


Wind Forecast Driven
Trajectory Uncertainty in

Idle Descents
Thesis Report

by

Y.Q.F. Karelsz
to obtain the degree of Master of Science at the Delft University of Technology

to be defended publicly on July 1st, 2026 at 14:30

Student Number: 5087996

Project Duration: September 2025 – June 2026

Place: Faculty of Aerospace Engineering, Delft

Thesis Comittee
Chair: Ir. P.C. Roling

Supervisor TU Delft: Dr.ir. J. Ellerbroek

Supervisor KDC: F. Dĳkstra

External Examiner: Dr. F. Orefice

Cover: Pinterest-KLM Boeing 737 (Hendrik van Beuningen)[5]



Preface

“Do or do not, there is no try.”
– A childhood source of inspiration

This thesis marks the end of my academic journey of over two decades, from kindergarten all the way to

a degree in Aerospace Engineering. Looking back, it has been a wonderful, interesting, and at times

challenging experience.

I would like to thank my supervisors for their guidance throughout this project. I am grateful to

Ferdinand Dĳkstra for his enthusiasm and for motivating me to keep going, and to Joost Ellerbroek for

the fresh perspectives he provided whenever I got lost in my own work.

Furthermore, I would like to extend my gratitude to my fellow iLabs students, who brightened up the

long working days at LVNL. Of course, I would also like to thank my parents for their unconditional

support throughout the years, and for giving me the freedom to chase my dreams and goals.

This project has challenged me beyond what I thought I was capable of. In the process, however, it has

shown me what determination, curiosity, and perseverance can lead to. With that, I can confidently take

the next step in my career.

Yoari Karelsz

June 2026, Delft

i



Contents

Preface i

Nomenclature iv

General Introduction vi

Part A Scientific Paper 1
I Introduction 2

II Background 3
II-A Idle Descents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

II-B Trajectory Uncertainties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

II-C Research Gap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

III-A General Outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

III-B Equations of Motion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

III-C Aircraft Performance Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

III-D Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

III-E Idle Descent Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

III-F Meteorological Data and Wind Representation . . . . . . . . . . . . . . . . . . . . . . . . 7

III-G Validation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

III-H Arrival Scenario Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

III-I LoS Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

III-J Statistical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

IV Hypothesis 10

V Experimental Setup 10
V-A Experimental Variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

V-B Experimental Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

VI Results 11
VI-A Descent Wind Uncertainty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

VI-B Trajectory Uncertainty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

VI-C FMS Guidance Sensitivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

VI-D Operational Impact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

VI-E Statistical Analysis and Convergence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

VII Discussion & Conclusion 15
VII-A Key Findings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

VII-B Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

VII-C Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

VII-D Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

References 17

Part B Appendices 18
A Mass-Error Sensitivity Analysis 19

B Statistical Analysis 20

ii



Contents iii

Part C Research Proposal 21
1 Introduction 22

2 Schiphol Airport & ATM 23
2.1 Schiphol Airport . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.2 ATM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

3 Continuous Descent Operations 25
3.1 Continuous Descent Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

3.2 Continuous Descent Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

3.3 Fuel Benefits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.4 Flight Management Systems & FANS 1/A+ . . . . . . . . . . . . . . . . . . . . . . . . . . 29

4 Idle-Descents Predictability 31
4.1 Importance of Predictability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4.2 Control Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4.3 Influencing Variables and Impacts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

