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EXECUTIVE SUMMARY 

The Federal Aviation Administration (FAA) William J. Hughes Technical Center is conducting a 
series of video landing parameter surveys at high-activity commercial airports.  The intent of this 
research is to develop a better understanding of typical landing contact conditions for a wide 
variety of aircraft.  This information is used to assess the validity of current aircraft certification 
criteria.  This report documents survey results for commuter aircraft. 
 
This report documents the commuter results from surveys conducted at London City Airport 
(LCY), Philadelphia International Airport (PHL), and Atlantic City International Airport (ACY).  
The LCY survey was performed in the summer of 1997 and the PHL survey in the summer of 
1999.  Additional data collected at the FAA ACY facility is also included in this report.  
Previous survey reports, focused on mainline jet operation, were issued for surveys conducted at 
John F. Kennedy International Airport (JFK) in June 1994, at Washington National Airport 
(DCA) in June 1995, and at Honolulu International Airport (HNL) in April 1996.  Landing 
parameters presented herein include sink rate; approach speed; touchdown pitch, roll, and yaw 
angles and rates; off-center distance; and the touchdown distance from runway threshold.  Wind 
and weather conditions were also recorded.  All the data were processed and presented without 
regard to the airline or flight number. 
 
The results from this survey and the prior landing parameter surveys at JFK, DCA, and HNL 
differ substantially from aircraft survey results reported 35 years ago during the National 
Aeronautics and Space Administration (NASA) surveys.  No other efforts to collect operational 
landing data were performed by either the FAA or NASA in the interim.   
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1.  INTRODUCTION. 

The Federal Aviation Administration (FAA) William J. Hughes Technical Center has initiated a 
series of aircraft video landing parameter surveys at high-activity commercial airports.  The 
purpose of this research was to better understand and document commercial transport aircraft 
landing impact conditions during actual operations.  By collecting and analyzing large quantities 
of video data for a wide variety of aircraft, the original design criteria and fatigue-life estimates 
for aircraft landing gear and support structures can be assessed and verified.  This operational 
data collection is also a valuable resource in developing design requirements for future transport 
aircraft. 
 
The use of image data to characterize the landing performance of aircraft has been used since jet 
aircraft were introduced.  In the late 1950, the U.S. Navy developed a system to characterize the 
typical aircraft carrier landing environment, which led to the development and implementation of 
procedures to make carrier-arrested landings safer.  In 1967, the U.S. Navy enhanced its data 
acquisition system by replacing the original 16-mm film cameras with 70-mm film cameras.  
This provided considerably greater image resolution and consequently greater measurement 
accuracy [1].  Using these systems, the U.S. Navy conducted over 40 landing parameter surveys 
and still has an active carrier landing survey program.  However, the data reduction phase of the 
research was labor-intensive and limited the number of surveys that could be conducted with 
available resources.  The search for a new, improved system was concluded in 1992 when the 
U.S. Navy successfully developed and implemented a system using adaptive video imaging and 
tracking technology for their surveys.  The performance and accuracy of this system is 
documented in references 2 and 3.  Shortly thereafter, the FAA and the U.S. Navy established an 
interagency agreement to transition this newly developed video technology to characterize 
commercial operations.  The procedures used to analyze commercial landings are documented in 
reference 4. 
 
The objectives of the ongoing FAA landing parameter survey program were to acquire large 
amounts of typical transport operational data to (1) validate and update NASA TN D 4529, 
which was derived from usage data measured during the 1950; (2) provide detailed 
characterization of typical transport airplane landing touchdown velocities and angular 
displacements; and (3) determine if there is a trend towards higher sink rates for aircraft of 
higher gross weights. 
 
The first of this series of commercial aircraft video landing surveys was conducted in 1994 at 
John F. Kennedy International Airport (JFK), runway 13L.  The primary goal of the JFK survey 
was to confirm the feasibility of using the video system in commercial operation.  The other goal 
of the JFK survey was to collect large quantities of wide-body jet aircraft data. Analysis of the 
data from JFK indicated the existence of a possible trend of increasing sink speed with 
increasing aircraft landing weight.   
 
The second survey, performed in 1995 at Washington National Airport (DCA), collected landing 
parameters for flight operations using a shorter runway.  The principle runway (runway 36) at 
DCA is 7000 ft long and cannot handle aircraft larger than the Airbus A320 and the Boeing 757.  
The third landing survey was conducted in 1996 at Honolulu International (HNL), runway 8L.  
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This survey, like the one done at JFK, collected a large number of wide-body aircraft landings 
for further video analysis.  An additional survey, which targeted the collection of landing 
parameters from Airbus wide-body aircraft, was performed at London’s Heathrow Airport in the 
summer of 2001. 
 
Other surveys in this research program were conducted at London City Airport (LCY) and 
Philadelphia International Airport (PHL).  These surveys were performed in an effort to collect 
landing data on runways more representative of commuter operations.  A limited quantity of 
commuter data was collected during the initial series of airport surveys, but these small data 
samples on longer runways are not considered representative of typical commuter operations. 
LCY with its glide slope of 5.5° is considered an upper bound on the severity of these 
operations.  The LCY survey was performed over a 2-week period in late June into early July 
1997.  In this survey both ends of the single 3800-foot-long runway (10/28) were used to acquire 
video image data.  Data on more routine operations were collected at PHL from runway 17, 
which is a 5500-ft runway used primarily for commuter operations.  The PHL survey was 
performed in July 1999.  Additional commuter aircraft landing data were collected using the 
permanent video landing data collection facility at the Atlantic City International Airport (ACY).  
This facility records data on runway 13, a 10,000-ft runway and the only instrument landing 
system (ILS)-equipped runway at ACY.  The ACY data, primarily Beech 1900 aircraft, was 
compared to the Beech 1900 aircraft recorded at PHL.  Data were collected at ACY through the 
spring and summer of 2003. 
 
Video images of aircraft landing at LCY were recorded by a series of three cameras temporarily 
installed on the edge of both ends of the runway.  Four cameras were used to record the landings 
at PHL.  Similarly, four cameras were used at ACY.  These video images were stored on an 
optical disk recorder, processed, and analyzed at the Naval Air Warfare Center, and then the 
resulting landing parameter information was forwarded to the FAA William J. Hughes Technical 
Center.   
 
Since the primary goal of these surveys was to collect statistical information on actual 
operations, the identity of individual aircraft, airlines, flight numbers, and dates were 
purposefully omitted from this report.  Aircraft landing performance was analyzed only on the 
basis of aircraft category, model, type, and wind conditions. 
 
2.  SYSTEM DESCRIPTION. 

Modern developments in image technology permitted the U.S. Navy to update its landing 
parameter analysis system from photographic film to video recording.  The Navy video system is 
known as the Naval Aircraft Approach and Landing Data Acquisition System (NAALDAS).  
The data acquisition portion of the system consists of a high-resolution frame grab video camera, 
a laser disk recorder, and a computer control unit.  The key to the NAALDAS system is a highly 
modified video camera.  The camera’s enhanced vertical resolution (double that of standard 
video formats) permits highly accurate measurement and tracking of aircraft position data.  The 
camera is supported by an image analysis system incorporates image processing technology.  
Particular image features (landing gear wheels, wing tips, flaps, or engine inlets) are tracked in 
successive images, and this information is used to determine the relative motion of the aircraft.  
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The combination of camera resolution and image processing technology permits the location of 
image features to be determined within 0.1 pixel.  This technique is as accurate, yet more 
efficient, as the U.S. Navy’s previously used 70-mm film system. 

