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• Task 1 (Completed) 
• Process New ASDE-X and ASSC Data 
• Years 2016, 2017, 2018, 2019, and 2020 supplied by the FAA 
• Include new data in the Landing Events Database   

• Task 2 (Completed) 
• Incorporated pilot motivational practices into the Runway Exit Tool (REDIM Model) 
• User’s can specify pilot motivational practices 

• Task 3 (Completed) 
• User-Community Feedback 
• Improvements to the model 

• Task 4 (under review by FAA) 
• Aircraft Database
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Project Tasks and Products Developed or Improved

Currently writing some documentation
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Process Data and Improve the Landing Events Database
• ASDE-X and Airport Surface Surveillance Capability (ASSC) 

data  
• Processed ASDE-X and ASSC data with more than 32 million 

landing events 
• Added six airports to the analysis  
• Landings recorded at 43 airport for years 2015-2020 

• Updated runway exit geometry information for 4,806 runway 
exits at 313 runway ends (43 airports) 

• Updated one and five-minute weather data for all 43 airports 
• Product: Landing Events Database 1.3.7
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Newark International 
Airport Runway Exit 
DataRunway exit 

polygons at EWR 
airport

https://atsl.cee.vt.edu/products/runway-exit-design-
interactive-model--redim-1.html

Download the Landing Events Database at:



Air Transportation Systems Laboratory

Landing Event Database Tool Version 1.3.7
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Landing track follows the 
aircraft up to the last 
position reported (ramp 
position or gate)

Filters by: 
Carrier, Aircraft, Runway, 
Runway Exit, and Date 
Range
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Runway Exit Tool (REDIM Model) Improvements

• Released the REDIM Tool version 4.02 (December 20, 2022) 
• REDIM uses ASDE-X data collected at 43 airports between 2015 and 2020 
• Support for more than 300 aircraft types 
• Landing parameters are now a function of runway length instead of clusters 
• Turnoff times are now calculated using Point Of Curvature (PC) to runway edge, 

runway edge to hold bar decelerations 
• Exact exit geometries are supported using cartesian coordinates 
• Runway Threshold to last Exit's Point Of Curvature is now used instead of actual 

Runway Length 
• Landing roll pilot motivation can be adjusted by aircraft type to improve model 

calibration for specific runways.
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Latest Releases of the Runway Exit Tool (REDIM Model)

• Version 4.0.1 - 12/12/2022 
• Various small improvements to the user interface 

• Version 4.0.2 - 12/20/2022 
• Performance improvements when using high motivation factors on short 

runways. 
• Fixed crash affecting AAC C Turboprop aircraft on runways longer than 13,000 

feet.
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Runway Exit Model (REDIM version 4)
• The REDIM Model uses nominal landing roll deceleration and touchdown location distributions 

derived from 30+ million landings   
• Deceleration rates and touchdown locations are a function of: 

• Landing distance to the last runway exit (~landing distance available) 
• Individual aircraft 

• Pilot motivation can influence the “nominal landing roll behavior” due to multiple factors:  
• Gate location 
• Avoiding a crossing an intersecting runway while landing (LAHSO and non-LAHSO 

operations) 
• Avoiding crossing an inboard parallel runway used for departures (i.e., avoids long taxi times) 
• Passenger comfort 
• Runway exit location and runway exit types available
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Runway Exit Model 4 : Aircraft Database
• 330 aircraft modeled (directly or indirectly) 
• Improved database consistent with the updated FAA Aircraft Characteristics Database (ACD) 
• Includes the latest generation of aircraft (Airbus 220-300, A320neo, Boeing 737-8Max, etc.)
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Runway Exit Model 4 Improvements: Runway Exit Data Handling
• REDIM offers default runway exits 
• REDIM offers a detailed procedure to define custom runway exits using relative(x-y) or absolute 
coordinates (latitude-longitude) 

• REDIM 4 can store runway exits in a runway exit  database file
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Pilot Motivation Factor

• The research team developed 
methods to characterize pilot 
motivation through statistical 
analyses of individual aircraft data  
• Deceleration rates  
• Touchdown distances 

• Briefed a group of pilots invited by 
the FAA to understand factors that 
lead to pilot motivation 

• All motivation factors provided in 
the model are within the 
kinematic capabilities of each 
aircraft

High Motivation 
(Motivation Factor 2) 

Low Motivation 
(Motivation Factor 0.5) 

Nominal Behavior 
(Motivation Factor 1)

