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On August 20, 2008, about 1430 local time, a Boeing (formerly McDonnell Douglas)
DC-9-82 (MD-82), registration EC-HFP, operating as Spanair flight JK5022, crashed after
takeoff from runway 36 left at Madrid Barajas International Airport, Madrid, Spain. 1 Of the
172 people onboard, 154 died, including the 6 crewmembers; 18 passengers were seriously
injured. The flight was destined for Las Palmas de Gran Canaria Airport in the Canary Islands.
The airplane impacted a field between the departure ends of runways 36L and 36R and was
destroyed by impact forces and postcrash fire. The investigation is ongoing, but initial findings
have identified the need for safety improvements.
An interim accident report by the Comisión de Investigación de Accidentes e Incidentes
de Aviación Civil (CIAIAC) of Spain indicates that the leading edge slats and trailing edge flaps
were not extended during takeoff. 2 This reduced the airplane’s ability to achieve adequate
aerodynamic lift. The report also indicates that no takeoff warning system (TOWS)
annunciations were recorded by the cockpit voice recorder (CVR) during the takeoff roll.
According to the airplane manufacturer, the TOWS should have annunciated a clear and audible
aural warning when the throttles were advanced to takeoff power while the trailing edge flaps
were not extended in a takeoff position.
Before the attempted takeoff, the airplane had been delayed at the airport because of an
abnormally high ram air temperature (RAT) 3 as measured by the RAT probe. Data from the flight
1

