estimating Intensity of Rain and lca Pallets
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7-1-17 Estimating Intensity of Snow or Drizzle (Based on Visiblity)
7-1-18 Pilot Weather Reports (PIREPS)

7-1-19 PIREPs Relating to Airframe lcing

7-1-20 PIREPs Relating to Turbulence

7-1-21 Wind Shear PIREPs

7-1-22 Clear Alr Turbulerrse (CAT) PIREPs

7-1-23 Microbursts

7-1-24 PIREPs Relating to Volcanic Ash Activity

7125 Thunderstorms

7-1-26 Thunderstorm Flying

7-1-27 Key to Aviation Routine Weather Report (METAR) and Aerodrome Forecasts (TAF)
7-1-28 Irternational Civil Ayiation Organization (ICAQ) Weather Formats

Section § = Potential Fllght Hazards
7-5-5 Mountain Flying

PRACTICAL TEST STANDARDS
Private Pllot
I P"I"E‘ﬂlght Preparation
Weather Information
Cblective: To determine that the applicant:

1. Exhibits knowledge of the alements related to weather
information b snalyzing weather reports and faracasts from
various sources with amphasis on:

a. PIREP's
k. SIGMET's AND AIRMET s
c Wirnd shear reparts

2 Makes a competent "ga/no-ge” decision based on available

waather information.

D National Alrspace Systemn
Objective: To deiermine that the applicant sxhibits knowledge of the
elements related o the National Airspace System by explaining:
1 Basic VFR Waalhar Minimums for all clazses of
Alrspace,

Vil Navigation

c Divarsion

obp-cth-e To datarmine that the applicant

Exhibits knowledge of the elements related te diversion.
Selects an gppropriate alternate airpart and route.
Diverts promptly to the alternate airport.
Makes an accurate estimate of heading, groundspesd, amival
time, and fusl consumption to the atamate airport,

:|'~.*-'-"‘!‘-"'.—l

X Instrumarmnt Procedures
A Straight-and-level Flight
B Constant Airgpead Climbs
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Constant Airapeed Dascenis

Tums to Headings

Recovery from Unuzual Flight Atiitudes

Radio Commaunications, Navigation Syatems/Facilities, and Radar
Services

Mmoo

Instrument Rating
| FPreflight Preparation
A Weather Information
Note: Where cumrent weather reports, forecsts, or other pertinent information is not
available, this information will be simulated by the axaminer in a manner
which will adequately measure the applicant's compatance.
Dbgecﬂva To determine that the appllcant.
Exhibits adequate knowiedge of the elements relaled to
aviation waather information by obtalning, reading, and
analyzing the applicable items, such a5 -
weather reports and forecasts.
Pilat and radar reparts
Surface analysis cherts
Radar summary charts
Significant eather prognostics
Winds and temperatures aloft
Freezing level charis.
Stability ¢harts
Savere weather oullock charts
Tablas and corrversion graphs
SIGMET a and AIRMET's
ATIE raports
2 Guﬂ'e:ﬂy analyzes the asssmbled weather information
pertaining to the proposed route of flight and dastination airport,
and determines whether an altarmate airpclrt is reguired, and, if
required, whether the selacted altemate airport meets the
regulatory requiramernt.
| Instrument Approach Procedures
A Nonprecision Instrument Approach
10,  Applies the necessary adjustments 1o the published MDA and
viglbillty criteria for the alrcraft approach category when
required, such as-
d. Mational Weather Sarvice (NWS) reporting factors and
criteria.
B Frmsiun h'mtrumantAppm:h
Applies tha necassary adjusiments te the published MDA and
vigibility criteria for the aircraft approach category when
required, such as-
d. National Weather Servica (NWS) reporting factors and
criteria,

—FToFateAanTl

Commercial Pilot
| Preflight Preparation
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information by analyzing weather reports, charts, and forecasis
from vanious sourcas with emphasis on-

a convective SIGMET's
b SIGMET's
= AIRMET's
d Wind shear reports
& PIREP's
2. Makes a compatant "go/no-go” declsion based on available
weather information.