5 Research Foundations 38
5.1 Identified Knowledge Gaps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

5.2 Research Objective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

5.3 Research Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

5.4 Research Impact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

6 Research Plan 41
6.1 Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

6.2 Hypothesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

6.3 Planning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

References 44



Nomenclature

Abbreviations
Abbreviation Definition

ACC Area Control Centre

ADS-C Automatic Dependent Surveillance–Contract

AOC Airline Operation Control

APP Approach Control

ATC Air Traffic Control

ATM Air Traffic Management

BADA Base of Aircraft Data

CAS Calibrated Airspeed

CDA Continuous Descent Approach

CDO Continuous Descent Operation

CPDLC Controller–Pilot Data Link Communications

CTA Control Area

CTR Control Zone

EHAM ICAO airport code for Amsterdam Airport Schiphol

EPP Extended Projected Profile

ESF Energy Share Factor

ETA Estimated Time of Arrival

FANS 1/A Future Air Navigation System

FDR Flight Data Recorder

FIR Flight Information Region

FMS Flight Management System

FPA Flight Path Angle

GRIB GRIdded Binary

GND Ground Control

IAF Initial Approach Fix

ICAO International Civil Aviation Organization

KCAS Knots Calibrated Airspeed

KDC Knowledge Development Centre

KNMI Royal Netherlands Meteorological Institute

LNAV Lateral Navigation

LVNL Air Traffic Control the Netherlands

MUAC Maastricht Upper Area Control

OPD Optimized Profile Descent

OTA Oceanic Tailored Arrivals

RTA Required Time of Arrival

STAR Standard Terminal Arrival Route

TMA Terminal Maneuvering Area

TOD Top of Descent

TP Trajectory Predictor

TWR Tower Control

UTA Upper Control Area

VNAV Vertical Navigation

VPATH Vertical Path mode (VNAV)

VSPEED Speed Mode (VNAV)

WP Work Package

iv



Contents v

Symbols
Symbol Definition Unit

Latin symbols
� Aerodynamic drag [N]

� Expected value, i.e. statistical mean [–]

6 Surface gravity [m/s
2
]

� Altitude [m]

: Gain [–]

! Aerodynamic lift [N]

< Aircraft mass [kg]

C Time [s]

) Thrust [N]

�) Time deviation, actual minus predicted [s]

D� E Vector components [–]

+ Velocity magnitude [m/s]

+CAS Calibrated airspeed [m/s]

+g Ground speed [m/s]

+T True airspeed [m/s]

+V Vertical speed [m/s]

+wind Wind component along the flight path [m/s]

�+ Speed deviation, actual minus target [m/s]

G� H� � Inertial position components [m]
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General Introduction

Aviation faces the challenge of accommodating growing tra�c demand while reducing its environmental
impact. At major hub airports such as Amsterdam Airport Schiphol, this challenge is particularly complex
due to dense arrival streams, limited runway availability, and strict noise and emission constraints.
Improving arrival operations therefore requires procedures that reduce fuel consumption and noise,
while preserving the predictability and safety required for high-capacity air tra�c management.

Idle descent operations provide an important opportunity in this regard. By allowing aircraft to descend
continuously at or near idle thrust, fuel burn, noise, and unnecessary level segments can be reduced.
However, this e�ciency comes at the cost of reduced trajectory authority. During an idle descent,
the aircraft has limited means to correct deviations without deploying thrust or spoilers, making the
trajectory more sensitive to uncertainties in wind, aircraft performance, and �ight management system
behaviour.

This thesis focuses on the in�uence of descent wind forecast uncertainty on VNAV-PATH idle descents.
Wind errors a�ect the aircraft both directly, by changing the groundspeed, and indirectly, by introducing
energy-management errors that may appear as speed or path deviations. In dense arrival tra�c,
such deviations can reduce spacing predictability and may increase the likelihood of con�icts and
loss-of-separations.

To investigate these e�ects, a simulation framework is developed that combines aircraft performance
modeling, meteorological forecast data, reconstructed descent wind pro�les, and representative
Schiphol arrival scenarios. The framework is used to quantify how forecast horizon and wind pro�le
reconstruction a�ect idle descent trajectory uncertainty, and to assess how this uncertainty propagates
to operational metrics such as along-track error, speed deviations, idle descent completion, IAF delay,
and loss of separation.

The objective of this thesis is therefore to improve the understanding of idle descent trajectory uncertainty
and its operational consequences. By identifying how wind information and VNAV-PATH behaviour
in�uence descent predictability, the research contributes to the assessment of future arrival concepts in
which e�cient descent operations must be balanced with the demands of safe and predictable tra�c
management.

The report is structured as follows. Part A presents the scienti�c paper, which forms the main body
of this thesis. Additional results and supporting analyses are provided in Part B. Finally, the original
research proposal, which formed the starting point of this thesis, is included in Part C.
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