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191 5 H ¥ (Dallas-Fort Worth,
DFW)
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Y] % ¥ 23 (Predictive Wind Shear Warning
System) HY 5 ] 4 4% - DFW 7R 5 ks & BK
55— B 2= [H H % TDWR ( Terminal Doppler
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HIRERFEIEE » LS B R s
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SR AZHEE 11 m/s - N PERE EE S B 45 dBZ
SRR AL o ORGSR R R S i
FIE Ry T HUBRRIT . B - ZARUHEES
FHEFE (Go-Around ) - IHIAERRIE 40 435 ©

REFA R (A E R LS T

LLWAS Fo 2 =08 #E » A — INos &
(BN EEH%E - BRI REEE AU ~ /J\R'F;EZ
URRIR - LASGE— A s R i
3 | FHI kLB R an
e bt 2 mT e HE DA A - TR R
TRER AL FRZAE 7 Ry i ELR N, - 2 2BEF R

R - (EBR TR 5 bR 70 B 3 70 )i
RS o ANKSREERE - IR RIIEH
B SE SN S = =i o R T -3
BRI o BB AR st Bl S fee
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(3)

1B 22 JB U) & 7R %t (Low-Level Wind
Shear Alert System, LLWAS) :
LLWAS & ix 7 FH R #35  b o2 [\ U
B R A o L B R AE S SR [ A
¢ % HH M T R e JR G AR G 6-12
fH) - R B B BT LR A I
JRG AR BT R R BR - El
W ERME (A0: 7 m/s) Bfigs e -
FEEEL R SOFEIE - AEFERGE - 58
B2 B i VD26 R, « B0 - iR
BEERSY - (EEREEE I (<100 m) -
i RTRAS T AR -

& Ui 2 3% 8 K & 7F % (Terminal
Doppler Weather Radar, TDWR ) :
TDWR & 5585 s B E A Ay = AT
%G PRAS em - A{EHI
KR F RSB R - FEEED NSRS
(Doppler Shift) Z3 47 5 i1 Al 3 B
5 o DIRERFME R ] RITHRF (&0~ 1% 60
km N B A - tLREER R HUE R
Ui~ BEE$%E (Gust Front) 535 ([E]
4) 5 oaPeERE (MR 0.5° ~ R
BERERTRE 150 m) < {HAEHFRE -
ZKE B Y S B e s AR
HEZEENFRERSEFE - iIEE
BB -

2 B ) & Z5 3£ (Light Detection and
Ranging, LIDAR) :

LIDAR % i %% 59 75 5 S R0 B2 R
BRI - SRR ML - AIfgHE
AT R TR o R e RS 22

..
!

L T l
..

B4 - Eﬁ*ﬁ%%?ﬁ'ﬁ C BERE BRI R R . Fﬁﬁﬁ ( Gust
Front) £IR%

&Y (Clear-Air Wind Shear, CAWS )

R - BB Ry RETE MR /K BT
WIS SRR L BRI
AJfERTEE 30-50 ARE - {HIE o BRES
R R AT » BLAE SRR /K BRRE LR
TRRE TR - ZE Pk E BRI
RIS AP0 E LIDAR DUE§B)
TDWR - RAJ£ERTH) 1-3 43 $#FEHIE Y] ;
] A2 HELERY -

2 | BRI AR

(1) #Eh={RH# (Reactive System) :

N R AR S AR R 2 BT S
Z2l ~ T T B Rl E R
REAEE S H R RGBSR - R
FIBFHIIEARF (Anz2l MRek 15
i) B #H " WINDSHEAR | &%
o HARRRAER « A H TRBEE A R
Yl A REE R - IR e
TR TR HEDH
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(2) F#F=HHM (Predictive System ) :
TR R R E EC L L)
TORE » 53 MR 5 R E B - 5 E ]
T4 1) o B B ZU AL (A s =15 B
/300 m) - HITHERITE - BICEH

(40 : A320 ~ B777) ¥ EMILIIRE -
18 B Ry v R RITAY 5-30 M E7R - FHHYL
S JFERF ] 5 IR ) B K A 80 i [ 5 3-5

km > HAZIEERY ~ Mk 2 -

3 . BuEBAEE R R

FE RS R - (K22 R YR TH R

W B R AR 4 e R e SO TEOEN - WRF AR
( Weather Research and Forecasting Model )

