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Abstract  20 

This document provides the Cost Benefit Analysis (CBA) at V3 level for PJ.02-W2-14.3 – Increased 21 
Second Glide Slope (ISGS), which is an Enhanced Arrival Procedure (EAP). The associated OI Step is 22 
AO-0320: Enhanced approach operations using an increased second glide slope (ISGS). 23 

This deliverable includes the quantification and monetisation of costs and benefits associated to the 24 
implementation of the ISGS procedure at relevant airports across ECAC.  25 
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1 Executive Summary 138 

This document1 provides the V3 Cost Benefit Analysis (CBA) for SESAR Solution PJ.02-W2-14.3: 139 
Increased Second Glide Slope (ISGS), which is an Enhanced Arrival Operation (EAO) that uses a steeper 140 
second glide slope to the runway threshold.  141 

The Solution has validated to V3 level the Operational Improvement Step (OI Step) AO-0320: Enhanced 142 
approach operations using an increased second glide slope (ISGS). The CBA focuses on the deployment 143 
of the Solution at ECAC2-level and is not limited to the scope of the validation activities.  144 

Benefits 145 

The Solution will provide the following benefits during off-peak periods as the validation activities 146 
showed that deploying ISGS during peak periods results in a reduction of airport capacity. 147 

The expected ISGS benefits that are monetised in the CBA are: 148 

• Reduced environmental impact from Noise Reduction below the final approach in off-peak 149 
periods from the aircraft using the ISGS  150 

The noise benefits are based on the reduction in size of noise contours around the airport 151 
when implementing ISGS; this translates to a reduction in aircraft noise exposure for 152 
impacted residents. 153 

• Improvements in Fuel Efficiency (reduced fuel burn and CO2 emissions) and Time Efficiency 154 
in off-peak periods where ISGS enables an optimisation of the arrival flight profile for the 155 
aircraft types that can use it, which leads to a reduction in their arrival flying time for those 156 
on the ISGS. 157 

An airport will choose to deploy an increased second glide slope to a runway threshold to reduce the 158 
noise impact of arrival aircraft, especially at night, on local residents.  159 

Deployment is included for 32 capacity-constrained airports3 from the Very Large and Large operating 160 
environment categories (SESAR 2020 Airport Classification Scheme). These airports have been 161 
identified as potential candidates to deploy ISGS for noise related reasons. Other airports, from any 162 
category, that have a high population density under the final approach could deploy the solution and 163 
benefit from the noise reduction, however, the associated costs and benefits are not included in this 164 
CBA.  165 

CBA Results 166 

The Net Present Value (NPV) of 509 M€ reflects that the benefits from deploying this Solution are 167 
expected to exceed the costs of deploying and operating it. Confidence in the fuel and time efficiency 168 
benefits is medium as they are based on Fast Time Simulation results. Confidence in the noise results 169 
is low to medium as they generalise the benefits calculated from the noise simulations produced in 170 
the Wave 1 Solution PJ.02-02 ‘Enhanced Arrival Procedures’. 171 

                                                           
1 The opinions expressed herein reflect the authors’ view only. Under no circumstances shall the SESAR 3 Joint Undertaking 
be responsible for any use that may be made of the information contained herein. 

2 European Civil Aviation Conference 

3 The airport names are not provided as they were chosen based on criteria and have made no commitment to deploy. 
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The NPV has been calculated with an 8% discount rate over the period 2022 to 2043, with PJ.02-W2-172 
14.3 being deployed between 2025 and 2030 and with benefits starting to be realised from late 2026. 173 
The payback year is 2027, which reflects when the cumulative net benefits will exceed the costs.  174 

The sensitivity analysis shows that even if the costs doubled and the benefits set to their low values, 175 
the deployment, as described in the CBA Solution Scenario, would still have a positive NPV of 133 M€. 176 

Costs 177 

On the cost side the deployment of ISGS will require ANSPs4 and Airport Operators to invest.  178 

• ANSP costs are based on tools or procedures to provide approach controllers with the ability 179 
to assign approach procedures and for aerodrome (TWR) controllers to know what has been 180 
assigned, including the associated training, and meeting the regulatory provisions  181 

• Airport Operator costs relate to installing a second PAPI (precision approach path indicator) 182 
for the ISGS 183 

Noting that the CBA includes the cost for one additional PAPI per candidate airport so if an 184 
airport were to deploy ISGS at multiple runway ends then these costs would increase. 185 

Some of the enablers required for this Solution will also enable other Solutions; however, the full 186 
enabler costs have been included in this CBA as a conservative approach.  187 

While not included in the CBA, approach guidance is required for the operation of ISGS. This can be 188 
RNP (Required Navigation Performance), SBAS (Satellite Based Augmentation System) or GBAS 189 
(Ground Based Augmentation System). RNAV (Required Vertical Navigation Performance) guidance is 190 
also considered because it is anticipated that in 2025 most aircraft will be able to follow RNAV 191 
procedures, whereas only 25% of the fleet is expected to be GBAS-equipped.  192 

Recommendations and next steps 193 

PJ.02-W2-14.3: Increased Second Glide Slope (ISGS) is a solution that an airport could choose to deploy 194 
if they face noise issues around the airport during off-peak periods, especially at night. However, each 195 
airport needs to assess if this Solution is the best way to meet their operational needs and they should 196 
develop their own CBA based on their specific infrastructure, operations, layout, etc. to assess the 197 
scale of their potential benefits. They should also review related solutions, such as PJ.02-W2-14.2 198 
Second Runway Aiming Point and PJ.02-W2-14.5 Increased Glide Slope to Second Runway Aiming 199 
Point, which can also offer capacity benefits during peak hours, to ensure they deploy the most 200 
appropriate solution for their needs.  201 

 202 

                                                           
4 It is assumed that air traffic control (ATC) systems located at airports are owned by the ANSPs that provide the service; 
ANSPs are therefore assigned the relevant upgrade costs of these systems in the CBA. In reality the situation will differ across 
airports as some airports may own the systems. 
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2 Introduction 203 

2.1 Purpose of the document 204 

This document provides the Cost Benefit Analysis (CBA) for SESAR Solution PJ.02-W2-14.3 Increased 205 
Second Glide Slope (ISGS), which is an Enhanced Arrival Procedure (EAP) that has been validated to 206 
V3 level. The CBA looks at the affordability of deploying the ISGS solution with respect to its expected 207 
benefits. 208 