The Comisión de Investigación de Accidentes e Incidentes de Aviación Civil of Spain is investigating the
accident with the assistance of an accredited representative from the U.S. National Transportation Safety Board
under the provisions of Annex 13 to the International Convention on Civil Aviation.
2
The trailing edge flaps parameter on the flight data recorder (FDR) was recorded as zero during the entire
takeoff roll and subsequent attempted flight, which means they were not extended. In addition, the FDR’s “leading
edge slat disagree” parameter did not indicate “disagree” before the accident takeoff, which indicates that the
leading edge slats were likely not activated. (When the slats are activated, they often are not synchronized with each
other as they extend, and the “disagree” parameter indicates this.)
3
RAT is a raw, uncorrected air temperature measurement gathered from a probe on the aircraft. This
measurement is not corrected, for example, for the “ram” effect of compressing the air into the probe.
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data recorder (FDR) later confirmed that the measured RAT reached 104º C during the initial taxi
to the runway for takeoff. The airplane returned to the parking stand to resolve the issue.
The excessive temperature measured by the probe indicated that the RAT probe heater
was operating while the airplane was on the ground, even though the heater is designed to
operate only when the airplane is airborne. Maintenance personnel pulled the RAT probe-heat
circuit breaker, and the airplane returned to the runway.
When the MD-82 becomes airborne, the ground-sensing system, composed of several
relays, enables or disables several systems. One of these relays, the R2-5, disables the TOWS
and provides power to the RAT probe heater at takeoff. If the R2-5 relay fails, it places the
TOWS in air mode and depowers it. In this circumstance, a flight crew who started a takeoff roll
in an airplane that was not properly configured would not receive an annunciated TOWS
warning.
The CIAIAC is also investigating another incident similar to the Spanair accident. On
June 5, 2007, about 0945 universal coordinated time, a Boeing MD-83, registration EO-LMM,
operated by MAP Jet as a charter flight, performed a takeoff without extended trailing edge flaps
at Lanzarote Airport, Gran Canarie, Spain. According to the FDR data and pilot reports, the
takeoff was performed without the proper takeoff configuration, and a TOWS warning was not
annunciated to the flight crew during the event. The aircraft continued on its flight undamaged.
The National Transportation Safety Board (NTSB) also addressed safety issues
concerning the takeoff checklist and TOWS on a DC-9-82 (MD-82) after investigating an
August 16, 1987, accident involving the same airplane model. About 2046 eastern daylight time,
Northwest Airlines, Inc., flight 255, N312RC, crashed shortly after taking off from
runway 3 center at Detroit Metropolitan Wayne County Airport, Romulus, Michigan. 4 Flight 255
was a regularly scheduled passenger flight and was en route to Phoenix, Arizona. Six flight
crewmembers, 148 of the 149 passengers, and 2 people on the ground were killed. One passenger
and one person on the ground were seriously injured.
The NTSB determined that the probable cause of the accident was the flight crew’s
failure to use the taxi checklist to ensure that the flaps and slats were extended for takeoff.
Contributing to the accident was the absence of electrical power to the airplane’s TOWS, which,
thus, did not warn the flight crew that the airplane was not configured properly for takeoff. The
reason for the absence of electrical power could not be determined.
TOWS Pretakeoff Check
As a result of the Northwest flight 255 accident, McDonnell Douglas issued a telex to all
DC-9-80 operators on September 1, 1987, recommending that the airplane checklist include a
check of the TOWS before each flight. When the NTSB’s final accident report was issued on
May 2, 1988, all U.S. operators had incorporated this change in their checklist.
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For more information, see Northwest Airlines, Inc., McDonnell Douglas DC-9-82, N312RC, Detroit
Metropolitan Wayne County Airport, Romulus Michigan, August 16, 1987, NTSB AAR-88/05, (Washington, DC:
NTSB, 1988).
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However, the checklist associated with the August 2008 Spanair accident airplane did not
reflect the McDonnell Douglas 1987 telex because, although the Spanair After Start checklist
required a check of the TOWS before the first flight of the day, it allowed the check to be
skipped on subsequent flights if at least one pilot remained onboard between flights. 5 Following
the accident, the European Aviation Safety Agency (EASA) issued Airworthiness Directive
(AD) 2008-0197 on October 29, 2008, for McDonnell Douglas DC-9, MD-88, MD-90, and
B-717 series airplanes. The AD acknowledged that some operators’ checklists did not comply
with the McDonnell Douglas telex and required operators to amend the procedures section of the
affected airplane flight manuals to incorporate a mandatory check of the TOWS before the
engine start for every flight.
On November 5, 2008, the Federal Aviation Administration (FAA) issued Safety Alert for
Operators (SAFO) 08021, “Importance of Standard Operating Procedures (SOP) as Evidenced
by a Take-off Configuration Hazard in Boeing DC-9 series, MD-80 series, MD-90, and B-717
Airplanes.” The SAFO referenced the 1987 McDonnell Douglas telex recommending a check of
the TOWS before each flight and indicated that the hazard of misconfiguration of flaps and slats
could be mitigated “in two distinct ways: 1) warning systems and 2) [SOPs].” The SAFO
recommended that directors of operations, maintenance, safety, and training review procedures to
ensure that maintenance and flight crew SOPs lead to the proper operation of TOWS and that
personnel are effectively trained in approved SOPs for their aircraft.
The NTSB agrees with the intent of the SAFO and the EASA AD; the operation and
effectiveness of the TOWS depends on both maintenance and flight crew personnel adhering to
SOPs and complying with the McDonnell Douglas telex. However, the NTSB is concerned that,
because the telex was issued more than 20 years ago, some operators may be unaware of it and
may have developed new checklists that do not include the TOWS check before every flight. The
NTSB is also concerned that, like Spanair’s procedures, U.S. operators’ procedures may not
require checking TOWS before every flight in all cases. Finally, SAFO 08021 is insufficient
because operators are not required to implement its recommendations. Therefore, the NTSB
recommends that the FAA require that operators of Boeing DC-9 series, MD-80 series, MD-90
series, and B-717 airplanes include items in their preflight checklists to verify that a check of the
TOWS is accomplished before every flight.
The R2-5 Relay and TOWS
In support of the CIAIAC accident investigation, the NTSB conducted a ground test of an
MD-88 airplane at Ronald Reagan Washington National Airport, Washington, D.C. 6 The test
conditions attempted to replicate the possible conditions of the Spanair accident and MAP Jet
incident by opening various circuit breakers and advancing the throttles while the leading edge
slats and trailing edge flaps were not properly configured for takeoff. 7 Several significant
5