NAALDAS was designed to cover the restricted touchdown area on an aircraft carrier using a 
single camera.  To support research on commercial aircraft operations, the FAA funded the 
design and development of a modified, multiple-camera configuration of NAALDAS using a 
series of video cameras.  The cameras are located along the edge of the runway, each covering a 
different overlapping segment of the expected touchdown area. The images from these cameras 
are recorded sequentially as the aircraft passes through their field of view.  This modification 
permits the system to cover approximately 2000 ft along the anticipated touchdown region of the 
runway.  Fiber-optic signal cables are used to eliminate interference and line losses between the 
cameras and the recording station.  The modified configuration of NAALDAS was successfully 
tested in February 1994 at the William J. Hughes Technical Center.  Figure 1 shows a camera in 
operation on a commercial runway. 
 

 
 

FIGURE 1.  VIDEO CAMERA IN OPERATION DURING COMMERCIAL LANDING 
PARAMETER SURVEY 

 
At PHL four cameras were used to monitor the anticipated touchdown area.  Only one end of the 
runway was instrumented.  The video cameras were installed on the edge of the runway, facing 
toward the approaching aircraft.  The cameras were placed near the runway edge lights.  The first 
PHL camera was located 1000 feet from the threshold, and from that point, the cameras were 
spaced 400 feet apart.  The cameras were aimed at the center of the targeted touchdown area.  
Figure 2 shows a schematic of the multiple-camera configurations.  

The LCY airport survey used six cameras and recorded landings on both ends of the runway.  
LCY has a 3800-ft runway, and the aircraft followed a 5.5° glide slope to touchdown.  These 
characteristics shorten the expected landing area, thus requiring only three cameras at each end 
of the runway.  The cameras at LCY were located approximately 300 feet apart, starting 697 feet 
from the end of the runway and usually located in line with the runway edge lights.  At LCY, the 
cameras were located approximately 53 ft off the runway centerline. 
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FIGURE 2.  FEDERAL AVIATION ADMINISTRATION LANDING LOADS 
CAMERA SETUP 

 
The NAALDAS video cameras have a fixed field of view.  Each camera was aligned and 
calibrated against targets that were temporarily placed on the runway.  The runway must be 
closed during this procedure.  These targets were placed in surveyed locations and in the corners 
of the camera’s field of view.  The target images were recorded as a calibration sequence.  This 
sequence was processed to generate a transformation matrix that relates image features to 
positions on the runway. 
 
The aircraft image was captured on an optical laser disk recorder for subsequent analysis on the 
NAALDAS analysis system workstation.  Approximately 60 landings can be stored on a video 
disk.  An identity number was assigned to the disk, and event numbers were assigned to each 
video sequence.  The use of video disks eliminated film-processing costs and time.  The image 
data were recorded at a rate of 30 frames per second. 
 
Image enhancement and automatic data point tracking were performed using the analysis 
workstation.  This provided position time information of image features on the aircraft.  Each 
individual airplane landing was also identified by model type and serial number so that the 
necessary physical dimensions and geometric locations could be correlated with the time-tracked 
video images.  The software data reduction system then derived the landing impact parameters, 
i.e., sinking speed, horizontal velocity, bank angle, yaw angle, etc. 
 
The analysis work station consists of a Sun computer workstation with an image-processing 
board, laser disk player, computer monitor, high-resolution monitor, and associated power 
regulator and cables.  The station operator automatically tracks the video image features during 
the landing sequence.  Once the image sequence is tracked, the pixel information is transformed, 
digitized, and entered into the landing parameter analysis software.  This software takes image 
position information, determines the change in image feature position of successive frames, and 
generates position time curves for the feature.  

 4



The analysis of the image data provides the aircraft’s closure speed with respect to the camera.  
The reported value of approach speed is the sum of the closure speed and the component of the 
wing parallel to the centerline of the runway.  The wind speed and direction information, 
measured using an anemometer situated near the touchdown location, is used to calculate the 
approach speed. 
 
3.  DISCUSSION. 

Each of the airports surveyed and reported herein (LCY, PHL, and ACY) have their own 
constraints and unique operating procedures.  The following discussion provides both a flavor of 
the typical operational characteristics as well as the video landing survey results. 
 
3.1  LONDON CITY AIRPORT. 

3.1.1  London City Airport Operations. 

LCY is located approximately 6 miles east of the center of London, the United Kingdom.  The 
airport is located in the docklands, on the north side of the Thames river, near the Thames 
barrier.  The airport, which has a single runway and no taxiways, is situated on the King George 
V dock.  The primary activity at the airport is short takeoff and landing commuter operations.  
The airport connects London with the principle cities in continental Europe, Scotland, and 
Ireland.   
 
LCY was originally built to accommodate short takeoff and landing aircraft such as the 
De Havilland Canada DASH 7.  The runway at LCY was later extended, allowing the airport to 
serve more distant destinations with a broader range of aircraft.  The runway is still only around 
3800 feet in length and because of the surrounding area only aircraft certified to perform 
approaches at a 5.5° glide path are permitted to land there.  There are also special training 
requirements for the pilots operating into LCY.  This nonstandard glide path was one of the 
reasons LCY was chosen for a video landing parameter survey.  It was viewed as representing an 
extreme operating condition for this category of aircraft.  Figure 3 shows a diagram of LCY. 
 
The data collected and analyzed will also be extremely useful in providing operational usage 
information for an anticipated joint FAA/Civil Aviation Authority (CAA) regulatory publication 
on performance for aircraft landing on airports requiring steep approaches.  Results from this 
survey should help researchers fill gaps in the CAA and British Aerospace (BAE) technical 
database. 
 
Video landing survey data acquisition equipment was installed on the north side of runway 10/28 
at LCY in 1997.  Three cameras were installed at each end of the runway and the data 
acquisition system was installed in an underground equipment facility located along the north 
side of the runway near the center point of the runways length.  Because of this short runway, the 
centrally located facility allowed data to be collected from either set of cameras without moving 
the data acquisition system to accommodate changes in runway operational direction. 
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FIGURE 3.  LONDON CITY AIRPORT DIAGRAM 
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Video images from a total of 254 landings at LCY were processed.  A total of 144 BAe 146 
landings were analyzed, along with 72 Fokker F-50, 23 DeHavilland Canada DHC-8, and 15 
landings of other types of aircraft.  Because of the unusually rainy weather during the survey, 
many additional video image recordings were of poor quality and could not be successfully 
processed. 
 
3.1.2  London City Airport Survey Results. 

Landing parameters for 254 commuter transport aircraft landings were calculated using the 
procedures described in references 1 and 4.  Table 1 summarizes the primary landing parameters 
for the six commuter airplane models covered in this survey.  The table provides the mean and 
standard deviation and the number of observations for selected landing parameters by aircraft 
model.  Figures 4 shows a scatter plot of the relationship between the aircrafts approach speed 
and sink speed for the most numerous models of surveyed aircraft.  As expected, the aircraft with 
the lowest approach speed had the lowest sink speeds, and the model with the highest approach 
speed had the highest sink speed. 
 