This V3 CBA considers the impacts, benefits and costs of deploying the solution at ECAC-level. It 209 
includes the Net Present Value (NPV) for the Solution and per impacted stakeholder group, as well as 210 
a sensitivity analysis to identify the most critical variables to the value of the project.  211 

2.2 Scope 212 

Deploying ISGS will result in two glides slopes being active simultaneously to a single runway 213 
threshold. The aircraft flying on the higher slope should generate less noise under the final approach. 214 

Deploying an Increased Second Glide Slope is expected to provide benefits in terms of: 215 

• Reduced environmental impact from Noise Reduction below the final approach in off-peak 216 
periods for aircraft using the ISGS 217 

• Improvements in Fuel Efficiency (reduced fuel burn and CO2 emissions) and Time Efficiency 218 
in off-peak periods where ISGS enables an optimisation of the arrival flight profile for the 219 
aircraft types that can use it, which leads to a reduction in their arrival flying time for those 220 
on the ISGS. 221 

This PJ.02-W2-14.3 V3 CBA provides the costs and benefits of the ISGS Solution Operational 222 
Improvement Step (OI Step AO-0320) and associated enablers; see section 3.2. It considers the 223 
standalone deployment of the Solution, i.e. independently from any other SESAR Solution(s). This 224 
means that the costs of any enablers that also enabler other solutions are fully included here. 225 

The CBA covers the period from 2022 to 2043. The Solution is assumed to be available to deploy from 226 
2025, with initial benefits starting in late 2026 and full benefits from 2030. The CBA includes 32 227 
airports, from the Very Large and Large categories [10], which have been identified as candidates for 228 
deployment. Airports in other categories, especially Medium, could also benefit from noise reduction. 229 
The scale of an airport’s benefits will depend on the population density around the airport. The 230 
associated costs and benefits for these other airports are not included in this CBA. 231 

2.3 Intended readership 232 

The intended readership for this document includes: 233 

• PJ.02-W2-14.3 project members 234 

• PJ.02 Increased Runway and Airport Throughput – Other Solution partners 235 

• PJ.19 – who provides inputs such as the assumptions and who will consolidate the CBA results 236 
(where required by PJ.20) 237 

• PJ.20, in its role of Master Plan Maintenance project 238 

• PJ.22 - System Engineering Data Management Framework (SE-DMF) 239 

• SESAR Programme Management 240 
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• Stakeholders (ANSPs and airports) interested in deploying this solution  241 

• Airspace Users (Scheduled Airlines, Business Aviation) interested in the deployment of this 242 
solution 243 

2.4 Structure of the document 244 

This report is structured as follows:  245 

• Section 1 provides the executive summary 246 

• Section 2 provides the scope, intended readership, structure, background, glossary of terms 247 
and acronyms 248 

• Section 3 presents the objectives and scope of this CBA, including a description of the ISGS 249 
Solution, information on the main stakeholders and descriptions of the CBA scenarios 250 

• Section 4 describes the benefits and how they are monetised as well as a view on the overall 251 
contribution to Key Performance Indicators (KPIs) 252 

• Section 5 details the costs along with the cost approach per stakeholder group and the 253 
associated assumptions 254 

• Section 6 includes the CBA model and information on the sources of data used to feed it 255 

• Section 7 provides the CBA results 256 

• Section 8 includes sensitivity 257 

• Section 9 includes recommendations and next steps 258 

• Section 10 includes the references and applicable documents. 259 

• The appendices provide a visual representation of the solution concept, the rationale for using 260 
an 8% discount rate and the mapping between ATM Master Plan Performance Ambition KPAs 261 
(Key Performance Areas) and SESAR 2020 Performance Framework KPAs, Focus Areas and 262 
KPIs. 263 

2.5 Background 264 

The PJ.02-W2-14.3 ISGS solution builds on the PJ.02-02 Solution “Enhanced Arrival Procedures” from 265 
SESAR 2020 Wave 1. PJ.02-02 considered a group of five Enhanced Arrival Procedures (EAP). In Wave 266 
2 each EAP has been defined as a separate Solution: 267 

• PJ.02-W2-14.1 (AO-0308) Closely Spaced Parallel Runways optimised operations using 268 
Staggered Thresholds (CSPR-ST) – frozen in Wave 2 269 

• PJ.02-W2-14.2 (AO-0319) Enhanced Arrival procedures using Second Runway Aiming Points 270 
(SRAP)  271 

• PJ.02-W2-14.3 (AO-0320) Enhanced Arrival procedures using Increased Glide Slope (ISGS) – 272 
focus of this CBA 273 

• PJ.02-W2-14.4 (AO-0321) Enhanced Arrival procedures using Adaptive Increased Glide Slope 274 
(A-IGS) - frozen in Wave 2 275 

• PJ.02-W2-14.5 (AO-0331) Enhanced Arrival Procedure using an Increased Second Glide Slope 276 
to a Second Runway Aiming Point (IGS-to-SRAP) 277 

As each Solution is separate, they each have a stand-alone CBA (PJ.02-W2-14.2 SRAP, PJ.02-W2-14.3 278 
ISGS and PJ.02-W2-14.5 ISGS-to-SRAP) developed from the PJ.02-02 CBA deliverable [18] from Wave 279 
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1 that included a consolidated analysis for the five EAP concepts. The CBA is based on nominal 280 
conditions and so the non-nominal validation exercises performed in SESAR 2020 Wave 2 have not 281 
provided additional inputs for this CBA. 282 

The PJ.02-02 Solution built on validation work produced during SESAR 1 for projects: 283 

• P06.08.08 D07 – Enhanced Arrival Procedures Enabled by GBAS - OSED Consolidation [14] and, 284 

• P06.08.05 D04 – Operational Service and Environment Definition (OSED) Displaced Thresholds 285 
[15]. 286 

2.6 Glossary of terms 287 

Term Definition Source of the definition 

Benefit A Benefit is the positive value of the return on 
investment for (some or all) stakeholders. 

SESAR 16.06.06 - Methods to 
Assess Costs and Monetise 
Benefits for CBAs (D26, 
Edition 00.02.02, July 2016) 

Benefit and Impact 
Mechanism 

A Benefit and Impact Mechanisms a cause-effect 
description of the positive and negative impacts of 
the Solution proposed by the project 

SESAR 16.06.06 – Guidelines 
for Producing benefit and 
Impact Mechanisms (D26_04, 
Edition 03.00.00) 

Business Case A Business Case is a tool for decision-makers, it aims 
to provide them with the information they need to 
make a fully informed decision on whether funding 
should be provided and/or whether an investment 
should proceed. 
A Business Case is much more than just a financial 
analysis as it also includes quantitative and 
qualitative arguments on performance and 
transversal activities that are key to determining the 
value of the project. 