D Mational Alrspace System
Objective:.  To detarmine that the lpplu:nnt exhibits knowledge of
the slements related to the National Airspace System by

explaining:
1, VFR Weathar Minimums for all classes of airspace.
Vil Navigation
c Diversian
Objective.  To determine that the applicant
1. Exhiblts knowledga of the elements relaled to diversion.
2. Diveris promptly to the alternate alrpart.
3, Makes an accurate estimate of heading, groundspeed, arrival ime,
and fuel consumption to the alternate airport

Airline Transport Pilot
v Instrument Approach Procedures
€, Precision Instrument Approaches
10.  Applies the necessary adjustments (o the published Decision
Height and visibility criteria for tha sirplane
Approach category as required, such as-
d. National Weather Servica (NWS) reporting factors
and criteria.
D Hurlpul:lilﬁn Instrument Approaches
Applies the necessary aduatments to the published Minlmum
Descent Althude (MDA} and visibility criteria for the airplane
approach categorny when required, such as-
€ National Weather Service (NWS) reporting factors
ard criteria.
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JERPPESEMN REGULATIONS 15 FE3 LG U5 FAR 135=41

SUBRART D — VFRAFA OPERATING LIMITATIONS AND WEATHER
REQUIREMENTS

135201 APPLICABILITY

This subpars prescribas the cparating Imikailons
e WEIAFR fight operations anc associatac
seather requiremenls oo cperatons under ks
part.

135.205  WFR: MINIMUM ALTITUDES

Zxceol when recessary for lakeal and landing,
o DBIECH may operale unosr YFR—
23 An airplane—

{7} Darmgtee day, soow S00 12t above the
surface o lgses than 300 feetl horizenialiy
fram any obstacle; or

(31 A1 aigni & oan altiude ‘ess then 1000
taet abcwe the hinhest anaiecle within o
harizeatal dstance of & miles ram s
roarse intended ko be llowr on,on
des orased mueunturcus tarein, less han
2000 et abowe the highest oostagle
wil7in & honzontal oistanc: o 5 mess
from the course roended b2 os Slown; o

‘=t A helcopter cerr @ congestes araa al oan
alilegde lesz thar 300 {eat abowe e aumace.

135805  WFR: VIEIBILITY REQUIREMENTE

‘al Mo person may operdie ar airplens under
WER inunconlrzlied airspace whan the ceiling
i lass than 4 L0 faet unlgss Nightwisoi sty =
a1 lsast 2 miley.

iby M peraon may operats = helioophe wnosr
YFA n Cizss S oairspace al an attieds of
1,500 feed or less abows e sarace o within
the laceral bosrosries of the sulace 2rsas o
Cless B, Class ©, Class O, or Class E
airspace cosignated for en Aot uniess he
wigially = an legsl—
(11 During the day-1/2 milla: or
(21 &L nighl=1 mile,

135207 VFA: HELICOPTER SURFACE
REFERENCE REGUIREMENTS

Mo oarser may apersls 3 nelioopier uncees YFAR
unless that persan has vsual sukace reference
or. at night, wisus, soface hghl refererce.
suficenl ko satsly contiol the helicoptern,

135209 VFA: FUEL SUFPFLY

(&1 Ma parsan may begre a fmghd oparation i an
girplans woddsr WFA unless, consider g wind
and forecest weather corddllons, it hes
encugh fusl ic My £2 Ehe Brat point of Fopndes
landing and, assuming normal crulsing fue
consdmpbor—

11} During the dey, 1o fy afer that tor as
least 30 minwes; or

b

1L

127 At pighl, lo By gtar that fo- al least 45
rniribas.

Mo person may boyin A thght oossation in o
helizaptes under WEH unless, cormsdening sl
and foracas weat~sr conditions, it hea 2nowgn
fuel 1o fa o the firsl paind o0 inkenesd l2nding
and, asserung  normal  creiing el
consumpdion, @ &y ater lhol Tos &1 weast 20
TINLLRS.