TABLE 1.  SURVEY PARAMETER COMPARISON BY AIRCRAFT MODEL, LCY 

Aircraft Model 

Parameters  
Saab 
2000 

DeHavilland 
Canada 
DHC-8 

Dornier 
328 

Fokker 
50 Falcon 

BAe 
146 

No. of events  5 23 5 72 5 143 
Mean 116 104 105 93 99 109 Closure speed 

(knots) Std. Dev. 7.14 8.51 19.04 7.68 14.05 10.42 
Mean 117 106 108 95 101 111 Approach speed 

(knots) Std. Dev. 6.56 8.85 20.53 7.25 14.75 10.58 
Mean 4.1 2.8 2.4 2.3 2.3 3.4 Sink speed 

(ft/sec) Std. Dev. 3.12 2.03 1.21 1.45 1.15 1.83 
Mean 2.2 6.2 2.9 2.5 6.2 3.2 Pitch angle 

(degrees) Std. Dev. 1.79 1.36 2.27 3.72 2.26 1.84 
Mean -1.6 -0.8 -1.9 -1.1 -1 -1.5 Roll angle 

(degrees) Std. Dev. 2.08 2.42 2.41 2.08 2.69 2.46 
Mean 1.6 -3.0 -0.8 -2.5 -4.3 -2.9 Yaw angle 

(degrees) Std. Dev. 8.4 4.73 1.89 4.97 7.43 5.15 
Mean -4.1 -1.7 -1.4 -1.9 0.4 -0.8 Runway off-

center dist. (ft) Std. Dev. 3.51 3.34 1.6 4.4 7.96 4.44 
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FIGURE 4.  LONDON CITY SURVEY SINK SPEED VS APPROACH SPEED BY 

AIRCRAFT MODEL 
 
Figure 5 presents a box-and-whisker plot of the three most recorded aircraft models at LCY: 
DeHavilland Canada DHC-8, Fokker 50, and the BAe 146.  Box-and-whisker plots are a 
nonparametric tool for making quick visual comparisons showing the location and dispersion 
among multiple independent data sets, (see appendix A).  The labels that are found on the plot 
correspond to the minimum of the data series, the maximum, the median, the 25th percentile, and 
the 75th percentile.  The label “lower” refers to the lower quartile (25th percentile) and the label 
“upper” refers to the upper quartile (75th percentile).  The median is the 50th percentile and the 
min and max labels represent the minimum and maximum values of the data series.  The box is 
made up of the 25th, 50th, and 75th percentiles, and the whiskers extend from the box to the 
maximum and minimum values.   
 

 
FIGURE 5.  BOX-AND-WHISKER PLOT, LCY SINK RATE 
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More detailed statistical summaries for individual model types are provided in tables 2 through 
4.  The values of landing parameters determined for individual landings, sorted by airplane 
model type, are provided in appendix B.  Landing parameter survey definitions in appendix C 
provide an explanation of the symbols and definition of the parameters used. 
 

TABLE 2.  STATISTICAL SUMMARY—DEHAVILLAND CANADA DHC-8, LCY 

Parameters 
Mean 
Value

Standard 
Deviation 

Measurement 
Units 

Number 
of 

Landings 
2.7 2.16 Ft/sec 23 Sink Speed Port wheel 

 Starboard wheel 2.7 1.88 Ft/sec 23 
Average of main wheels 2.8 2.04 Ft/sec 23 
Closure speed (measured to camera) 104 8.51 Knots 23 
Approach speed 106 8.85 Knots 23 

2.4 3.5 Knots 23 Wind speed Head wind 
 Crosswind (absolute value) 5.3 3.45 Knots 23 
Pitch angle at touchdown 6.2 1.36 Degrees 23 
Roll angle at touchdown -0.8 2.42 Degrees 23 
Yaw angle at touchdown -3.0 4.73 Degrees 23 
Distance from touchdown to runway threshold 626 134 Feet 23 
Off-center distance at touchdown -1.7 3.34 Feet 23 

 
TABLE 3.  STATISTICAL SUMMARY—FOKKER 50 

Parameters 
Mean 
Value 

Standard 
Deviation 

Measurement 
Units 

Number 
of 

Landings 
2.3 1.56 Ft/sec 72 Sink Speed Port wheel 

 Starboard wheel 2.2 1.39 Ft/sec 72 
Average of main wheels 2.3 1.45 Ft/sec 72 
Closure speed (measured to camera) 93 7.68 Knots 72 
Approach speed 95 7.25 Knots 72 

2.0 4.09 Knots 72 Wind speed Head wind 
  Crosswind (absolute value)  5.4 3.68 Knots 72 
Pitch angle at touchdown 2.5 3.72 Degrees 72 
Roll angle at touchdown -1.1 2.08 Degrees 72 
Yaw angle at touchdown -2.5 4.97 Degrees 72 
Distance from touchdown to runway threshold 619 178.22 Feet 72 
Off-center distance at touchdown -1.9 4.4 Feet 72 
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TABLE 4.  STATISTICAL SUMMARY—BAe 146 

Parameters 
Mean 
Value 

Standard 
Deviation

Measurement 
Units 

Number 
of 

Landings
3.4 1.94 Ft/sec 143 Sink Speed Port wheel 

 Starboard wheel 3.2 1.81 Ft/sec 143 
Average of main wheels 3.4 1.83 Ft/sec 143 
Closure speed (measured to camera) 109 10.42 Knots 143 
Approach speed 111 10.58 Knots 143 

2.5 3.89 Knots 143 Wind speed Head wind 
  Crosswind (absolute value)  5.5 3.90 Knots 143 
Pitch angle at touchdown 3.2 1.84 Degrees 143 
Roll angle at touchdown -1.5 2.46 Degrees 143 
Yaw angle at touchdown -2.9 5.15 Degrees 143 
Distance from touchdown to runway threshold 531 190 Feet 143 
Off-center distance at touchdown -0.8 4.44 Feet 143 

 
Figures 6, 7, and 8 contain sink speed distributions for the DeHavilland Canada DHC-8, 
Fokker 50, and BAe 146 airplanes, respectively.  These distributions vary somewhat in shape, 
but all three are positively skewed. 
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FIGURE 6.  DEHAVILLAND CANADA DHC-8 SINK SPEED HISTOGRAM, 
LCY SURVEY 
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FIGURE 7.  FOKKER 50 SINK SPEED HISTOGRAM, LCY SURVEY 
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FIGURE 8.  BAe 146 SINK SPEED HISTOGRAM, LCY SURVEY 

 
The six aircraft models for which landings were analyzed in this survey had sink rates varying 
from 2.21 fps to 4.07 fps.  Given the small sample sizes for the Saab 2000, Falcon Jet, and 
Dornier 328, more detailed analysis of these models was not pursued.  The data for the 
individual landings of these three aircraft models are provided in appendix B.  The aircraft with 
the high sink rates also had the higher closure speeds and were also the heavier of the commuter 
aircraft.  In figure 9, the sink speed versus approach speed for all airplane models observed are 
plotted showing the trend between increased speed of approach and the result of increasing sink 
speed.  For the same airplane model, higher approach velocities should translate into higher sink 
speed. 
 