SESAR 16.06.06, SESAR 
Business Case Example – 
Remote Tower, D48, Edition 
00.01.02, 06/05/14 

Cash Flow Cash flow is the difference between the cash inflows 
and outflows related to the project during the time 
horizon in which they occur. 

SESAR 16.06.06 - ATM CBA for 
Beginners, D26-01, October 
2014 

Cost A Cost is the monetary value of an investment used 
up to produce or acquire the benefit. 

SESAR 16.06.06 - Methods to 
Assess Costs and Monetise 
Benefits for CBAs (D26, 
Edition 00.02.02, July 2016) 

Cost Benefit Analysis A Cost Benefit Analysis is a process of quantifying in 
economic terms the costs and benefits of a project 
or a program over a certain period, and those of its 
alternatives (within the same period), in order to 
have a single scale of comparison for unbiased 
evaluation.  
A CBA is a neutral financial tool that helps decision 
makers to compare an investment with other 
possible investments and/or to make a choice 
between different options / scenarios and to select 
the one that offers the best value for money while 
considering all the key criteria for the decision. 

SESAR 16.06.06, SESAR 
Business Case Example – 
Remote Tower, D48, Edition 
00.01.02, 06/05/141  
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Cost mechanisms Cost mechanisms are a description of the potential 
costs of the project broken down into relevant cost 
categories (e.g. investment, operating). 

SESAR 16.06.06, ATM CBA for 
Beginners, D26-01, October 
2014 

Discount Rate Discount Rate is a way to capture the time value of 
money. This is a percentage that represents the 
increase in the amount of money needed or 
estimated to keep the same value as one year ago. 

SESAR 16.06.06, ATM CBA for 
Beginners, D26-01, October 
2014 

Initial Operational 
Capability 

Initial Operational Capability is the state archives 
when a capability is available in its minimum usefully 
deployable form. In other words, it identifies the 
start of benefits and the benefit ramp-up period. 

16.06.06-D68-New CBA 
Model and Method 2015- 
Part1 of 2 

Inflation Inflation is a rise in the general level of prices of 
goods and services in an economy over a period of 
time. 

SESAR 16.06.06, ATM CBA for 
Beginners, D26-01, October 
2014 

Net Present Value 
(NPV) 

Net Present Value (NPV) is the sum of all discounted 
cash inflows and outflows during the time horizon 
period. 

SESAR 16.06.06, ATM CBA for 
Beginners, D26-01, October 
2014 

Sensitivity Analysis Sensitivity refers to the impact one given input to 
the model has on the overall NPV. 

SESAR 16.06.06, ATM CBA for 
Beginners, D26-01, October 
2014 

Stakeholders Stakeholders are organizations and entities who will 
have to pay for or will be impacted by the project 
directly or indirectly. 

SESAR 16.06.06, ATM CBA for 
Beginners, D26-01, October 
2014 

Time Horizon Time horizon refers to a definite period during which 
all cost and benefits related to a given project occur. 

SESAR 16.06.06, ATM CBA for 
Beginners, D26-01, October 
2014 

Time Value of Money Time Value of Money means that the same 
(nominal) amount of money received at different 
points in time has different value 

SESAR 16.06.06, ATM CBA for 
Beginners, D26-01, October 
2014 

Wake Turbulence Wake turbulence is a function of an aircraft 
producing lift, resulting in the formation of two 
counter-rotating vortices trailing behind the aircraft. 
Wake turbulence from generating aircraft can affect 
encountering aircraft due to the strength, duration, 
and direction of the vortices. 

PJ.02-01 partners 

Wake Vortex  Wake vortex is a circular pattern of rotating air left 
behind a wing as it generates lift. 

PJ.02-01 partners 

Table 1: Glossary of terms 288 

 289 

2.7 List of Acronyms 290 

Acronym Definition 

ACC Area Control Centre 

AART Airport Airside and Runway Throughput 

AERO Aerodrome 

A-IGS Adaptive Increased Glide Slope 
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Acronym Definition 

ANS Air navigation services 

ANSP Air Navigation Service Provider 

AO Airport Operator 

APP Approach Centre 

APT Airport 

APV-Baro Approach Procedures with Vertical Guidance (using barometric altitude info) 

APV-SBAS Approach Procedures with Vertical Guidance (using barometric altitude info) 

ATC Air Traffic Control 

ATCO Air Traffic Controller 

ATM Air Traffic Management 

ATS Air Traffic Services 

AU Airspace User 

AUC Airspace User Costs 

BA Business Aviation 

BIM Benefit and Impact Mechanisms 

CAP Capacity 

CAPEX5 Capital Expenditure 

CBA Cost Benefit Analysis 

CEF Cost Effectiveness 

CMC Civil Military Coordination 

CO2 Carbon dioxide 

CP1 Common Project 1 

CSPR-ST Closely Spaced Parallel Runways - Staggered Thresholds 

db decibel 

DS Data Set 

EAO Enhanced Arrival Operations 

EAP Enhanced Arrival Procedures 

EATM European ATM (Portal, database, dataset) 

EATMA European ATM Architecture 

EC European Commission  

ECAC European Civil Aviation Conference 

EN Enabler 

ENV Environment (KPA) 

                                                           
5 Note that the term CAPEX has been used in the CBA Report to indicate all the investments (pre-implementation and 
implementation costs). 
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Acronym Definition 

ER En-route 

EU European Union  

EUR Euro 

EUROCONTROL European Organisation for the Safety of Air Navigation 

FAP Final Approach Point 

FEFF Fuel Efficiency 

FLX Flexibility 

FOC Final Operating Capability / Flight Operations Centre 

G2G Gate to Gate 

GAT General Air Traffic 

GBAS Ground-Based Augmentation System 

H High complexity (En-route/Terminal Airspace classification) 

H2020 Horizon 2020 

HC High complexity (airport) 

HP Human Performance 

HUM Human (enabler) 