BT AT AR B8 i B 3 5 [ 288 o SRS BR - T
& kA b (Data Assimilation) FiT#S & 5
% ~ LIDAR B GH800] » HERE(a655 EHG
TERRED - HATES 2 KBS (40« HAR
ACH ~ B EEEFENEY ) TR " Nowcasting +
LIDAR ; 5%ifi » FI$&nRi 10-15 58 FEH kY
PSRRI FTRER AR AIBESR -

I\ IREPLEEFRIERAE
1 . i RSB R R

Ry B AR A 2 J3\ U] o B - 15 B IR A A
% (ICAO) B2 B R Jm Bl #iRIT B R
2 52 B\ U] 55 ) B R S AR 0 R R R AR
(Full-Flight Simulator, FFS) #f £ - # {F
TIGH © BB RIS AR E » 5 A EIRR
2t Y “WINDSHEAR GO-AROUND” #§ %
JERNZI BRI R IZ 7 » BAEHE IR B K
(TOGA) » ZEHEJJHEFF T » s 3R
g o SB—TJ71H » HERF L REELHRTE A (Pitch
Attitude) - FEHEFEUH 15°-20° - HEGIEE

ARG o B GEE RE RY  EZRE
JRYI A EEEE ~ AGEEE AL - FELLIREF
THIRRE - REFERRE A E IR HER -
JRAHEEIE - BEZEREAR W PO -

2 | BHIBERR RGN

B 15 B SR 52 BT Y T A R\ U E
i BE 22 o RIS 38 e B2 (Wind Shear Alert
Dissemination) * £% 1 B $# » & LLWAS B¢
TDWR & I EI K 2= JR YJ I » 35 5 FERIZI LA
"' Wind shear Alert ; J7 =@ ERAT A AL - I
ST ATIS (H B &R ) 55— J5m
VL RETT G NE B R RS - ESRE TR
JERE 1% S35 BRI R R - DU 5025 2RI B A

IRFSZ 5%

R THH A B IR ENN TR R SR B e Bl T
@ F) 3 - B TDWR ~ LIDAR K @& 2
EE S HAE BRI ¢ W EE T B Y
e RS JEL BT W 3 -

3 | MRS B B

Rz MY BRTT - thRAFREM
LE o EHRGEER Y] 0 S BEREER I
Gl EERAUER TR s RS o SRS
it 7 S A I R e B B (L SR+ I
A FEAR [H R 2 8 W th R I B e R 2%
B - DRI B < -

4 | G B ) R

F B RIS A T R YRR
F#fE 1 (Wind Shear Incident Report System,
WSIRS) ° JHE » PUT58RIIRIT B A [H]
HoEER  m R~ 29 - ZRREMLEE - B

10 VA oy N2
. 2025 7-12 H T IRITELEFET] |




B R U {22 Y T

o] 2 SR R Bl e A BT - TR UM IR B
R MR -

i H 2005 FHEEAT TRFTRR B
RS, o TSR RFE R AR AR
BGTTEO AT - AT RS YTHET R
T FELICE B B AR - R [ B
A D) R B2 EH -

T REHFTE A Z R T ]
1 . ATIBLII B\ A R A

IR NS (AL Bi2RE2E (Machine
Learning, ML) 5| AR RTHER - B K
B 32 B LIDAR & ORIl K - w] 728 37 & 1)
HEj# s A (B4 : Random Forest B{
CNN) - H#ER A H R B
THHIBSR SRR » THHERMEMESRIETT 20% -

[E]RF - B AR R (UAS) 7RA]
FIRAEE ROTERH - e R SR 2
HIRRE o RIS HERG & UAS ~ LIDAR Eiih
TETERE] - A B T = A TR B B e 2R

2 | REE PR

W SR AL - B IE BE R Bl 5 3
T A RS B B L - BTSRRI
R B B S W T SRR & B R BIZY -
IRRTIH R MR e L & iR LTt - 21
HFHEELE - RATHEINGRENR KA T
(Nowcasting ) B = @ S AT EE - 7§
SR 4 BRIy B HE A SR R AN,