Higher deceleration rates 
Early touchdown locations

Lower deceleration rates

Normal deceleration rates 
Normal touchdown locations
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Motivation Factor in the REDIM 4 Model Interface
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During the landing 
simulation, Boeing 737-700 will 
use a motivation factor  
of 2.0 (high motivation)
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Procedure to Estimate Pilot Motivation

• Studied 30+ million landing 
records in the Landing Events 
Database 
• Individual aircraft analysis 

produces unique motivation 
factor profiles 

• Motivation factors are feasible 
and observable in the landing 
event database (i.e., 
deceleration rates and 
touchdown locations are 
practical and feasible)
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Landing Roll Profiles versus Pilot Motivation

Air Time

Runway Occupancy Time

Blue dots are actual  landing 
roll data points 

Speed at Fuselage 
Out Point

Nominal Deceleration

Threshold Crossing Speed

Nose Gear 
Touchdown Time

Nominal to PC Deceleration

Decision Speed

Nose Gear Down Speed

Exit Speed 
(Speed at Point of 
Curvature)

Speed at Hold Bar

Main Gear 
Touchdown Time

High motivation
Nominal
Low Motivation
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Pilot Motivation in the REDIM 4 Model Starts with Modified Touchdown Locations
• The natural trend of touchdown 

locations is built into the model based 
on actual data 
• Short runways produce early 

touchdown locations 
• High motivation factors above 1.5 may 

reduce the touchdown location by 
120-150 feet (~4.8%) on a 8,000-foot 
runway

15



Air Transportation Systems Laboratory

Pilot Motivation Factor Effect on Nominal Deceleration Rate Spread Between MF 
1 and MF 1.25  Averages 20% for Runways Up to 3,050 meters (10,000 feet)
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Airbus A320

14%

27%

29%
Autobrake Low

Autobrake Medium
No delay

Autobrake Medium
 With delay and low pitch (< 1 degree) Airbus A320 Autobrake Panel

(https://docs.flybywiresim.com/pilots-
corner/a32nx-briefing/flight-deck/front/

autobrake-gear/)

https://docs.flybywiresim.com/pilots-corner/a32nx-briefing/flight-deck/front/autobrake-gear/
https://docs.flybywiresim.com/pilots-corner/a32nx-briefing/flight-deck/front/autobrake-gear/
https://docs.flybywiresim.com/pilots-corner/a32nx-briefing/flight-deck/front/autobrake-gear/
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Nominal Deceleration Rate and Pilot Motivation Factor
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REDIM 4 results
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Nominal Deceleration Rate and Pilot Motivation Factor
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REDIM 4 results
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Practical Implications of Changing the Pilot Motivation Factor on a 
2,440-meter (8,000 feet) Runway
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Airbus A320

Increasing the pilot motivation 
factor from 1.0 to 1.25 doubles the 
cumulative runway exit probability 
of right-angle exits at a location 
5,500 feet along the runway.
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Example Motivation Factors at Selected Airports

• Practical examples of how to translate motivation 
factor (MF) to real-world landing performance 
• Los Angeles Runway 24R 
• Milwaukee Runway 7R 
• LaGuardia Runway 31 

• REDIM model motivation factor guidance for 
model users
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Note:  
The pilot motivation factor procedure developed in the model cannot exceed 

the landing performance characteristics of an aircraft 
The current REDIM model Beta version allows Motivation Factors between 

0.5 and 2.0
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77.5% of Motivated Pilots of Boeing 737-700 Landings Exit at Yankee (Y)

• A case of very high pilot motivation 

• Motivation factor slightly higher than 2 

• Nominal deceleration rate for a Boeing 
737-700 landing on a 9,000 foot runway is 
2.05 m/s2   

• Observed deceleration rate of 2.69 m/s2 on 

runway 24R by one motivated airline 

• Upper bound pilot motivation factor in the 
REDIM model is 2
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55% of Airbus A320 Landings at LGA Runway 31 Use Exit Sierra (S)

• A case of higher than nominal pilot 
motivation 

• Pilots are motivated is to avoid crossing 
runway 4/22 while landing on runway 31 

• Observed motivation factor is ~1.25

7,003 foot runway 
2017-2020 Data
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Recommended Guidance for Motivation Factors

• REDIM 4 is designed to predict nominal landing roll 
behavior on a runway with a motivation factor MF 
1.0 

• High motivation factors are observed at some U.S. 
airports (MF 1.25 or higher) 