ICAO International Civil Aviation Organization 

IGS Increased Glide Slope 

IGS-to-SRAP Increased Glide Slope to a Second Runway Aiming Point 

ILS Instrument Landing System 

INTEROP Interoperability 

IOC Initial Operating Capability 

IR Industrial Research 

ISGS Increased Second Glide Slope 

IT Information Technology 

KG (kg) Kilogram 

KM Kilometre 

KPA Key Performance Area 

KPI Key Performance Indicator 

L Large (Airport classification) / Low complexity (En-route/Terminal Airspace 
classification) 

LC Low complexity (airport) 

Lden Day-evening-night noise level 

M Medium (Airport classification) / Medium complexity (En-route/Terminal Airspace 
classification) 

M€ Millions of euros 

NM Network Manager / Nautical Mile 
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Acronym Definition 

NOI Noise  

NPV Net Present Value 

NSA National Supervisory Authority 

O Optional (enabler) 

OE Operating Environment 

OI Operational Improvement 

OPEX Operating Expenditure (Considers Changes in Operating Costs) 

ORD Optimised Runway Delivery (Tool) 

OSED Operational Service and Environment Definition 

PAGAR Performance Assessment And Gap Analysis Report  

PAPI Precision Approach Path Indicator 

PAR Performance Assessment Report 

PAX Passengers 

PI Performance Indicator 

PJ Project 

PRD Predictability 

PUN Punctuality 

R Required (enabler) 

R&D Research and Development 

RECAT Wake Turbulence Re-categorisation 

REG Regulation (enabler) 

RES Resilience 

RNAV Area Navigation 

RNP Required Navigation Performance 

S Small (Airport classification) 

S3JU SESAR3 Joint Undertaking 

SA Scheduled Aviation 

SAF Safety 

SBAS Satellite-based Augmentation Systems 

SEC Security 

SESAR Single European Sky ATM Research Programme 

SJU SESAR Joint Undertaking  

SOL Solution 

SPR Safety and Performance Requirements 

SRAP Second Runway Aiming Point (SRAP) 

STATFOR EUROCONTROL Statistics and Forecasts Service 



PJ.02-W2-14.3 CBA FINAL 

Page 17 

Acronym Definition 

STD Standardisation (enabler) 

sWP Sub-Work Package 

TEFF Time Efficiency (KPA) 

TMA Terminal Manoeuvring Area 

V3 Pre-industrial development and integration stage of the Concept Lifecycle Model (E-
OCVM) 

VH Very High complexity (En-route/Terminal Airspace classification) 

VL Very Large (Airport classification) 

VLD Very Large Demonstration 

VT Validation Target 

W1 SESAR 2020 Wave 1 

W2 SESAR 2020 Wave 2 

WHO World Health Organisation 

WP Work Package 
Table 2: List of acronyms 291 
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3 Objectives and scope of the CBA 292 

3.1 Problem addressed by the solution 293 

One problem, currently faced by many airports is the noise impact of aircraft flying ILS (Instrument 294 
Landing System) approaches, especially during the night. This noise impact is a major limitation that 295 
constrains the operations at some airports because most airports provide straight-in ILS precision 296 
approaches on a standard 3-degree glide slope. Such an approach obliges aircraft to fly low close to 297 
the airport, which is generally over built-up, often residential, areas. The aircraft are not always able 298 
to follow trajectories that allow optimum flap settings and engine thrust for both fuel consumption 299 
and noise. 300 
An Increased Second Glide Slope can help address this problem as aircraft on the ISGS remain higher 301 
for longer which will reduce the noise below the final approach. 302 

3.2 SESAR Solution description 303 

The Solution description in EATMA (DS23 draft) is:  304 

This solution introduces an increased second glide slope (ISGS) as a new concept of enhanced 305 
approach operations. ISGS helps reduce the environmental impact by the use of two glide slopes active 306 
simultaneously. 307 
By doing so, the environmental impact should be reduced as aircraft flying on the higher slope should 308 
generate less noise. 309 

The following description is based on the Solution description from the OSED, section 3.1 [21]. 310 

An Increased Second Glide Slope (ISGS) will allow inbound aircraft to reduce their noise footprint 311 
(environmental benefit). ISGS procedures are published approaches which feature a glide slope 312 
between the "standard" published one (commonly 3 degrees) and 4.49 degrees (limit above which 313 
steep approach concept applies) in order to provide a significant reduction in ground noise level (order 314 
of magnitude: -3 dBA in approach between 15 NM and 4 NM from runway threshold); see Appendix 315 
A. The increased final glide slope (published as an alternate final procedure) can be captured before 316 
the Final Approach Point (FAP) at any time during the approach phase with the ISGS procedure.  317 

ISGS is expected to reduce noise around the airport during off-peak periods and was validated for 318 
operations during the night using only standard procedures. The reason ISGS is only proposed for off-319 
peak periods is that for some aircraft pairs the separation needs to be increased, which reduces 320 
runway throughput. This increase in separation is a function of the traffic mix, the sequence, the glide 321 
slope allocation, and the local standard separation minima applied at the airport. For some aircraft 322 
pairs the separation increase is ‘limited’ while for others it is ‘very significant’ which relates to the 323 
level of impact on the runway throughput.  It is worth noting that a separation delivery tool (ORD) 324 
could limit that runway throughput reduction, but not enough to consider using ISGS in peak periods.  325 

All this means that it is likely to be much more efficient, applicable and beneficial to use ISGS during 326 
off-peak, especially night, operations when the traffic pressure allows for runway throughput 327 
reduction and the noise constraints are the highest. Under these conditions, a separation delivery tool 328 
(ORD) is not needed since a conservative separation can be applied because of the low traffic pressure.  329 

It should be noted that, although that ISGS concept is primarily based on mixed usage of the slopes, 330 
airports could implement ISGS operations for noise purpose considering that there are periods of the 331 
day during which all or almost all incoming traffic may be able to fly the ISGS approach procedure, 332 
hence having no negative impact on capacity since consecutive approaches on ISGS can be separated 333 
by standard wake minima, avoiding increased wake separation during these periods. However, this 334 
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will only be possible if all the traffic during that period will be able to fly the ISGS, and that will depend 335 
on the published ISGS slope and on whether the traffic capability and equipage levels are compatible 336 
with the navigation guidance used for the ISGS procedure (e.g. GBAS and/or SBAS and/or RNP Baro-337 
VNAV). 338 

Table 3 provides the OI Step associated with ISGS. 339 

SESAR Solution ID OI Steps ref.  OI Steps definition  

PJ.02-W2-14.3 AO-0320 Enhanced Approach Operations using Increased Second Glide 
Slope (ISGS) 