3 . ZREMGHETS

H A7 JEYE 26 43 BOR 25 B0 - RAER]
RFEE G - RARTTMEDEE « ERAlE (Data
Fusion) : #% & LLWAS » TDWR * LIDAR
Bl g U 5 —E k& =X (Standardized
Alert Message) * DL ICAO #R &3 7#f— &
YISk s T ES A E IR - 1S
B~ WA B R G B ERRE RN BUASAH[H]
JESZERH ©

N #Em

it S A 8 i (R 22 YT - TG IR A & R
i ELPRB SR RS - HIP B S
TRENST ~ HOPES [ ~ IR B g e Ja i R
FLERNFR - BRI H PR R RE
A HEAERE FRSCER FER R ML - P
By SR e s B - A th B g S T TR
YRV R E s - AR 0 I B i [ L AL
B Rynn 2l A BYIAR -

PURSETL TR R - $R&E =28 LIDAR
Fo EZEHIF Bt - BIRE S ICHE B Sl o
41 DFW F4{E£ 5 TDWR % & - RIT BRIE
B ERR 8 - R EIRGHEERI D - Sl
TREEL TR RSB -

RAHTFEIES B = AT O
A TR S THI B i (e s - #ELURIETE
HHEST - RREUVE AR RIE S F - 07
RIVERF 3 ¥ B IR SR S 3R P B T TEHI —
RS | TP RGE BRI TR %N - 9
PRI o~

SEXEL -

1. FoRSE SRS - 2020 @ N (K2 YT

VA o = N 11
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WERSTHT » REAFH » 55 68 1 Chicago.
2. ISR A ZER 0 2015 @ (FRTRSAE 11. Hong Kong Observatory,2018 : Application
¥ETFM) - ZEE - 2k - of LIDAR in Detection of Microbursts at
Hong Kong International Airport. HKO
3. BRABEL 0 2017 © = HERS 5 0% [ 300 YL Ja BT Technical Note, No. 107.
LB SE - o AT - 32(1)
45-62 - 12. ICAO,2019 : Manual on Low-Level Wind
Shear (Doc 9817). Montreal: International
4. MRIETE » 2022 @ 298 15 g 1 55 v e A & Civil Aviation Organization.
% P B - RBREHECE » 16(3)
87-103 - 13. Whiting, B. F. & Knox, J. A.,2018 :
Advances in Wind Shear Detection
5. MRIFREL » 2022 ¢ BIZURERN RS m L LIFe Technologies. Journal of Atmospheric
Z g AL 0 SRR THEREL A AT 0 250 ¢ Science and Aviation Meteorology, 25(4),
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Through CRM and TEM, communication
has been key to safety improvements.

Thomas W. Young | May 14, 2025

American author and aviator Ernest K.
Gann wrote of his experiences in what some call
the golden age of the airlines — the late 1930s
to the 1950s. He chronicled a world where
captains were kings and rarely questioned. In
Gann’s memoir Fate is the Hunter, he described
his role as a copilot: “| was expected to operate
the landing gear and flaps on command, keep
the log, the flight plan, and my mouth shut.”

But the golden age was not so golden. In

1959, in the United States alone, there were 40
fatal accidents per 1 million aircraft departures.
Today, the fatal accident rate is a fraction of that;
according to most calculations, it hovers not far
above zero.

Improvements in cockpit dynamics and
communication, championed by Flight Safety
Foundation and other organizations, contributed
to that improvement. Copilots, or first officers,
are no longer expected to keep silent. Captains

Flight Safety Bi-Annual, July-Dec 2025
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are expected to encourage crew input to make
better decisions and prevent and mitigate errors.
Crew resource management (CRM) can be
defined as the effective use of all available
resources for flight crew personnel to ensure
safe operations, reducing error, avoiding stress,
and increasing efficiency.

A 1979 workshop sponsored by the U.S.
National Aeronautics and Space Administration
(NASA) helped establish the CRM concept. The
workshop, titled Resource Management on the
Flightdeck, stemmed from NASA research on air
transport accidents. Research presented at the
event pointed out the types of human error that
lead to accidents, including poor interpersonal
communication, decision-making, and

leadership.

Examples included the worst aviation
disaster of all time, the March 27, 1977, collision
of two Boeing 747s on the ground at Tenerife in
the Canary Islands. The accident killed 583
people.