As listed in table B-6 in appendix B, landing event 333 indicates a 160.9-knot approach speed.  
This value was recorded under unusual circumstances.  The aircraft did touchdown momentarily 
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on the runway, allowing the collection of video images.  The pilot then executed a missed 
approach procedure and made another attempt to land the aircraft.  Given these unusual 
conditions, this event was excluded from the data summaries.   
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FIGURE 9.  SINK SPEED VS APPROACH SPEED, LCY 

 
Figure 10 shows a plot of sink speed versus touchdown distance from the runway threshold.  The 
straight line (statistical trend line) indicates that the sink speed of the touchdown, occurring near 
the 300-foot threshold marks, are approximately twice those of the landings where touchdown 
was near the 800-foot mark.  One observation that influenced this was the number of landings 
performed in crosswind conditions.  Numerous landings were performed with the aircraft yawed 
to accommodate the crosswind, thus limiting the pilots opportunity to “flare” the aircraft prior to 
touchdown.  Flared landings have lower sink rates, and the touchdown points are further from 
the runway threshold. 
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FIGURE 10.  SINK SPEED VS DISTANCE FROM THRESHOLD, LCY 
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Figure 11 shows a plot of approach speed versus pitch angle, showing no correlation between 
these two parameters.   
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FIGURE 11.  TOUCHDOWN PITCH ANGLE VS APPROACH SPEED, LCY 

 
3.2  PHILADELPHIA INTERNATIONAL AIRPORT. 

3.2.1  Philadelphia International Airport Operations. 

Video images were recorded on the east side of runway 17 at PHL.  For the most part, 
commercial jet operations are restricted to runways 9L-27R and 9R-27L.  Runway 17 intersects 
with runway 9L-27R at the southern end of runway 17, see figure 12.  At the time of the survey, 
runway 17/35 was the shortest runway at PHL, and the dominant runway used for commuter and 
general aviation flights in and out of the airport.  The runway was constructed using asphalt and 
is grooved.  Runway 17/35 is 5459 feet in length and 150 feet in width.  The glide path angle 
into this runway is 3°.  This survey was conducted prior to the opening of a new commuter 
runway (8/26), which was being constructed, and is shown in figure 12. 
 
The PHL survey, like the survey done at LCY, was conducted to obtain a large quantity of 
commuter aircraft (Saab 340, Beech 1900D, BAe Jetstream 41, and DeHavilland Canada 
DHC-8) landings.  The goal of the survey was to record 400 commuter landings.  In a given day, 
about 105 commuters land at PHL.  However, during the survey period from July 12-23, 1999, 
only 262 commuter airplane landings were recorded.  Of the 262 landings recorded, 215 were 
analyzed.  The quality of the others were too poor to analyze. 
 
The camera location at PHL was monitoring aircraft landings from the north, onto runway 35, 
which is a 5449-ft-long runway.  Runway 9L-27R crosses the southern end of runway 35 and 
during operations the pilots appeared to favor exiting the runway at taxiway K, see figure 12.  It 
is operationally beneficial to turn off runway 35 at taxiway K to avoid the need to taxi back 
across an active runway on the way to the passenger terminals.  This effectively shortens the 
runway length typically used for runway 17 landings.  Review of the ramp to touchdown 
distance for Beech 1900 aircraft shows that the landings at PHL occur closer to the runway 
threshold than those at ACY. 
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FIGURE 12.  PHILADELPHIA INTERNATIONAL AIRPORT DIAGRAM 
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3.2.2  Philadelphia International Airport Survey Results. 

Landing parameters for 215 commuter transport aircraft landings were calculated using the 
procedures described in references 1 and 4.  Table 5 summarizes the primary landing parameters 
for most of the commuter airplane models covered in this survey.  The table provides the mean 
and standard deviation and the number of observations for selected landing parameters by 
aircraft model.  In addition to table 5, figure 13 is another box-and-whisker plot for each of the 
four commuter types analyzed at PHL, providing an easy look at the respective aircraft model 
sink speed data. 
 

TABLE 5.  SURVEY PARAMETER COMPARISON BY AIRCRAFT MODEL, PHL 

Aircraft Model 

Parameters  
Saab 
340 

Beech 
1900D 

BAe  
Jetstream 41 

DeHavilland 
Canada DHC-8 

No. of Events  16 62 10 127 
Mean 106 101 105 92 Closure speed 

(knots) Std. Dev. 6.06 7.18 4.22 7.3 
Mean 109 104 107 96 Approach speed 

(knots) Std. Dev. 5.36 6.21 3.78 7.1 
Mean 1.7 1.3 2.1 1.8 Sink speed 

(ft/sec) Std. Dev. 0.99 0.67 0.91 1.0 
Mean 3.5 3.4 2.9 4.8 Pitch angle 

(degrees) Std. Dev. 1.24 1.28 0.64 1.19 
Mean 0.5 0.3 1.1 0.8 Roll angle 

(degrees) Std. Dev. 1.47 1.93 1.47 1.47 
Mean -0.5 0.3 2.1 0.4 Yaw angle 

(degrees) Std. Dev. 2.19 1.77 1.76 1.31 
Mean 1.4 -0.5 -0.3 0.9 Runway off-

center dist. (feet) Std. Dev. 2.97 2.57 2.90 2.96 
 

More detailed statistical summaries for individual model types are provided in tables 6 through 
8.  The values of landing parameters determined for individual landings, sorted by airplane 
model type, are provided in appendix B.  Landing parameter survey definitions in appendix C 
provide an explanation of the symbols and parameters used. 
 
Figures 14, 15, and 16 contain sink speed distributions for the Saab 340, Beech 1900D, and 
DeHavilland Canada DHC-8 airplanes, respectively.  These distributions vary somewhat in 
shape, but all three are positively skewed.   
 
The mean values for the sink speed of the main landing gear for the aircraft in the PHL survey 
are consistently lower than those found in earlier surveys of both wide- and narrow-body aircraft 
and significantly lower than the LCY results for the same type of aircraft. 
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FIGURE 13.  BOX-AND-WHISKER PLOT, PHL SINK SPEED 
 
The four aircraft models for which landings were analyzed in this survey had sink rates varying 
from 1.32 fps to 2.1 fps.  The aircraft (BAe Jetstream 41) with the highest sink rates also had one 
of the higher closure speeds.  Given the small sample sizes for the BAe Jetstream 41, more 
detailed analysis of this models was not pursued.  The data for the individual landings of the 
BAe Jetstream 41 are provided in appendix B. 
 

TABLE 6.  STATISTICAL SUMMARY—SAAB 340, PHL 

Parameters 
Mean 
Value 

Standard 
Deviation 

Measurement 
Units 

Number of 
Landings 

1.7 0.73 Ft/sec 16 Sink Speed Port wheel 
 Starboard wheel 1.7 0.99 Ft/sec 16 
Average of main wheels 1.7 0.86 Ft/sec 16 
Closure speed (measured to camera) 106 6.06 Knots 16 
Approach speed 109 5.36 Knots 16 

3.3 3.34 Knots 16 Wind speed Head wind 
  Crosswind (absolute value) 4.3 3.17 Knots 16 
Pitch angle at touchdown 3.5 1.24 Degrees 16 
Roll angle at touchdown 0.5 1.47 Degrees 16 
Yaw angle at touchdown -0.5 2.19 Degrees 16 
Distance from touchdown to runway 
threshold 

1098 343 Feet 16 

Off-center distance at touchdown 1.4 2.97 Feet 16 
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TABLE 7.  STATISTICAL SUMMARY—BEECH 1900D, PHL 

Parameters 
Mean 
Value 

Standard 
Deviation

Measurement 
Units 

Number of 
Landings 

1.4 0.73 Ft/sec 62 Sink Speed Port wheel 
 Starboard wheel 1.3 0.77 Ft/sec 62 
Average of main wheels 1.3 0.67 Ft/sec 62 
Closure speed (measured to camera) 101 7.18 Knots 62 
Approach speed 104 6.21 Knots 62 