Table 3: SESAR Solution PJ.02-W2-14.3 OI step 340 

Costs and benefits are both calculated on the assumption that all required enablers are deployed by 341 
the relevant stakeholders. Optional enablers are not included in the cost assessment, although they 342 
are provided in Table 4 for completeness. 343 

                                                           
6 This includes System, Procedural and Human Enablers 

Enabler 6 ref. Enabler definition Applicable stakeholders 

AERODROME-ATC-102 
(R) 

Aerodrome ATC system to support 
final approach operations (distinguish 
approach procedures) 

Air Navigation Service Provider 
- Civil ATS Aerodrome Service Provider 
- Military ATS Aerodrome Service Provider 

AIRPORT-53 (R) PAPI for ISGS approach procedures Airport Operator 
- Civil APT operator 
- Military APT operator 

APP ATC 170 (R) Approach ATC system upgraded to 
support approach procedure 
assignment 

Air Navigation Service Provider 
- Civil ATS Approach Service Provider 
- Military ATS Approach Service Provider 

HUM-022 (R) Flight Crew training for ISGS approach Airspace User 
- Civil Scheduled Aviation 
- Civil Business Aviation-Fixed Wing 
- Civil General Aviation 
- Military Transport 
- Military Fighter 
- Military Light Aircraft 

HUM-032 (R) ATC training for ISGS approach Air Navigation Service Provider 
- Civil ATS Aerodrome Service Provider 
- Civil ATS Approach Service Provider 
- Military ATS Aerodrome Service Provider 
- Military ATS Approach Service Provider 

 A/C-86 (O) On-board assistance to aircraft energy 
management 

Airspace User 
- Civil Scheduled Aviation 
- Civil Business Aviation-Fixed Wing 
- Civil General Aviation 
- Military Transport 
- Military Fighter 
- Military Light Aircraft 
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Table 4: AO-0320 related Enablers 344 

The institutional enablers, REG-0530 and STD-113, listed in the Wave 1 PJ.02-02 CBA, have been 345 
allocated to system and human enablers in the more recent datasets. They are listed in Table 6 to give 346 
a link to the Wave 1 PJ02-02 CBA. 347 

Table 5: AO-0320 Institutional Enablers 348 

For PJ.02-W2-14.3, REG-0530 and STD-113 need to be in place before the solution can become 349 
operational. 350 

• For REG-0530, the regulatory provisions (produced by the competent regulatory authority) 351 
relate to wake separation minima when applying Increased Second Glide Slope (ISGS) 352 
procedures. These regulatory provisions consist of a minimum arrival separation table 353 
expressed in distance or/and time depending on the aircraft type/category and procedure 354 
respectively used by leader and follower (ISGS / normal ILS approach). 355 

"Regulatory provisions" refers here to advice from the regulatory authorities on the 356 
acceptability of a safety case supporting an ATM rule modification. 357 

• For STD-113 the introduction of the Increased Second Glide Slope concept, will require 358 
updates to both: 359 

o EASA Aerodrome regulation 139/2014 acceptable mean of compliance (AMC)  360 
o ICAO Annex 14  361 

relating to visual ground aids (second PAPI installation for the same runway threshold).  362 

3.3 Objectives of the CBA 363 

This V3 Cost Benefit Analysis helps to build an assessment of whether PJ.02-W2-14.3 is worth 364 
deploying from an economic perspective for the involved stakeholders.  365 

 A/C-87 (O) On-board assistance to flare Airspace User 
- Civil Scheduled Aviation 
- Civil Business Aviation-Fixed Wing 
- Civil General Aviation 
- Military Transport 
- Military Fighter 
- Military Light Aircraft 

AERODROME-ATC-71 
(O) 

Aerodrome ATC System to support 
ISGS operations (separation delivery) 

Air Navigation Service Provider 
- Civil ATS Aerodrome Service Provider 
- Military ATS Aerodrome Service Provider 

APP ATC 114 (O) Approach ATC System to support ISGS 
operations (separation delivery) 

Air Navigation Service Provider 
- Civil ATS Approach Service Provider 
- Military ATS Approach Service Provider 

Enabler  ref. Enabler definition Applicable stakeholders 

REG-0530 

Allocated to HUM-032 (R), AERODROME-
ATC-71 (O), APP ATC 114 (O) 

Regulatory provisions for Increased 
Second Glide Slope operations (ISGS) 

Institutional enabler - 
unassigned in DS23 
draft 

STD-113 

Allocated to HUM-022 (R), HUM-032 (R), 
AIRPORT-53 (R) 

Update of EASA/ICAO regulatory 
frameworks for new visual ground aids 
(ISGS) 

Institutional enabler - 
unassigned in DS23 
draft 
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The objective is to provide an assessment of the costs and benefits of deploying increased second 366 
glide slopes (ISGS) at the 32 airports that have been included in the ECAC-level CBA Solution Scenario. 367 
These airports are not named in the CBA to avoid the implication that those airports have made any 368 
commitment to deploy PJ.02-W2-14.3. 369 

This CBA assesses whether the benefits of the deployed Solution are expected to exceed the costs 370 
over the CBA time horizon (up to 2043). It does this using discounted cash flow analysis which provides 371 
the Net Present Value (NPV) for the Solution and per stakeholder group. As there is a positive NPV, 372 
the break-even year and payback period are provided; respectively, these are the year from which the 373 
benefits will cover the costs incurred and the number of years from the start of the project before this 374 
occurs. 375 

The CBA results are also explored through a sensitivity analysis to assess the impact on the NPV of 376 
changes to the input values, e.g. a doubling of the costs or a halving of the benefits.  377 

As the CBA provides results at ECAC-level it does not provide sufficient detail to support individual 378 
deployment decisions that must take into account the local environment/situation (e.g. current 379 
operational systems, their lifespan(s), replacement timing, etc.). However, interested parties can take 380 
the mechanisms and inputs used here and refine them for their local CBAs, if appropriate.  381 

3.4 Stakeholders identification 382 

The CBA results are presented at solution level and individually from the viewpoint of each impacted 383 
stakeholder group, i.e. those that need to invest and those who will receive benefits from the Solution. 384 

In summary the key stakeholders for PJ.02-W2-14.3 are: 385 

• ANSPs providing approach (APP) and tower (AERO) services at the deploying airports 386 
• Airport Operators at the deploying airports 387 
• Airspace Users7 who operate at the deploying airports 388 
• Society focused on the inhabitants living around the deploying airports 389 