A KLM 747 began a takeoff roll in low
daylight visibility at the same time a Pan
American World Airways 747 backtracked on the
same runway. The investigation found that the
KLM captain:

» Took off without clearance;

* Did not obey the “stand by for takeoff”
instruction from the tower;

* Did not reject the takeoff when the crew of
the Pan Am aircraft reported they were still

on the runway; and,

* Replied emphatically in the affirmative when
the flight engineer asked if the Pan Am 747
had cleared the runway.

The accident demonstrated in tragic terms
what can happen when communication breaks
down.

Early research referred to the CRM concept
as cockpit resource management. By the time
NASA held another workshop in 1986, the name
had been changed to crew resource
management. Training focused on topics such
as team building, briefing strategies, situational
awareness, and stress management.

By the 1990s, CRM training had evolved to
better reflect the flight deck environment. Airlines
began to include modules on CRM concepts in
aircraft automation. This led to memory aids that
help prevent mistakes in automation use. An
example is CAMI, which stands for confirm,

activate, monitor, intervene:

* Confirm the function the crew wants to use;

« Activate that function;

* Monitor aircraft performance; and,

* Intervene if the automation does not do what
the crew intended.

Training also began to look at human factors
such as fatigue, and hazardous attitudes that
can lead to accidents.

Flight Safety Bi-Annual, July - Dec 2025
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Those attitudes include:

* Anti-authority — Don't tell me what to do.

* Impulsivity — The weather is marginal, but
let's just try it.

* Invulnerability — | never have a problem with

this approach.

* Macho — The rules are for average pilots,
and I'm better than average.

* Resignation — What's the use?

Further refinements led to the U.S. Federal
Aviation Administration (FAA) approving a major
change in airline training, the advanced
qualification program (AQP). AQP training
includes CRM concepts put to use in a line-
oriented flight training (LOFT) simulator session.
The “LOFT ride” takes a captain and first officer
on a normal line flight from departure to
destination. Along the way, they encounter
problems ranging from minor issues such as a
runway change to major issues such as an
engine failure or fire. For most of these
problems, there is no right or wrong answer as
long as the flight terminates safely. The pilots are
graded not only on how they flew the aircraft but
also on how they communicated and considered
options.

Evolving CRM research brought an
acknowledgement that human error cannot be
eliminated entirely. This led to the threat and
error management concept (TEM): If we cannot

eliminate error, then how do we minimize,

mitigate, and manage it? The origin of TEM can
be traced to line operational safety audits
(LOSA) conducted by the University of Texas
Human Factors Research Project (UT). During
the 1990s, UT conducted jump-seat
observations with Delta Air Lines and
Continental Airlines. Trained observers
categorized the origin of errors and the response
to them, along with the result.

This research led to a TEM framework

model with three main components:

» Threats — events or errors beyond the control
of line personnel. Threats can include a wide
variety of things such as weather,
malfunctions, air traffic congestion, and
disruptive passengers.

* Errors — actions or inactions by line
personnel that lead to deviations from

intentions or expectations.

* Undesired states — conditions in which an
unintended situation results in a reduced
safety margin. These conditions can range
from relatively minor mistakes such as
turning onto the wrong taxiway, to potentially
disastrous situations such as a runway
incursion.

During TEM-oriented training, pilots are
debriefed after simulator sessions and asked to
identify the threats they faced, how they handled
the threats, and the result. In addition, airlines
have begun using threat-forward briefings to stay
ahead of potential problems. For example,
during approach briefings, instead of a rote
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Through CRM and TEM, communication has been key to safety improvements.

recitation of data on an approach chart, a
captain and first officer discuss anticipated
threats: “There are low-level wind shear
advisories for our destination. Let's review the
wind shear escape procedure.” Or for a
departure briefing: “This is a low-visibility takeoff.
Call out ‘center line’ if you see me drifting off it.”

This type of threat-forward briefing came
about in the aftermath of the Aug. 14, 2013,
crash of an Airbus A300-600 freighter during an
approach to Birmingham-Shuttlesworth
International Airport in Alabama, U.S. The crash
killed the captain and first officer — the only
people in the airplane — and destroyed the
airplane.1 The U.S. National Transportation
Safety Board (NTSB) report on the accident said
that because the crew did not re-brief when
elements of their planned approach changed,
they “placed themselves in an unsafe situation
because they had different expectations of how
the approach would be flown.”