3.4 3.74 Knots 62 Wind speed Head wind 
  Crosswind (absolute value)  4.0 3.17 Knots 62 
Pitch angle at touchdown 3.4 1.28 Degrees 62 
Roll angle at touchdown 0.3 1.93 Degrees 62 
Yaw angle at touchdown 0.0 1.77 Degrees 62 
Distance from touchdown to runway 
threshold 

1307 235 Feet 62 

Off-center distance at touchdown -0.5 2.57 Feet 62 
 
 

TABLE 8.  STATISTICAL SUMMARY—DEHAVILLAND CANADA DHC-8, PHL 

Parameters 
Mean 
Value

Standard 
Deviation 

Measurement 
Units 

Number of 
Landings 

1.5 0.87 Ft/sec 127 Sink Speed Port wheel 
 Starboard wheel 1.9 1.17 Ft/sec 127 
Average of main wheels 1.8 1.0 Ft/sec 127 
Closure speed (measured to camera) 92 7.3 Knots 127 
Approach speed 96 7.1 Knots 127 

3.8 3.67 Knots 127 Wind speed Head wind 
  Crosswind (absolute value) 4.0 3.07 Knots 127 
Pitch angle at touchdown 4.8 1.19 Degrees 127 
Roll angle at touchdown 0.8 1.47 Degrees 127 
Yaw angle at touchdown 0.4 1.31 Degrees 127 
Distance from touchdown to runway 
threshold 

1171 273 Feet 127 

Off-center distance at touchdown 0.9 2.96 Feet 127 
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FIGURE 14.  SAAB 340 SINK SPEED HISTOGRAM, PHL SURVEY 
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FIGURE 15.  BEECH 1900D SINK SPEED HISTOGRAM, PHL SURVEY 
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FIGURE 16.  DEHAVILLAND CANADA DHC-8 SINK SPEED HISTOGRAM, 

PHL SURVEY 
 

Figures 17 through 19 present some overall observations regarding the total 215 measured 
parameters of landing touchdown collected during the survey. 
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FIGURE 17.  SINK SPEED VS DISTANCE FROM THRESHOLD, PHL 
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FIGURE 18.  SINK SPEED VS APPROACH SPEED, PHL 
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FIGURE 19.  TOUCHDOWN PITCH ANGLE VS APPROACH SPEED, PHL 
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Figure 17 is a plot of sink speed versus touchdown distance from the runway threshold.  The 
figure indicates that the span of camera coverage was approximately from 500 to 2000 feet from 
the threshold.  The straight line (statistical trend line) indicates that the sink speed of the 
touchdown occurring near 500 feet from the threshold is about 1 foot per second more than 
landings where the touchdown is near the 1700-foot mark. 
 
Figure 18 is a plot of sink speed versus approach speed.  For the same airplane types, higher 
approach velocities should translate into higher sink speeds.  From figure 18, one can quantify 
the contribution of approach velocity to sink speed, although, in this survey, the increase in 
approach speed has very little effect on sink speed.  Figure 19 shows a significant correlation 
between approach speed and touchdown pitch angle.  Statistical linear trend lines are provided 
on each figure.   
 
3.3  ATLANTIC CITY INTERNATIONAL AIRPORT. 

3.3.1  Atlantic City International Airport Operations. 

Additional commuter data were collected at the FAA’s permanent video landing survey facility, 
monitoring runway 13 at ACY.  The FAA landing facility collects data on routine operations at 
ACY.  The bulk of the landings observed are narrow-body jets in scheduled commercial service.  
In addition, a large number of military air refueling tankers and transport aircraft perform 
landing practice at ACY.  These practice landings are normally touch and go landings.  The 
majority of these operations are performed with KC-10 aircraft, the military version of the DC-
10 wide-body aircraft.  A significant number of commercial aircraft training landings of the 
Airbus A330 have also been recorded and analyzed.  The presentation and analysis of the 
landing data from these aircraft are outside the scope of this report and are not included in the 
appendix.  The one model of commuter aircraft that, until recently, provided service into ACY is 
the Beech 1900D.  Landing data for the Beech 1900D, a commuter model that was also recorded 
at PHL, is included in this report to provide an additional source for direct comparison with the 
PHL results.   
 
3.3.2  Atlantic City International Airport Results. 

The results of the ACY Beech 1900D commuter landings are shown in table 9.  A histogram of 
the Beech 1900D sink speeds recorded at ACY is provided in figure 20.  In addition, crosswind 
data for the Beech 1900D at both ACY and PHL were measured and compared. 
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TABLE 9.  STATISTICAL SUMMARY—BEECH 1900D, ACY 

Parameters 
Mean 
Value 

Standard 
Deviation 

Measurement 
Units 

Number of 
Landings 

1.8 1.07 Ft/sec 77 Sink Speed Port wheel 
 Starboard wheel 1.7 1.26 Ft/sec 77 
Average of main wheels 1.7 1.06 Ft/sec 77 
Closure speed (measured to camera) 98 10.68 Knots 77 
Approach speed 104 11.46 Knots 77 

4.4 4.35 Knots 77 Wind speed Head wind 
  Crosswind (absolute value)  5.2 3.19 Knots 77 
Pitch angle at touchdown 1.7 2.63 Degrees 77 
Roll angle at touchdown 0.1 2.48 Degrees 77 
Yaw angle at touchdown 1.66 2.9 Degrees 77 
Distance from touchdown to runway 
threshold 

1825 339 Feet 77 

Off-center distance at touchdown 1.0 5.1 Feet 77 
 

0
10
20
30
40

1 2 3 4 5 6 7 8 More

Sink Speed (ft/sec)

Frequency

 
FIGURE 20.  BEECH 1900D SINK SPEED HISTOGRAM, ACY SURVEY 

 
The commuter data collected at ACY was recorded landings on runway 13, the only ILS-
equipped runway currently at ACY.  This is a 10,000-ft runway, see figure 21.  Runway 4-22 
crosses runway 13 at approximately mid length; thus, only one runway is operational at any time 
at ACY.  Therefore, there is no incentive to land close to the threshold on runway 13.  In 
addition, to taxi to the terminal at ACY, the pilots must cross runway 4-22.  In fact, some aircraft 
touchdown so far down runway 31 that they leave the field of view of the cameras before 
touchdown occurs.  These relatively benign conditions are reflected in the much wider variation 
in touchdown points from the runway threshold. 
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FIGURE 21.  ATLANTIC CITY INTERNATIONAL AIRPORT DIAGRAM 
 
4.  AIRPORT COMPARISONS. 

4.1  COMPARISON OF LCY RESULTS WITH PHL RESULTS. 

The number of aircraft models available for direct comparison between LCY and PHL were 
limited since only aircraft certified to land at high glide slope angles operated into LCY.  The 
DeHavilland Canada DHC-8 was the only aircraft observed at both the LCY and PHL surveys.  
Comparisons of the mean values of DeHavilland Canada DHC-8 approach speeds and sink rates 
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are presented in table 10.  An illustration of how the sink rates for the DeHavilland Canada 
DHC-8 matched up at each airport, is presented in a box-and-whisker plot, in figure 22.  The 
observed difference in mean values and standard deviation in table 10 can be attributed to the 
different glide slope (5.5° at LCY, 3° at PHL) at the two airports.  A statistical Students-t test for 
the significance of the difference between the mean values of two populations, shows that there 
is a 99% probability that the observed difference is real. 