Table 6 describes how each stakeholder is impacted by the ISGS solution in terms of costs and benefits. 390 

Note that the key inputs for the PJ.02-W2-14.3 CBA come from the ISGS related data from SESAR 2020 391 
Wave 1 PJ.02-02 as no additional performance data will be produced by the Wave 2 validation 392 
activities. Cost data was originally provided by PJ.02-02 members and has been reviewed in Wave 2 393 
with Airport Operator costs being updated. 394 

Stakeholder Type of 
stakeholder 
and/or 
applicable 
sub-OE 

Type of Impact  Involvement 
in the CBA 
task 

Quantitative 
results 
available in 
the CBA  

ANSPs ATCOs, 
Terminal 
Airspace 
(APP) and 
Tower 
Control 

Benefits: no benefits 
Costs: implementation of the controller 
tools and procedures to provide 
approach controllers with the ability to 
assign approach procedures and for 

PJ.02 partners 
providing cost 
inputs  

Costs  

                                                           
7 Note that the terminology used to describe AU stakeholders in the CBA differs from that associated with Enablers in the 
dataset. This is due to costing being provided for different types of aircraft regardless of the operations they perform.  
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Stakeholder Type of 
stakeholder 
and/or 
applicable 
sub-OE 

Type of Impact  Involvement 
in the CBA 
task 

Quantitative 
results 
available in 
the CBA  

Centres 
(AERO) 

aerodrome (TWR) controllers to know 
what has been assigned, also includes 
the associated training 

Airport 
Operators 

Very Large 
and Large 
Airports 

Benefits:  Noise reduction in the areas 
close to the airport could reduce 
capacity restrictions due to noise (during 
off-peak periods, especially at night) 
allowing an improved quality of service 
to AUs 
Costs: investments are needed for the 
PAPI (Precision Approach Path Indicator) 
for the ISGS 

No 
involvement 

Costs 

Network 
Manager 

Network for 
NM 

Benefits: no benefits 
Costs: no costs as there are no changes 
to NM systems or operations 

No 
involvement 

No costs or 
benefits  

Airspace Users: 
Scheduled 
Airlines 
(Mainline and 
Regional) / 
Business 
Aviation 

Flight Crew, 
Safety 
Department 

Benefits: time efficiency and fuel 
efficiency associated optimised arrival 
profiles for aircraft that use the ISGS. 
Where applicable, AU less likely to incur 
fines related to noise infringements. 
Costs: no costs included as using a 
steeper glide slope is included in current 
flight crew training 

No 
involvement 

Benefits 

Regulation 
Authority 
- Approve new 
operations 

National 
Supervisory 
Authority 
(NSA) / 
Ministry of 
Transport 

Benefits: no benefits 
Costs: no costs for regulatory 
authorities, the cost for regulation 
drafting are taken into account in the 
ANSP costs 

No 
involvement 

Stakeholder 
not included in 
the CBA 
No costs or 
benefits 

Society  Communities 
around 
airports  

Benefits: Communities around airports 
are interested in environmental 
benefits, especially noise reduction, 
coming from the implementation of the 
ISGS solution 
Costs: no costs 

No 
involvement 

Noise 
reduction 
benefits 

Table 6: SESAR Solution PJ.02-W2-14.3 CBA Stakeholders and impacts 395 

3.5 CBA Scenarios and Assumptions 396 

This section describes the scenarios that are compared in the CBA. The comparison is between the 397 
CBA Reference scenario (where the Solution is not deployed - the orange box in Figure 1) and the 398 
Solution scenario (reflecting the proposed deployment of the Solution at applicable locations across 399 
ECAC - the green box in Figure 1). The CBA uses a delta approach where the focus is on the costs and 400 
benefits associated with the ECAC-level deployment of the solution, i.e., with the changes from the 401 
CBA Reference Scenario. 402 
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Defining the CBA Reference Scenario has proven to be very challenging for many Solutions because of 403 
the assumptions that need to be made regarding the ‘ongoing deployments’ (blue arrow in Figure 1). 404 
To avoid being blocked by this issue this V3 CBA is currently based more on the difference between 405 
the current situation (2022) and the CBA Solution Scenario. 406 

 407 

Figure 1: Scenario Overview 408 

3.5.1 CBA Reference Scenario  409 

The CBA Reference Scenario reflects the future situation where ISGS is not deployed.  410 

It is assumed that any relevant Common Project 1 (CP1) elements have been deployed at applicable 411 
airports in line with the SESAR Deployment Programme planning.  412 

For the wake turbulence schemes, the current operational environment is assumed in the CBA 413 
Reference Scenario i.e. RECAT-EU8 and ICAO9 (3 categories+A380). Relevant benefits are assessed 414 
from this starting point. 415 

3.5.2 CBA Solution Scenario  416 

The deployment of the Solution involves the implementation of the enablers listed in section 3.2, 417 
which include: 418 

• a PAPI for the increased glide slope (Airport-53 (R)) 419 

                                                           
8 RECAT-EU: European Wake Turbulence Categorisation and Separation Minima on Approach and Departure (applicable 
scheme at Charles de Gaulle and London Heathrow) 

9 ICAO Wake Turbulence Scheme https://www.skybrary.aero/index.php/ICAO_Wake_Turbulence_Category (applicable 
scheme at all other airports) 

RECAT-EU:%20European%20Wake%20Turbulance%20Categorisation%20and%20Separation%20Minima%20on%20Approach%20and%20Departure
https://www.skybrary.aero/index.php/ICAO_Wake_Turbulence_Category
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• A controller tool to support final approach operations (Aerodrome-ATC-102 (R), APP ATC 170 420 
(R))  421 

• ATCO training (HUM-032 (R)) 422 

• Flight crew training (HUM-022 (R)) 423 

The 32 candidate airports included in the CBA Solution Scenario are assumed to deploy ISGS to achieve 424 
the noise reduction benefits. The airports come from the Very Large and Large airport categories [10]. 425 
Airports in other categories, especially Medium, could also benefit from noise reduction. The scale of 426 
an airport’s benefits will depend on the population density around the airport. The associated costs 427 
and benefits for these other airports are not included in this CBA. 428 