135211  WFRA: OVER-THE-TOP CARAYING

PASSEHGERS: QOPERATING
LIMITATIONS

Subject 1 arvy additionz! limitalicersn §235.181. ng
peszon may operals At oasersf under VFA
over-tne-ton cartving pasiengers, unless—

(2] Woather (ppoits or forecasls, of any GorEit-

=}

abor at them, roicale hal the westhar at e
int=nded oaminl of 1somineticn of owgethe-leo
flam—

1] Allews deszant oo nnoealh e celing
undes YFR ard & forecasl 1o rormain 59
unzil sl least 1 hour =ker the cshimated
tire of amvel &t Tl puing ar

(20 alows a0 IFF approact and a-cirg wilh
fligh iziear of the chouds wnlil reacung he
arescribas imtial pograzsh altdude cyver too
firai approach Iaailiby. Unless B2 aoproae?
= omade witn trs use of mdan oodet
291 17540 of this chapls:; ar

It = coerated urder conddions & cwing—

[ Fur rultienging &ccraf:, descent or sonsin-
—anen 31 the figt under YFR 1 crital
snginge Fais: o

(21 For soge-enging aircrall, desaent unoer
YFR if its snnim: Lails.

135,213 WEATHER REPCRTS AND

FORECASTE

(i) Whenswer 3 parscr openaling an aircrett undor

ik

bz par; s reuired 10 UES 3 waashar reaan ar
aresast, that persen soail use tnal af the LS.
“ebcns: Weather Scrace, 3 2ource soorsved
v the 1.2, Maboral Weather Service, o a
snurce aporowved By b Adminisirator. Sdow-
zver, for operators wodder WER. the plot in
command may. @ Soch a rapart s not peailakle
wse weatner informalion hased on het pilots
own cbsarvalions ar an Ihese of ob~er parsaos
ComgElent 1 SUpply BpRroprate eosnrealicns.
for tne purposes of maragraph () of iz
saction. wealher absendaiions meds wnd e
niahea e piete o concducl IF= apeieiions et an
sirport must be taken a1 the airpor wossne
lheps | FER apesations are conduciod, uniess the
Adminisiretor issues Gpeallans specicaticrs
allowing thie use of weather obsarvalions kcen
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REGULATIONS B

AR AR S FAR 135-43

136225

Y

iy

=l

[

IFR: TAKEDFF. AFPROAGH AND
LANDING MINRELINS

Mo pilct may wein snoestrument anproach
procesdure to &0 ainpon unliag—

(1] Thar airoort hes a weizther resarting
tacility cpersted by s B, havinnal
wBEtTEr Sarvice. o SoURSS Approved by
L5, Mational Wealher Sersoe or
vycg aporowens oy he AcTinisiEtsn
and

Thia laiiesl weeazner repon issusd oy thal
weather repoaing folity indicatss tha
wegiher conetlans e at or ahies he
authionized IFS landing rminire Tis o that
3ol

(2]

begir he ks auprasch sei-
Trert af an EbUmEn appriEch protecurs i
an airport unless he lakes! waather 18pon=c
Ly braa Tagility dagcringd i0 2oragrEph IR
his geciiun indicass A wealher conditc "5
s at o0 showe the ashonze:d 7R landiri;
rranirrems for shal racedura.
f & pilnh has ogun she finat approacs
ment of annsirament aEEro.en 10 sn
unler paragtapn o ol P ssclar arc g
Ger  waslber  reporl ndisming o below
minimm condiaons 5 receswed a7 The =i
orail 's—
(i or an IL3 lfinal spprosct 25 has
pezsnid tne frgl appraget dis; o
12 0n an i oor PAR mnzl gamozzh and
Fas best  lumes  Dwer 1A linal
spproact oo lnaller or
+ On o linal agoroach using @ YO RDE,
or cornarsble approach prcssurs and
ihe aircral—
iy Has passed tho ACoriori
cr fingl approach Fo oo
wWhers o oz approeach i is el
spacifed, has compleled R oo
pedidfe Turn 208 IE autanlisted m-
b lewward she airport o e final
sooroans caurse waihin bhe siEnce
prescribed 17 1he proceduars:
ey apgosch may be ceeunued and £
la~edvy rrade il ihe pilel linds, wpn
reach rw the authorizea BCA o 2H. chial
aciual weather conidibons o &l EEE
0ud) b the minirmans prescribnal tor the
aronenu e,
The M0A o OH and vaibility Fanding mis-
mume prescibes in Fad €7 of this aheplar
in the operafor's operilicns soscilicalians an
increased by 100 feet ard 142 mite iespact-
woly, pul rol e sxcesd Bre oting a0d
wizihility minirmms for that aireer when uzed
az an alermate airport, G esch et n
sommand of 3 turbing-powsred alrplans who
nas ol served gl weagt 100 hours 25 pilal in
sommand in that spe of eirplane.
Eacch pilct miak 713 80 IFF t2gan o approach
amd lanching a1 & military or fomign airpart
chal! eormphy witn applicabie natumen

8-

o}

ped

o laci iy

)

ihi

LE=]

appraacn procedurey and waslher T
prasuriten by e authorily rawing junsadicton
cer dhat irporl inoadditon, no ol e at
ihat sirporl-—

i1 Tars it aress ITH when [re wisDile

lass than 1 mus, ur
2y hlake an calr.meEnl approach =hen the
wigibiliny is les8 hER 1752 mile.