The TOWS check, item number 49 on the After Start checklist, was shaded, and the checklist stated, “Shaded
checklist items need not be performed if at least one pilot remains on board during turnaround.”
6
In addition, following the Spanair accident, the FAA Aircraft Certification Office in Long Beach, California,
conducted a simulator exercise based on the preliminary findings of the MAP Jet incident in Spain. The results with
regard to the TOWS were the same as they had been during the NTSB ground tests.
7
The MD-88 is not identical to the MD-82, but the system architecture is similar enough to replicate the
TOWS-related events on the MD-82.
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findings were observed. First, with only the RAT-probe-heater circuit breaker open, the TOWS
operated normally and provided a takeoff configuration warning. Second, with the R2-5
left-ground-sensing control relay circuit breaker open, no TOWS warning was annunciated
during the test. Third, when the R2-5 relay wiring was disconnected from the power source, the
TOWS did not annunciate a warning during the test.
When the R2-5 relay was disconnected from its power source, the relay’s condition and
the status of the TOWS were not apparent to observers, even though investigators noted several
non-normal indicators, such as a significant rise in the RAT, indicating that the RAT probe heater
was active. Although these observations indicated an atypical situation, they, even in total, would
not have presented a flight crew with a clear indication that the R2-5 relay was not functioning
and that the TOWS was disabled.
This condition may reflect what occurred in the August 2008 accident: the flight crew and
maintenance personnel who performed troubleshooting on the airplane after it returned for
maintenance did not associate the excessive RAT values with a possible faulty R2-5 relay and did
not realize that, if the R2-5 relay was not functioning, the TOWS could be disabled.
A working TOWS greatly affects safety because it alerts pilots to configuration errors that
can lead to deadly accidents, and such errors are not uncommon. Since 1968, takeoff
configuration errors have figured in 49 accidents worldwide resulting in 392 fatalities. Numerous
pilot reports to systems such as the National Aeronautics and Space Administration (NASA)
Aviation Safety Reporting System indicate that even highly experienced airline pilots, with
unblemished safety records, can fail to properly set and verify takeoff configuration, especially
when their normal procedures have been interrupted. Yet, the TOWS on DC-9 series airplanes
can be disabled by a single failure, the loss of the R2-5 relay.
Although the TOWS for the DC-9 series airplane was designed as a nonessential system,
an unannunciated loss of the TOWS could result in a critical risk to the flight. Because the
certification standards for TOWS systems permit such a design, other airplane models might also
possess, now or in the future, similar vulnerabilities. Therefore, the NTSB recommends that the
FAA modify 14 Code of Federal Regulations (CFR) Part 25 to include a certification standard
that will ensure either that 1) the TOWS cannot be disabled by a single failure or 2) if the system
fails or has power removed while the airplane is operating on the ground, a discrete and clear
annunciation of the loss of TOWS protection is provided to flight crews.
Human Factors and Certification
Because takeoff configuration tasks are subject to human/airplane interaction errors, the
mitigation of those errors should be a part of the evaluation of aircraft for certification. The
NTSB has addressed the issue of human/airplane interaction and certification in the past. In a
recent study of the certification process, for example, the NTSB issued Safety Recommendation
A-06-37, which asked the FAA to amend the advisory materials associated with 14 CFR 25.1309
to include consideration of structural failures and human/airplane system interaction failures in
the assessment of safety-critical systems. 8 The recommendation is classified “Open—Acceptable
8

See Safety Report on the Treatment of Safety-Critical Systems in Transport Airplanes, Safety Report
NTSB/SR-06/02 (Washington, DC: NTSB, 2006).
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Response” because the FAA indicated that it is incorporating more standardized consideration of
human factors into new certification projects and that it plans to develop new regulations and
advisory material, amend existing regulations and advisory material, and develop a formal
human factors design guide.
The NTSB notes that takeoff configuration is safety critical and, thus, falls under the
purview of Safety Recommendation A-06-37. The NTSB concludes that although the FAA’s
revisions to 14 CFR 25.1309 may address takeoff configuration errors, the criticality of the
takeoff configuration makes it imperative that aircraft design be robust enough to minimize such
human errors. Further, takeoff configuration errors involve failures of omission that may be
difficult to predict at the time of initial certification. Therefore, the NTSB recommends that the
FAA assess the history of pilot errors related to takeoff configuration and identify needed
mitigating design elements; the FAA should require inclusion of such design elements when
determining current and future aircraft certifications.
Takeoff Checklists and Operational Procedures
Checklists are a critical component of standardization and safe airplane operations.
Effective checklist procedures and compliance are especially important during takeoff because
failure to set flaps and slats can have fatal consequences and there are no obvious external cues
in aircraft behavior to warn pilots that the flaps and slats are not set.
Human performance researchers have developed valuable guidance for effective checklist
construction. 9 For example, Degani and Wiener proposed that checklists should have the
following characteristics:
•