• Practical design guidance should limit the placement 
of runway exits using MF factors between 0.8 and 
1.2 to avoid high deceleration rates that may not be 
desirable in real-world commercial operations 
• Higher maintenance costs due to heavy braking 
• Passenger comfort 

• For narrow-body aircraft, a motivation factor of 1.2 
translates into 15-20% increase in deceleration rates 
compared to the nominal landing conditions
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High Motivation 
(Motivation Factor 2) 

Low Motivation 
(Motivation Factor 0.5) 

Nominal Behavior 
(Motivation Factor 1)

MF 1.2

MF 0.8

Practical Design Region
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Runway Exit Design Tool (REDIM Model) Resources

https://atsl.cee.vt.edu/products/runway-exit-
design-interactive-model--redim-1.html

Runway Exit Design Model User Group

1.9 GB installer
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Runway Exit Design Tool and Landing Events Database Resources

https://atsl.cee.vt.edu/products/runway-exit-design-
interactive-model--redim-1.html

94 MB installer
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Runway Exit Design Tool Database and Runway Exit Clusters

https://atsl.cee.vt.edu/products/runway-exit-design-
interactive-model--redim-1.html

Excel File

PDF File 
With Runway Exit 

Clusters used in REDM 4
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Runway Exit Design Tool Application in FAA Advisory Circular 150/5300-13B

Section 4.8.4.1 in FAA AC 150/5300-13B

Quick Runway Exit 
Design Curves using 

the REDIM Model
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Improvements to the FAA Aircraft Characteristics Database

Field in green have been completed

• Updated the existing Aircraft Characteristics Database (ACD) 
• Merged information collected in the development of the Runway Exit Tool project with Traffic Systems 

Management Count Data (TFMS-C) and FAA Flight Standards information 
• Update Taxiway Design Group (TDG) in the FAA ACD with new groups defined in FAA AC 150/5300-13B

Characteristics/Fields Characteristics/Fields
Main Gear Width (MGW) Outer to Outer Approach Speed (Vref)
Wheelbase Wingspan
Maximum Take-Off Weight (MTOW) Length
Main (Landing) Gear Configurations Class
Wake Category (Replaced with “ICAO Wake 
Turbulence Category”) Cockpit to Main Gear (CMG) Distance

ATCT Weight Class FAA Weight
Tail Height at Operating Empty Weight (OEW) Consolidated Wake Turbulence (CWT)
RECAT 1.5 Wake Category Same Runway Separation (SRS)
RECAT 2.0 Wake Category Appendix A ICAO Weight
RECAT 2.0 Wake Category Appendix B Land and Hold Short Operations (LAHSO)
Minimum Parking Area Sizing Total Operations 2021-2022
Maximum Landing Weight (MLW) Rotor Diameter
Manufacturer FAA Registry (Yes/No)
Model Registration Count
ICAO Code Taxiway Design Group (TDG)
Physical Class Engine Aircraft Design Group (ADG)
Number of Engines 
Aircraft Approach Category (AAC)

• 387 distinct aircraft types 
• 181,844 aircraft in FAA US registry  
• 56.5 million IFR operations (years 

2021-2022)
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Conclusions
• This project improved three products: 

• REDIM model 4 includes pilot motivation, improved runway exit definitions, and 
improved statistical distributions for individual aircraft (i.e., larger sampling 
datasets) 

• Landing Events Database (version 1.3.7) includes a larger dataset (32 million 
records), more airports covered (43 airports), and improved filters to facilitate 
runway operational analyses 

• Aircraft characteristics database (ACD) includes updated TDG groups, and 34 
validated fields 

• The project demonstrates that NEXTOR 3 products are useful to researchers and 
industry practitioners
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Possible Improvements to REDIM 4

• Ability to set multiple motivation factors by aircraft type. 
• Example: Boeing 737-8Max  

• 30% MF = 0.9, 40% MF = 1.1, and 30% MF 1.3 
• Ability to adjust PC Speeds and/or decelerations on exits.  

• This would allow for better “calibration” of the model by industry. For some 
airports like EWR 4L/22R,  REDIM overestimates PC Speeds on high-speed 
exits due to the close proximity of a parallel taxiway (i.e., 400 feet). 

• Add more flexibility to the “Improvement Case”.  
• Right now, REDIM can only place new exits between two consecutive existing 

exists.  
• Practitioners need the ability to place exits between any two exits instead and 

consider existing exits in between.
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Contact Information and Web Site
• For more information or questions about the tools 

presented you can contact us: 
• Nick Hinze (nhinze@vt.edu) 
• Toni Trani (vuela@vt.edu)
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