 
TABLE 10.  DIRECT COMPARISON OF LANDING SURVEY RESULTS, 

DEHAVILLAND CANADA DHC-8 

LCY Survey 1997 PHL Survey 1999 
Aircraft 
Model  

Approach 
Speed 

Average 
Sink Speed 

Approach 
Speed 

Average 
Sink Speed 

Mean 106 (knots) 2.5 (fps) 96 (knots) 1.8 (fps) 
Standard Deviation 8.85 1.8 7.1 1.0 

DeHavilland 
Canada 
DHC-8 No. of Landings 23 23 127 127 

 

 
FIGURE 22.  BOX-AND-WHISKER PLOT OF DEHAVILLAND 

CANADA DHC-8 SINK SPEED  
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4.2  COMPARISON OF PHL RESULTS WITH ACY RESULTS. 

The effect that the crosswind had on the closure speed and sink rate at each airport can be seen in 
figures 23 through 26.  In strong crosswind operations, the closure speed of the aircraft landing is 
increased to lessen the effect of the crosswind component on the airplane.  As a result of 
increased closure speeds, sink rates are also increased as the crosswind magnitude is increased.  
Tables 11 and 12 compare the landing parameters along with the crosswind conditions at ACY 
and PHL for the Beech 1900D.  The average crosswind for ACY landings were higher than those 
at PHL.  Runway 13 at ACY is the only runway at ACY with an ILS; thus, in bad weather, 
landings must be performed on runway 13, contributing to the higher percentage of crosswind 
landings at ACY.   
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FIGURE 23.  CLOSURE SPEED VS ABSOLUTE VALUE OF CROSSWIND, PHL 
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FIGURE 24.  SINK RATE VS ABSOLUTE VALUE OF CROSSWIND, PHL 
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FIGURE 25.  CLOSURE SPEED VS ABSOLUTE VALUE OF CROSSWIND, ACY 
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FIGURE 26.  SINK RATE VS ABSOLUTE VALUE OF CROSSWIND, ACY 

 
TABLE 11.  DIRECT COMPARISON OF LANDING SURVEY RESULTS, BEECH 1900D 

ACY Landing Data PHL Survey 1999 
Aircraft 
Model  

Approach 
Speed 

Average 
Sink Speed 

Approach 
Speed 

Average 
Sink Speed 

Mean 104 (knots) 1.7 (fps) 104 (knots) 1.3 (fps) 
Standard Deviation 11.46 1.06 6.21 0.67 

Beech 
1900D 

No. of Landings 77 77 62 62 
 

TABLE 12.  CROSSWIND COMPARISON FOR BEECH 1900D LANDINGS  

Absolute Value of Crosswind Components 
 Mean Standard Deviation 

ACY 5.2 3.19 
PHL 4.0 3.16 
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At ACY, runway 13 is the only runway equipped with an ILS.  In bad weather, pilots are 
required to perform more landings in adverse wind conditions at ACY than would be done at 
PHL, which has numerous options for ILS landings.  Only runway 17, which is infrequently 
used, on the opposite end of the surveyed runway, does not have ILS in PHL.  On the other hand, 
in good weather, the option to land commuters on crosswind runway 4-22 at ACY reduces the 
overall number of crosswind landings.  During peak operating periods at PHL, the need to give 
preference to jet traffic on runways 9L-27R and 9R-27L may force commuter turboprop aircraft 
to do more good weather crosswind landings on runway 35. 
 
During the survey period at PHL, there were no periods of poor visibility, and thus, weather did 
not appear to be a factor in survey results.  At ACY, bad weather landings were included in the 
survey results.  
 
Figure 27 is a box-and-whisker plot showing statistical data for the Beech 1900D at ACY and 
PHL. 

 

 
FIGURE 27.  BOX-AND-WHISKER PLOT OF BEECH 1900D SINK SPEED 

 
A number of high sink speed landings were observed during the LCY survey.  This can be 
directly attributed to the higher 5.5° glide slope angle required to land at LCY.  It was 
anticipated that landings in excess of 4 ft/sec would be rather rare in normal commercial 
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operations.  The results of the LCY survey have identified 60 landings (almost 24%) that had 
sink speeds of 4 ft/sec or more and 3 landings were in excess of 8 ft/sec.  In previous surveys 
done on wide-body airplane models, 20% of the landings at HNL and 15% at JFK had landings 
at or above 4 ft/sec.  The design limit descent velocity found in reference 5, Title 14 Code of 
Federal Regulations 25.473 for commercial transports, is 10 ft/sec.  Reference 5 specifies a 
10-ft/sec landing, a once per lifetime event, but does not require a sink speed frequency 
distribution.  The military specification MIL-A-8866 for similar aircraft assumes a 10-ft/sec 
landing occurs once every 2000 landings and a 9-ft/sec landing once every 1000 landings.  
Figure 28 provides a histogram of the sink speed distribution recorded during the LCY survey.   
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FIGURE 28.  SINK SPEED HISTOGRAM, LCY SURVEY 

 
The landing survey at PHL, which included turboprops only, produced data that was unlike that 
found in previous surveys.  This was the low frequency of sink speeds that were over 4 ft/sec.  In 
figure 29, a histogram of the sink speed for all landings captured at PHL is presented.  During 
this survey only one of the 215 recorded landings had a sink speed over 4 ft/sec.  In all prior 
surveys, the 4 ft/sec or over mark was encountered at the very least 15% of time.   
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FIGURE 29.  SINK SPEED HISTOGRAM, PHL SURVEY 

 
Since there is no equivalent commercial specification, the observed sink speed distributions from 
the LCY and PHL surveys were compared with the distribution from MIL-A-8863.  Commercial 
manufactures estimate the anticipated usage of the aircraft during the airplanes design phase.  
Figure 30 shows a plot of the probability that an aircraft’s sink speed would reach a particular 
value.  The military specifications for the sink speed distribution of transport aircraft is identified 
as the MIL-A-8866 curve.  Also presented in figure 30 is a comparison of the sink speeds for 
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three aircraft models captured in the LCY survey (BAe 146, DeHavilland Canada DHC-8, and 
Fokker 50) compared in a probability format with two aircraft models’ sink speeds from the PHL 
survey (DeHavilland Canada DHC-8 and Beech 1900D).  The MIL-A-8863 distribution 
indicates, that over a lifetime, a military transport fleet would be designed for the assumption 
that 4 percent of the sink speeds would be in excess of 6 ft/sec.  During the LCY survey in June-
July 1997, nearly 10 percent of the BAe 146 commuter transports exceeded 6 ft/sec, while about 
3 percent of the Fokker 50 transports exceeded the same 6 ft/sec.  In the PHL survey, none of the 
215 landings analyzed exceeded the sink speed of 6 ft/sec.   
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FIGURE 30.  SINK SPEED PROBABILITY DISTRIBUTIONS, LCY VS PHL 
 
The sink speed distributions for the two direct comparisons, the DeHavilland Canada DHC-8 at 
LCY and PHL and the Beech 1900D at PHL and ACY, have also been plotted in figures 31 and 
32.  In figure 31, the probability of exceeding the same sink speed at LCY is higher than at PHL.  
The likely reason for this could be the usually high glide slope at LCY.  Figure 32 shows the plot 
comparing the PHL and ACY Beech 1900D landings.  In this plot, the probability of exceeding a 
sink speed at ACY is higher than at PHL.  Based on the crosswind data and its effect on landing 
parameters, this could be why the landings at ACY have a higher probability.  
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FIGURE 31.  SINK SPEED PROBABILITY DISTRIBUTIONS FOR THE 

DEHAVILLAND CANADA DHC-8 AIRCRAFT 
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FIGURE 32.  SINK SPEED PROBABILITY DISTRIBUTIONS FOR THE 

BEECH 1900D AIRCRAFT 
 
As stated earlier, landing load surveys have been performed at other commercial airports.  In 
particular, the survey at JFK did collect a limited number of commuter operations.  However, 
given the relatively small sample sizes and the fact that the instrumented runway (13L at JFK) is 
10,000 ft long, the data was only included as an appendix in the report cited in reference 6, no 
conclusions were presented for that data.  The runway is equipped with ILS and has a 3.0° glide 
slope angle.  Given the new commuter data provided in this report, it was considered reasonable 
to review the JFK data and compare it with the new results.   
 