Il lzsaod rmumums &re specified o Fan
<hie crapter Inrine sekect & rpon na o ol
{alie nit an acrat undar 171 when b weather
coeaions reparied by the Lty desribed in
paragrazi (a);1] ol his sectian 2:5 leas Far
his tekecdl minmums speciied for B2 mkank
irpart in Farl 37 o in tng ceifisate bookers
aparalians speclicatinns

Excely A5 QrowEss N DEREGIEDS ik o this
sacsian . i bakacH sninimums ars nol prasorined
i P &7 af 1rua chaplar tor thie tkect airpord,
no pilen maw lage Sitoan aircrelt Lrodsr IR
when 172 weaias coocitions reporecd Dy 92
laciiy desoribed o sdagraph Aot s
el oo arg joss than that prazaribest o Parl $1

ar

cf ; chaptes o @1 che mEsifonls oo der'z
coprainns soeciiczlions
sl graans wber swaighle  CwlinmEnt

approach procedures ce 2utharizac,
ey ‘mke off an arcrell Lnasr IFA W
wanlrar condidicn: repeded I e Tas
dazariied o pararac bt of s sssion
ale egual Iooor = thin B2 oSl
7 G LI T IS, s miharwise
rashnned,
(14 Trewind direcion amd Gelodsy o e i
o lakeof e sich thatb a slighs-in
-strumant approach can e made b he
rupweay serserd by Lne inaturnenl
ARERIAG;
The assacated grosss fachdies upon
which trs landing rinimuns s predi-
catel and L= mlatsc avkaere ecuiement
are in ponE oparaton; and
‘) The cerifcalz mwoer 135 bigem appcwel
ler such cpeiabons

227 ICING COMDITIONS: OPERATING

LIMITATIONS

P gy mare laks off wn zirzraf ol hae roesl
ice, oF snpe adhering 1o any renr blade,
Do ar,  wdndsEld wing,  StEDEFING . or
coneral surace. o a poveerplant rstalation. o
I gn & repeed alimeler, rats ol dinb, ar flight
aHitude insiiIment syabem. sxcent under the
{olloesng condiles s

(1% Tagenfs may be mee wih fros adheririr
5 the wergs. or wablizing of contss
surtazes, il tr2 “rost kas oeern pshed b
make il smool

TurenHs may be macs with frost under
sne wing i the aea of the el tapks It
autharizen by the Sdrimisiralon.
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Us FAR 135-44

24 kA3 NE

REGULATIONS

SEPRPEESEMN

i

Mo cefificate holder may  aulhonss 3

e I tske off a7 mo oot may lake oll

anoaimlate any brie soaciions are such thit

frast, lop or Snows mnEy rezsonable oa
expectsd 1o sdhers e e aimplane unless the
pilot s c:mpletad all applicakla “raineg as
1Erired b 22341 and wnkess oo ol he

Tenloin; “2odEments iz mat:

(1A melakesr contzrmiration chaca, tha
by bDeen o hed by the cetifoabs
hnlder -|nr| e by the Administratsr
for the s plane type. has Tser
m_"'upler.ej witter & minukes prion to e
ginning te4ect. A pratakesd conlare-
nafin checs 5 2 cnech tomake sure he

and suitaces are fres of
‘rost ce

121 The certdicaie toloor heg a0 aporoved

samatve  procedurs =.r-~1 yesedar Thal

mggeduea the 3T ars is searmined i

o oo of el ine ar S0,

silicule Lallen as &n approvec
'ing program thal camplies
:.F Ihiss craian &nnl e

F:cr.l':;:.l !'.:-l ar F.nplF.mE 1ha'. ~as ge ot

arosiginns hal neal 34 00 Apperoix A or

troEe or Iransaon sotegary &ifplzre vpa

ceqificaran, 7o plic: may fy—

11 dnder 1R int snoses g lerecast lighl o
: zrale g -.".:-n::llt-: 3

i il

FJ chomirg i
£t protecting
prepeller. wircshizl
ozt

a :*.r s IC1g =24
1l I:Iill:lll':II

,ahalizing ar

aurfai:e
. rela ot ogl
'r||-'e||| ELE Tl
& ~=coptsr under IFR oo
Sl ;| ey enndilcrs o0 under
iz unless o ngs

ac.cooped for cperations i cing oordifass.