The main cost and benefit inputs for the PJ.02-W2-14.3 CBA are taken from the SESAR 2020 Wave 1 429 
PJ.02-02 CBA [18]. For the benefits there is no additional performance data from the Wave 2 validation 430 
activities. The Performance Assessment Report [22] was developed from the Wave 1 PAR [17] and 431 
assesses the achievement of the solution based on the Wave 1 PJ19.04 common assumptions. It 432 
includes some results aggregated to ECAC-level. The cost data was originally provided by PJ.02-02 433 
members and has been reviewed in Wave 2 with Airport Operator costs being updated for Airport-53 434 
(PAPI). 435 

CBA timeline 436 

The CBA covers the period from 2022 to 2043 as defined by PJ19.04; this mean that Net Present Value 437 
is calculated by discounting the cash-flows back to 2022 (the end of Wave 2). 438 

The table below lists the key dates used in the CBA and Figure 2 shows them over a timeline. 439 

Dates ISGS 

Start of deployment date: the start of investments for the first deployment location 2025 

End of deployment date: the end of the investments for the final deployment location, same 
as FOC 2030 

Initial Operating Capability (IOC): the time when the first benefits occur following the 
minimum deployment necessary to provide them. Costs continue after this date as further 
deployment occurs at other locations. 

Late 2026 

Final Operating Capability (FOC): Maximum benefits from the full deployment10 of the 
Solution at applicable locations. Investment costs are considered to end11 here although any 
operating cost impacts would continue. 

2030 

Table 7: CBA Investment and Benefit Dates 440 

                                                           
10 Where full deployment means deploying the Solution in all the locations where it makes sense to deploy it (i.e., it does 
not mean it has to be deployed everywhere) 

11 The basic assumption is that infrastructure does not need to be replaced during the CBA period 
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 441 

Figure 2: Overview of CBA Dates 442 

Figure 2 shows that: 443 

- Investment costs are spread linearly between the Start and End of Deployment dates.  444 

- Benefits ramp-up linearly between IOC and FOC and then continue up to the end of the CBA 445 
period.  446 

- Operating cost impacts (increases or decreases) would also start at IOC and ramp-up linearly 447 
to FOC before continuing for the rest of the CBA duration. 448 

3.5.3 Assumptions 449 

Costs and benefits have been computed from fast-time validation exercise results, partners’ 450 
contributions and average values taken from the PJ.19.04 Common Assumptions for extrapolation to 451 
ECAC-Level.  452 

As it is not feasible to identify exact costs for each airport separately, the costs have been estimated 453 
assuming that they would be of same order of magnitude, implying that all targeted airports will 454 
support the same kind of costs.  455 

Time
2022 2043

Investments

Start of 
deployment

IOC End of CBA 
period

Full benefits continue

2025 2026 2030
FOC & End of 
deployment
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4 Benefits 456 

The main objective of solution 14.3 ISGS is reducing the aircraft noise footprint during the arrival and 457 
approach procedures.  458 

The solution Performance Assessment Report (PAR, [22]) shows that the solution (a) improves fuel 459 
efficiency (FEFF1), time efficiency (TEFF1), and airport noise (NOI2), whereas (b) reduces the airport 460 
capacity (CAP3.2) and ATCO productivity (CEF2) due to increased separation minima between aircraft. 461 
In also extrapolates the local performance gain (calculated based on a fast-time simulation) to ECAC-462 
level assuming that the solution will impact all the traffic occurring at “high-density airports” (SESAR 463 
1 classification).  464 

However, ATC would only apply the solution during off-peak periods, when airports do not require the 465 
maximum runway throughput. This provides the noise reductions without reducing the number of 466 
arrivals (since there is spare capacity).  467 

To align with the Wave 2 common assumptions, this CBA re-calculates the extrapolation, introducing 468 
two changes in comparison with the PAR: 469 

• The CBA assumes implementation in Very Large and Large airports (SESAR2020 Wave 2 470 
Classification), instead of “high-density airports”; and  471 

• The CBA considers that the solution only applies during off-peak periods. Therefore, there is 472 
no impact on runway throughput or ATCO productivity (since the airport has spare capacity). 473 

Table 8 shows the local benefits the CBA applies to the off-peak periods at Very Large and Large 474 
airports. 475 

Performance gain KPI Low value High value 

Fuel savings FEFF1 -7.99 kg fuel per arrival -50.83 kg fuel per arrival 

Flight time savings TEFF1 -0.22 minutes per arrival -0.86 minutes per arrival 

Noise reduction NOI2 – 55dB contour - -0.80 km2 per airport 

NOI2 – 65dB contour - -0.15 km2 per airport 

NOI2 – 75dB contour - -0.03 km2 per airport 

Table 8: Solution PJ.02-W2-14.3 ISGS local benefits 476 

4.1 Benefit Monetisation Mechanisms 477 

4.1.1 Extrapolation assumptions 478 

Table 9 shows the SESAR Common Assumptions [11] that the CBA uses to extrapolate ISGS local 479 
benefits to the off-peak periods at Very Large and Large airports. 480 

Item ID Value Unit 
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Contribution to total En-Route 
traffic from Very Large airports 

APT-VL-2035 0.71 Movements per ECAC flight12 

Contribution to total En-Route 
traffic from Large airports 

APT-L-2035 0.21 Movements per ECAC flight 

Contribution to total En-Route 
traffic from Very Large airports 
during peak traffic 

APT-PC-VL-2035 0.47 Movements per ECAC flight 

Contribution to total En-Route 
traffic from Large airports during 
peak traffic 

APT-PC-L-2035 0.15 Movements per ECAC flight 

Percentage of arrivals per TMA 
movement 

M-0012 50% % 

Average ECAC flight time T-0010 1.7 hours 

Average fuel burn per flight F-0001 5280 Kg per flight 

Peak operating time at high density 
airport 

M-0011 11 Hours per day 

Table 9: SESAR Common Assumptions (Annex 1, v5, 17-10-2019) 481 

The percentage of ECAC traffic that benefits from the solution is calculated as follows: 482 

• Traffic at VL and L airports: 0.71 + 0.21 = 0.92 movements per ECAC flight 483 

• Peak traffic at VL and L airports: 0.47 + 0.15 = 0.62 movements per ECAC flight 484 

• Off-peak traffic at VL and L airports: 0.92− 0.62 = 0.30 movements per ECAC flight 485 

• Off-peak arrivals at VL and L airports: 0.30 ⋅ 50% = 15% of the ECAC flights 486 

Therefore, the FEFF1 and TEFF1 local benefits are multiplied by 15% to calculate the ECAC-wide 487 
performance gain. The NOI2 benefit calculation follows a different approach (see section 4.1.3). 488 