Summaries were generated from the JFK report data and are shown in tables 13 through 16.  
Comparing the data with the LCY and PHL data confirmed that the operations on the longer 
runway are less severe than on the shorter runway at PHL or the higher glide slope angle at 
LCY.  Table 17 compares the data of high-wing commuter aircraft at all three airports.  Table 18 
compares the landing performance of the various Saab 340 commuter aircraft at all three 
airports.  Figure 33 shows a plot of the sink rate versus approach speed for all turboprop-
powered commuter aircraft observed during the surveys.  The LCY data stands out as being the 
most demanding operating environment.  The sink rates are lowest on the longer JFK runway 
even though the operations at JFK were performed in challenging crosswind conditions.  The 
absolute value of the crosswind components at JFK had a mean value of 10 knots.  The 
crosswind components were 5.0 knots for the PHL landings and 5.5 knots at LCY.  These higher 
crosswind conditions contributed, in part, to the higher approach speeds reported at JFK.  
Another factor contributing to the higher JFK approach speeds was the higher volume of 
operations, whereby the commuters were mixed into the traffic flow with larger commercial jets, 
which may have resulted in higher approach speeds being flown by the commuter aircraft. 
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TABLE 13.  STATISTICAL SUMMARY—ATR-42, JFK 

Parameters 
Mean 
Value 

Standard 
Deviatio

n 
Measurement 

Units 
Number of 
Landings 

1.1 0.98 Ft/sec 42 Sink Speed Port wheel 
 Starboard wheel 1.3 1.04 Ft/sec 42 
Average of main wheels 1.2 0.95 Ft/sec 42 
Closure speed (measured to camera) 106 8.20 Knots 42 
Approach speed 110 8.63 Knots 42 

4 4.36 Knots 42 Wind speed Head wind 
  Crosswind (absolute value) 10 4.74 Knots 42 
Pitch angle at touchdown 3.5 1.50 Degrees 42 
Roll angle at touchdown 3.7 5.72 Degrees 42 
Yaw angle at touchdown -0.3 2.55 Degrees 42 
Distance from touchdown to runway 
threshold 

1894 1179 Feet 42 

Off-center distance at touchdown 1.5 5.93 Feet 42 
 

TABLE 14.  STATISTICAL SUMMARY—DHC-7, JFK 

Parameters 
Mean 
Value 

Standard 
Deviation 

Measurement 
Units 

Number of 
Landings 

2.0 1.21 Ft/sec 26 Sink Speed Port wheel 
 Starboard wheel 1.9 1.39 Ft/sec 26 
Average of main wheels 2.1 1.03 Ft/sec 26 
Closure speed (measured to camera) 86 12.54 Knots 26 
Approach speed 92 11.29 Knots 26 

6 2.83 Knots 26 Wind speed Head wind 
  Crosswind (absolute value) 10 5.25 Knots 26 
Pitch angle at touchdown 3.2 1.95 Degrees 26 
Roll angle at touchdown 2.8 2.50 Degrees 26 
Yaw angle at touchdown 0.5 1.93 Degrees 26 
Distance from touchdown to runway 
threshold 

1923 497 Feet 26 

Off-center distance at touchdown -1.1 4.62 Feet 26 
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TABLE 15.  STATISTICAL SUMMARY—DHC-8, JFK 

Parameters 
Mean 
Value 

Standard 
Deviation 

Measurement 
Units 

Number of 
Landings 

1.0 1.01 Ft/sec 10 Sink Speed Port wheel 
 Starboard wheel 1.1 1.37 Ft/sec 10 
Average of main wheels 1.1 1.24 Ft/sec 10 
Closure speed (measured to camera) 95 14.72 Knots 10 
Approach speed 99 13.99 Knots 10 

4 4.59 Knots 10 Wind speed Head wind 
  Crosswind (absolute value) 10 3.55 Knots 10 
Pitch angle at touchdown 5.8 2.29 Degrees 10 
Roll angle at touchdown 2.7 2.81 Degrees 10 
Yaw angle at touchdown -1.7 1.30 Degrees 10 
Distance from touchdown to runway 
threshold 

1727 546 Feet 10 

Off-center distance at touchdown 0.3 8.33 Feet 10 
 

TABLE 16.  STATISTICAL SUMMARY—SAAB 340, JFK 

Parameters 
Mean 
Value 

Standard 
Deviation 

Measurement 
Units 

Number of 
Landings 

Sink Speed Port wheel 0.9 1.05 Ft/sec 30 
 Starboard wheel 1.0 1.12 Ft/sec 30 
Average of main wheels 1.0 1.00 Ft/sec 30 
Closure speed (measured to camera) 111 9.20 Knots 30 
Approach speed 116 7.68 Knots 30 
Wind speed Head wind 5 4.72 Knots 30 
  Crosswind (absolute value) 10 4.67 Knots 30 
Pitch angle at touchdown 3.3 1.47 Degrees 30 
Roll angle at touchdown 3.3 5.12 Degrees 30 
Yaw angle at touchdown -1.6 2.09 Degrees 30 
Distance from touchdown to runway 
threshold 

1636 563 Feet 
30 

Off-center distance at touchdown 1.9 5.83 Feet 30 
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TABLE 17.  COMPARISON OF HIGH-WING COMMUTER AIRCRAFT,  
LCY, PHL, AND JFK LANDINGS 

Aircraft Model Location 

  
DHC-8 
LCY 

DHC-8 
PHL 

DHC-8 
JFK 

DHC-7 
JFK 

ATR-42 
JFK 

Average sink speed 
(ft/sec) 

Mean 2.8 1.8 1.1 2.1 1.2 

 Standard 
Deviation 

2.04 1.0 1.07 1.03 0.95 

Approach speed 
(knots) 

Mean 106 96 99 92 110 

 Standard 
Deviation 

8.85 7.1 13.99 11.29 8.63 

Number of landings  23 127 10 26 42 
Reference approach 
speed (knots) 

See 
reference 7 

90 90 90 83 NA 

 
 

TABLE 18.  COMPARISON OF SAAB COMMUTER AIRCRAFT, LCY, PHL, 
AND JFK LANDINGS 

Aircraft Model Location 

  
Saab 2000 

LCY 
Saab SF-340 

PHL 
Saab SF-340 

JFK 
Mean 4.1 1.7 1.0 Average sink speed 

(ft/sec) Standard Deviation 3.12 0.99 1.00 
Mean 117 109 116 Approach speed 

(knots) Standard Deviation 6.56 5.36 7.68 
No. of landings  5 16 30 
Reference approach 
speed (knots)* 

Approach flaps 
Landing flaps 

105 
98 

87 
82 

87 
82 

 
*Data from Jane’s All the World Aircraft.  
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FIGURE 33.  TURBOPROP COMMUTER AIRCRAFT COMPARISON BY SURVEY, 

SINK SPEED VS APPROACH SPEED 
 
5.  CONCLUDING REMARKS. 

This research is part of a continuing series of landing parameter surveys intended to assess the 
continued suitability of current design and certification requirements for aircraft landing gear and 
support structure.  The video landing data acquisition system has been shown to be a practical, 
cost-effective technique for collecting large quantities of typical landing parameter data on a 
noninterference basis at major commercial airports.  This report summarized the commuter 
results from surveys conducted at London City Airport (LCY), Philadelphia International Airport 
(PHL), and Atlantic City International Airport (ACY).  The LCY survey was performed in the 
summer of 1997, and the PHL survey was performed in the summer of 1999.  The findings can 
be summarized as follows: 
 
• Operations at higher glide slope angles result in significantly higher aircraft sink rates. 