Checklist responses should specify the desired status or the value of the item being
considered, not just “checked” or “set.”

•

The most critical items on the checklist should be listed as close as possible to the
beginning of the checklist, in order to increase the likelihood of completing the item
before interruptions may occur.

•

The completion call of a checklist should be written as the last item on the checklist,
allowing all crewmembers to transition from the checklist to other activities, assured
that the task-checklist has been completed.10

This guidance is reflected in the manufacturer’s MD-80 checklist procedures and has
been widely but not universally adopted by operators. For example, the Spanair After Start
9

On June 27, 1988, the NTSB issued Safety Recommendation A-88-68 to the FAA to “Convene a human
performance research group of personnel from [NASA], industry, and pilot groups to determine if there is any type
or method of presenting a checklist which produces better performance on the part of user personnel.” The
envisioned research group was not convened and this recommendation, on September 10, 1991, was classified
“Closed—Unacceptable Action.” However, the recommendation influenced research studies by NASA and the Volpe
National Transportation Systems Center on checklist issues that the NTSB noted could serve as the foundation for a
comprehensive human factors examination and evaluation by experts.
10
See A. Degani and E. L. Wiener, “Cockpit Checklists: Concerts, Design, and Use,” Human Factors, vol. 35,
no. 2 (1993), pp. 28-43.
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checklist used at the time of the accident was inconsistent with these principles. The “Flaps and
Slats” item required a response of “set and checked” rather than a more informative response like
“5° selected and indicated.” Moreover, the item, although critical, was the ninth and last item on
the checklist, and the checklist did not include a completion call item. In the Spanair accident,
the last item of the After Start checklist was skipped because the captain asked the first officer to
request taxi.
Recent research based on airline observations, event reports by pilots, and accident
histories, has focused on the nature of flight crew task omissions in airline operations, such as the
failure to set takeoff configuration. Researchers note that the pretakeoff phase of flight, when the
configuration is set and verified, is often replete with interruptions, distractions, and unexpected
task demands that can negatively affect the efficacy of even the best-designed checklists.
Inadvertent omissions, when pilots forget to perform an intended task, typically occur when
operational procedures are interrupted, not executed in their normal, practiced sequence, or
pressured by unanticipated new task demands or concurrent task demands. 11 The Spanair flight
was subject to such interruptions and demands because the high RAT forced the pilots to delay
departure and travel to the parking stand.
Researchers and expert pilots have proposed numerous mitigation strategies based on
laboratory experimentation and observations of operational environments. 12 Mitigations include
pilot training on how to manage interruptions, procedures to redistribute workload away from the
taxi period, a predeparture configuration check that could include partially advancing throttles,
and a periodic companywide updating of standard procedures based on pilot incident reporting.
Further, some current generation aircraft employ computer procedures to effectively support
pilots in preventing takeoff configuration errors. These procedures include displayed electronic
checklists in which items remain active until the computer confirms that the appropriate actions
have been accomplished, regardless of delays caused by interruptions, and a predeparture
configuration check during which the computer simulates advancing power.
The NTSB has long recognized the importance of examining operational procedures in
addressing takeoff configuration errors 13 and is encouraged by the recent efforts to develop
guidance and mitigation strategies. The NTSB concludes that there would be safety benefits from
better dissemination and industry consideration of best practices related to checklist design,
training, and procedures. Therefore, the NTSB recommends that the FAA convene a meeting of
industry, research, and government authorities, including international representatives, to