=l

135,222

Excapt for an airsawe I3l Nas (0| ohotection
Erovis tmat maet B3 ol Rppends A oo
those tor franspert colggony arwane Tppe
eprtlicahcr, no oot may Gy an ducran ok
aneen o [arsras] severs cing oorotinng

I ourropl  woalte  reports c  brigfing
infematon el upan &y b= FI|CI: r
commard indicels bl te IorecEst icing

rewvddicn tnet would oibe -wisa prohilil “helichr
w | notb be etcountered during 1e
hiause ol changed weeths- sondi
tars e the “£StrSfIons in pars

condit ons ao no apply.

AIRPORT REQUIAREMENTS

Mo cerilfcune:
UnIEES 5 AGnG
aperaton. considering s .o
sudane, abatroctons. and li
Pdes al A arcestt carry 75 passe
night ke Gff bomeoe 2rd orl ar - al
unlazs

11 That

e mMay ssE any
inr chea

I ikeTs

Airpor
proposad
23 =iZE

'
T}

pilat Fasm eeoarred the

“&ina
ooczrban irem anillure s 1 wai: EIIEC"IGI'I
SIATDr O oA nglII‘lJ G

i e

Ire zase of fak
ansarEborsl 3Te
2 1 al 12 ae=a
lznding cr kel
" Foraiplares
markss ants:
dit Far c=acoptars by
Sty IMErks”
I
=or the ourp: Al paragraph [z ool b
seciian. A the arca ‘o beogges "ar 1a<eaf ar

b

bovaelary @
lightz cr rollocres

their -IJEE
acdirirst-ator.

PAGE $35-45 AND 135-48 RESERVED FOR EXPANSION.
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Appendix M

Statistics on GA Fatal Accident Types

Statistical Quick Look: Fatal Weather Accidents

1. Private pilois flying single-engine airplanes ara most at risk.

2, 44 percent of the pilote—the largest segmant—had over 1,000 total hours.
3. Most of the pilots received weather briefings and had current BFRs.

4. The cruize phase claimed the most accidents.

5. Atternpting VFR flight under conditions of deteriorating weather and dark nights was named as
the prime cause of fatal weather accidents. Cther YFR-into-IMC situations were also prevalent.

€. 35 percant occumed at night.

Fatal Weather Accidents - --—-——-__1,750 Total

Initzter 7R flight nto reported adverse welurbuknestongT-stomn |

I = Severity Aircraft Type Flight Plan
- SE e R el
f 2a.7% X -.,II =~ 3% E‘. : H“ v J 5
l-,l ?:n\:ﬁlﬂtgsr Y | 00 | ! et f e |,~ m; _, 3%
i & | 21% 3E%
* o ~ T %, i
\"e-. S et T -
Prefhight Taxi 0.2% 104 | Attempted YR Alight in deledomating weatherdet nght
TakeuF/Climb | 19.5%| | B4 [inmatect VFR fight into IMC. o ineirument, satng o exparente |
Crisce hﬁ-}&-ﬁmv T 49 o ES Bﬂ:ll‘lﬁl‘llﬁ'd WER Mlight inba IME, ne Inmmer: rahn,gf.l:r CRpCTTGD
Beocent A3% TE_ Atterrpiod WER aner cvercast in 'm:-_.'1*.=-|r_|9.15--‘ismp: e
; BE | Desconded bekey spproach meimUme doring instrarrest apoecach
B 65 | Impmoper IFR apprnsc in i
1-5% B5 | Enitiztesl VPR Fight nto MncaT MG cand tioTs
12.2%) B0 | Contiusl VIR Tight inko krown Ir-d.b."l:ir.l:rinmljru_-: varalhe
2 0% BE
a9

Exceaded desiar. arframe filum, YER i A, Dmiled nstrement exa.
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