In 2017, an AeroSafety World article noted
that the Birmingham accident was an example of
how briefings had become a “one-sided, box-
checking” event. The article advocated a more
collaborative briefing concept.

To facilitate such collaborative briefings,
airlines have begun using briefing aids. These
are cards or placards that organize potential
threats into categories, such as personal issues,
weather, mechanical problems, and others. The
aids encourage conversations between captains
and first officers, such as “What other threats do
you see? Did | miss anything?” Ideally, the most

imminent hazards become top of mind for the
crew, and they become better prepared to
handle those hazards.

In the decades since Ernest K. Gann’s
career, the aviation community has learned
much about how communication on the flight
deck can enhance safety. Gann dedicated Fate
is the Hunter to “old comrades with wings ...
forever folded.” His list of those comrades runs
for five pages and concludes, “Their fortune was
not so good as mine.” Lessons learned from
such fortunes continue to benefit the flying public
today.

Thomas W. Young is a retired airline captain
and a former instructor flight engineer with the
West Virginia Air National Guard. Young has
logged nearly 12,000 hours of pilot and flight

engineer time. —a—

Note

1. The NTSB said the probable cause of the
accident was ‘the flight crew’s continuation
of an unstabilized approach and their failure
fo monitor the aircraft’s altitude during the
approach, which led to an inadvertent
descent below the minimum approach
altitude and subsequently into terrain.”
Among the contributing factors was “the
captain’s failure to communicate his
intentions to the first officer once it became
apparent the vertical profile was not
captured.”
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Al's Role in Radio Transmissions

AD’s Role in Radio Transmissions

Researchers say their system can eliminate misinterpretation
and overcome weak transmissions.

FSF Editorial Staff | October 7, 2025

Image: Embry Riddle/Melanie Stawicki Azam

Embry-Riddle Aeronautical University researchers Andrew Schneider, right, and Jianhua Liu, center, confer with lead flight supervisor Chris

Deputy.

Artificial intelligence (Al) can be used to help
pilots and air traffic controllers better understand
radio transmissions that in the past have been
obscured by cockpit noise, weak transmissions,
or misinterpretations of aviation phraseology,
according to researchers at Embry-Riddle
Aeronautical University (ERAU).

The research team says their system uses
Al to transcribe aviation radio communications

and translate them for easier understanding.

Andrew Schneider, an assistant professor
who directs the ERAU Speech and Language Al
Lab, said that, while other aspects of aviation
have been subject to automation and technical
advancements, radio communication has

remained largely unchanged over the years.

The new system “uses automatic speech
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Al's Role in Radio Transmissions

recognition to convert spoken radio
transmissions into text,” the university said.
“Natural language processing interprets and
refines that text by standardizing terminology,
formatting spoken numbers and call signs,
removing filler words, and flagging potential

errors.”

Large-scale analysis of pilot-controller
communications will be used to identify patterns
of speech, errors in phraseology, and safety
concerns that historically have been difficult to
study.

“We see an opportunity here for another
leap forward to help controllers and pilots have

safer radio communication,” Schneider said.

The system also could provide immediate
feedback to student pilots and help their flight
instructors identify communication problems, the

university added.

Jianhua Liu, associate professor of electrical
and computer engineering, who has a
background in machine learning and is working
with Schneider, said the research can improve
communications efficiency and reduce errors.

Their research began in 2023 with the
collection of radio communication recordings

from 12 U.S. airports.

“The audio was fed into automatic speech
recognition tools ... to create transcriptions,”
ERAU said.

Schneider, a linguist, added that off-the-shelf

models averaged an 80 percent word error rate,
making clear the need for aviation-specific tools.
Liu developed an alternative that reduced the
word error rate to less than 15 percent.

“Aviation English isn’t standard
conversational grammar,” Schneider said. “It's a
condensed, highly specific phraseology spoken
over a noisy radio where words get clipped and
specialized jargon abounds.”

Kristy Kiernan, associate director of the
Boeing Center for Aviation and Aerospace
Safety, said the new system provides tools
needed to use qualitative data on the same

scale as numerical data.

“Large language models can open up whole
new data sources that we can leverage to
improve safety,” she said. —+—
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