11
L.D. Loukopoulos, R.K. Dismukes, and I. Barshi, The Multitasking Myth: Handling Complexity in
Real-World Operations, (Burlington, Vermont: Ashgate, 2009).
12
(a) L.D. Loukopoulos, R.K. Dismukes, and I. Barshi, 2009; (b) A. Dean and S. Pruchnicki, “Deadly
Omissions,” AeroSafety World, December (2008), pp. 10-16; R.L. Sumwalt III, R.J. Thomas, and R.K. Dismukes,
“Enhancing flight-crew monitoring skills can increase flight safety,” in Proceedings of the 55th International Air
Safety Seminar, Dublin, Ireland, November 4 – 7 (Flight Safety Foundation, 2002), pp. 175-206; and (c) R.K.
Dismukes and B. Berman, Checklists, Monitoring, and Multitasking in Cockpit Operations, (Moffett Field,
California: NASA, Ames Research Center, in preparation).
13
For example, see Delta Air Lines, Inc., Boeing 727-232, N473DA, Dallas-Fort Worth International Airport,
Texas, August 31, 1988, Aircraft Accident Report NTSB/AAR-89/04 (Washington, DC: NTSB, 1989). This report
describes the investigation of an accident in which an airplane crashed shortly after liftoff, in part, because the
airplane was not properly configured for takeoff.
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develop guidance on industry best practices in operational areas (including checklist design,
training, and procedures) that relate to flight crews properly configuring airplanes for takeoff and
landing. 14 Further, the NTSB recommends that the FAA require operators to modify their takeoff
and landing checklists to reflect the best practices identified as a result of the meeting
recommended in Safety Recommendation A-09-70.
Therefore, the National Transportation Safety Board recommends that the Federal
Aviation Administration:
Require that operators of Boeing DC-9 series, MD-80 series, MD-90 series, and
B-717 airplanes include items in their preflight checklists to verify that a check of
the takeoff warning system is accomplished before every flight. (A-09-67)
Modify 14 Code of Federal Regulations Part 25 to include a certification standard
that will ensure either that 1) the takeoff warning system (TOWS) cannot be
disabled by a single failure or 2) if the system fails or has power removed while
the airplane is operating on the ground, a discrete and clear annunciation of the
loss of TOWS protection is provided to flight crews. (A-09-68)
Assess the history of pilot errors related to takeoff configuration and identify
needed mitigating design elements; require inclusion of such design elements
when determining current and future aircraft certifications. (A-09-69)
Convene a meeting of industry, research, and government authorities, including
international representatives, to develop guidance on industry best practices in
operational areas (including checklist design, training, and procedures) that relate
to flight crews properly configuring airplanes for takeoff and landing. (A-09-70)
Require operators to modify their takeoff and landing checklists to reflect the best
practices identified as a result of the meeting recommended in Safety
Recommendation A-09-70. (A-09-71)
In response to the recommendations in this letter, please refer to Safety
Recommendations A-09-67 through -71. If you would like to submit your response electronically
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Past meetings of this type have helped to create industry- and government-wide consensus about checklist
improvements. Meetings of the 2004 Cockpit Smoke/Fire/Fumes Taskforce, for example, led to the development of
an internationally approved template for checklists dealing with in-flight fire. The template was the basis for
Information for Operators 08034 and the closing of an NTSB recommendation. For more information, see In-Flight
Cargo Fire, United Parcel Service Company Flight 1307, McDonnell Douglas DC-8-71F, N748UP, Philadelphia,
Pennsylvania, February 7, 2007, Aircraft Accident Report NTSB/AAR-07/07 (Washington, DC: NTSB, 2007).

8
rather than in hard copy, you may send it to the following e-mail address:
correspondence@ntsb.gov. If your response includes attachments that exceed 5 megabytes,
please e-mail us asking for instructions on how to use our secure mailbox. To avoid confusion,
please use only one method of submission (that is, do not submit both an electronic copy and a
hard copy of the same response letter).
Chairman HERSMAN, Vice Chairman ROSENKER, and Members HIGGINS and
SUMWALT concurred in these recommendations.

[Original Signed]
By: Deborah A.P. Hersman
Chairman