• Operations of commuter aircraft under typical operating conditions result in lower sink 
rates than those observed for narrow-body jet aircraft in previous landing surveys.  

• Current design sink rate requirements appear to be adequate for commuter aircraft. 

• A trend toward higher aircraft sink rates and approach speeds can be inferred from the 
results of landings performed during higher crosswind conditions. 

• In general, the landing performance for aircraft appear to be effected by the runway 
configuration and terminal locations of the particular airports used.  
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APPENDIX A—BOX-AND-WHISKER 
PLOTS 

A box-and-whisker plot can be useful for handling many data values. They allow 
people to explore data and to draw informal conclusions when two or more 
variables are present.  Box and whisker plots are a contemporary tool, which 
provides pictorial representations for making informal comparisons of the range 
and location of multiple data sets.   It shows only certain statistics rather than all 
the data. Five-number summary is another name for the visual representations of 
the box-and-whisker plot. The five-number summary consists of the median, the 
quartiles, and the smallest and greatest values in the distribution. Immediate 
visuals of a box-and-whisker plot are the center, the spread, and the overall range 
of distribution. 

The first step in constructing a box-and-whisker plot is to first find the median, 
the lower quartile and the upper quartile of a given set of data. Example: The 
following set of numbers is the amount of marbles fifteen different boys own 
(they are arranged from least to greatest). 

18 27 34 52 54 59 61 68 78 82 85 87 91 93 100 

• First find the median. The median is the value exactly in the middle of an 
ordered set of numbers.  

68 is the median 

• Next, we consider only the values to the left of the median: 18 27 34 52 
54 59 61. We now find the median of this set of numbers. Remember, the 
median is the value exactly in the middle of an ordered set of numbers. 
Thus 52 is the median of the scores, which are less than the median of all 
scores, and therefore is the lower quartile. 

52 is the lower quartile 

• Now consider only the values to the right of the median: 78 82 85 87 91 
93 100. We now find the median of this set of numbers. The median 87 is 
therefore called the upper quartile.  

87 is the upper quartile 

 A-1



(*If you're finding the median in an ordered set with an even number of 
values, you must take the average of the two middle numbers. For example: 
3, 5, 7, and 10. Add the two middle numbers. 5 + 7 = 12. Divided 12 by 2 to 
get the average. 12 / 2 = 6. Therefore 6 is the median for the ordered set of 3, 
5, 7, and 10.) 

• One is now ready to find the inter-quartile range (IQR). The inter-quartile 
range is the difference between the upper quartile and the lower quartile. 
In our case the IQR = 87 - 52 = 35. The IQR is a very useful 
measurement. It is useful because it is less influenced by extreme values; 
it limits the range to the middle 50% of the values.  

35 is the inter-quartile range 
 
Now we begin to draw our graph: 
 

 
 
 

                                                 
* Article copied from:  http://ellerbruch.nmu.edu/cs255/jnord/boxplot.html 
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APPENDIX C LANDING PARAMETER SURVEY DEFINITIONS 
 

 

SINK SPEED  VV 
 
Sink speed is the sink speed of the aircraft landing gear wheel just prior to touchdown.  Sink 
speed is reported for each landing gear individually:  that is for the port, starboard, and nose 
wheels just prior to individual runway contact.  In addition the average sink speed of the aircraft 
main landing gear is calculated just prior to touchdown of the first main landing gear wheel.  
Sink speed is determined from image data.  The symbols used to identify aircraft sink speed are 
as follows: 

VVA - average sink speed 
VVS - sink speed of the starboard main wheel 
VV

 

 

 

 

 

 

P - sink speed of the port main wheel 
 
The values of aircraft sink speed are reported in feet per second 

WIND SPEED VW 
 
Wind speed is the wind velocity measured by the survey team’s instrumentation.  A head wind is 
defined as the positive direction for the parallel component of wind speed.  The perpendicular 
component of wind speed, the crosswind, is also reported.  

The symbol for wind speed is VW and is reported in knots. 

CLOSURE SPEED VC 
 
The closure speed is the speed determined by the change in the aircraft’s range from the camera.  
It is reported parallel to the runway center line.  Closure speed is reported with respect to the 
ground.  Closure speed is calculated from image measurements. 

The symbol for closure speed is Vc and is reported in knots. 

APPROACH SPEED VP’AF 
 
The value of approach speed reported is the algebraic sum of closure speed and component of 
wind speed parallel to the runway centerline.  The value of approach speed is the aircraft forward 
velocity with respect to the air mass. 

The symbol for approach speed is VP’AF and is reported in knots. 
 
AIRCRAFT PITCH ANGLE θ P  
 
The aircraft pitch angle is measured between the aircraft reference line and a line parallel to the 
runway.  Positive values of pitch angle are reported for an aircraft with a noseup attitude.  Pitch 
angle is determined from image data. 
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The symbol for pitch angle is θ P  and is reported in degrees. 
 
AIRCRAFT ROLL ANGLE θ r  
 
The aircraft roll angle is measured between the aircraft reference line and a line parallel to the 
runway.  Positive values of roll angle are reported for an aircraft whose starboard wing is down.  
Roll angle is determined from image data. 
 
The symbol used for roll angle is θ r  and is reported in degrees.  
 
AIRCRAFT OFF-CENTER LINE DISTANCE Y 
 
This is the distance measured perpendicularly between the aircraft center line and the center line 
of the runway.  This value is calculated from image data just prior to first main wheel touch-
down.  Positive values of this quantify indicate that the aircraft landed on the port side of the 
runway center line. 
 
The symbol for this quantity is Y and is reported in feet. 
 

 

 

 

DISTANCE FROM RUNWAY THRESHOLD TO FIRST MAIN WHEEL TOUCHDOWN XW 
 
The distance between the runway threshold and the point of first main wheel touchdown is 
determined from image data.  

The symbol for this quantity is XW and is reported in feet. 

AIRCRAFT YAW ANGLE  YAWtd 
 
The yaw angle is the angle between the aircraft center line and the aircraft flight path at the point 
of first main wheel touchdown.  Positive yaw angle is defined to be that orientation where a 
clockwise rotation of the flight path vector causes the vector to coincide with the aircraft center 
line using a minimum angular rotation.  Yaw angle is determined from image data. 

The symbol for this quantity is YAWtd and is reported in degrees. 
 
LIST OF SUBSCRIPTS 
 
 P - Port 
 S - Starboard 
 N - Nose wheel 
 A - Average 
 r - Roll 
 p - Pitch 
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