4.1.2 Fuel Efficiency (FEFF1) 489 

The CBA considers the average local performance gain to calculate the FEFF1 extrapolation to the 490 
ECAC: 491 

• Average local FEFF1 gain: -29.41 kg per arrival 492 

• ECAC FEFF1 gain (absolute): −29.41 kg per arrival ⋅ 15% = −4.44 kg per flight 493 

• ECAC FEFF1 gain (relative): −4.44kg / 5280kg = −0.08% 494 

The CBA monetises the Fuel Efficiency as the value of the savings in fuel (FEFF1) and, consequently, in 495 
CO2 (ENV1). Figure 3 shows the CBA monetisation mechanism for Fuel Efficiency.  496 

                                                           
12 For Airports the traffic contribution to total traffic handled per sub-OE category is the sum of annual movements at each 
specific sub-OE within the same category divided by the annual IFR ECAC flights, because the volume of arrival and departure 
traffic is best considered in number of movements. The sum of all sub-OE traffic contributions of the TMA and airport OEs, 
respectively, is less than 2 movements per flight because of flights departing to or arriving from outside ECAC. 
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 497 
  498 

Figure 3: Fuel Efficiency and CO2 Monetisation Mechanisms 499 

4.1.3 Time Efficiency (TEFF1) 500 

The Time Efficiency savings refer to a reduction in the average flying time (minutes/flight) for each 501 
aircraft. Again, the CBA considers the average local performance gain to calculate the TEFF1 502 
extrapolation to the ECAC: 503 

• Average local TEFF1 gain: -0.54 minutes per arrival 504 

• ECAC TEFF1 gain (absolute): −0.54 minutes per arrival ⋅ 15% = −0.08 minutes per flight 505 

• ECAC TEFF1 gain (relative): −0.08 min / (1.7 hours ⋅ 60 min) = −0.08% 506 

The CBA model monetises time efficiency only as strategic delay savings, to avoid double counting 507 
benefits with the flight efficiency gain (fuel and emissions). 508 

 509 
Figure 4: Time Efficiency Monetisation Mechanism 510 

4.1.4 Noise Reduction (NOI2) 511 

Whilst the increase in traffic volume results in higher noise levels, the increase in urbanisation results 512 
in a higher number of people experiencing disutility due to noise. Communities around airports are 513 
interested in environmental benefits, especially noise, coming from the implementation of the ISGS 514 
solution. In general, noise can be defined as unwanted sounds of varying duration, intensity or other 515 
quality that causes physical or psychological harm to humans. 516 

The PAR [22] calculates the noise benefits as the reduction in the size of the noise contours (NOI2) 517 
around the airport area when the ISGS solution is applied. The CBA considers the average reduction 518 
in this noise contour and then multiplies it by (i) the average population density and (ii) the value of 519 
noise per person.  520 

Since the PAR calculates the change in noise contour area per decibel band, the CBA estimates the 521 
cost of noise per decibel band too. 522 
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The population density is the average of the cities where the Very Large and Large airports are located, 523 
which results in 4,788 inhabitants per square kilometre13.  524 

The cost of noise (EU28 averages) is extracted from the Handbook14 on the external costs of transport 525 
Version 2019 [19], which takes into account only health and annoyance costs. Section 7 refers to these 526 
benefits as Societal Benefits. 527 

Noise (Lden)  Annoyance Health Total Unit 
50-54 dB(A) 34 5 39 

EUR per dB per 
person per year 

 

55-59 dB(A) 68 6 74 
60-64 dB(A) 68 9 77 
65-69 dB(A) 129 12 141 
70-74 dB(A) 129 16 145 
≥75 dB(A) 129 21 150 

Table 10: Environmental price of traffic noise for EU28  528 
(CE Delft- Handbook on the external costs of transport Version 2019) 529 

Annoyance represents the disturbance individuals experience when they are exposed to traffic noise. 530 
It can hinder people from performing certain activities, which may lead to a variety of negative 531 
responses, including irritation, disappointment, anxiety, exhaustion and sleep disturbance (WHO, 532 
2011). Sleep disturbance is not considered a separate component in this value to avoid potential 533 
double counting. If one is asked about their annoyance they are inclined to also take into account the 534 
effects of sleep disturbance; therefore sleep disturbance is assumed to be included in the annoyance.  535 

Concerning health, exposure to noise results in several health endpoints due to prolonged and 536 
frequent exposure to transport noise. According to the CE Delft report, “these health endpoints can 537 
take a multitude of forms. Health endpoints for which significant evidence is available are ischaemic 538 
heart disease, stroke, dementia and hypertension. For health endpoints not mentioned in the list 539 
above, e.g. breast cancer and depression, only fragmented evidence is available. Therefore, these costs 540 
are not included in the noise costs estimated in this study. For the same reason, productivity losses 541 
(e.g. loss of concentration) and environmental impacts of traffic noise (e.g. harmful effects on wildlife) 542 
are not covered. Finally, direct material damages as a result of vibrations are not included in the costs 543 
of noise in this study, as the vibrations are not necessarily an effect of noise, but rather an external 544 
effect on its own.” 545 

Further benefits related to reduced noise taxes have not been included in this CBA due to limited, thus 546 
not exhaustive, information concerning noise taxation around the ECAC area airports.  547 

 The following tables translate the solution noise benefit (NOI2) intro avoided “cost of noise” for the 548 
population living in the airports’ cities. 549 

Noise (Lden)  Area reduction (km2) Population density 
(hab/km2) 

Population reduction 
(inhabitants) 

75 dB(A) 0.015 4,788 72 
65 dB(A) 0.075 4,788 359 
55 dB(A) 0.400 4,788 1,915 

Table 11: Reduction in population impacted by noise per airport 550 

                                                           
13 European Commission, Urban Centre Database UCDB R2019A, Population density value in 2015. 
14 CE Delft (on behalf of the European Commission). 

https://ghsl.jrc.ec.europa.eu/ucdb2018visual.php
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Noise (Lden)  Population reduction 
(inhabitants) 

Noise cost (EUR per 
person per year)15 

Noise cost (EUR per 
year) 

75 dB(A) 72 150 10,773 
65 dB(A) 359 141 50,635 
55 dB(A) 1,915 74 141,731 

Total per year 203,140 
Table 12: Avoided cost of noise per airport 551 

The CBA considers that 32 Very Large and Large airports benefit from the ISGS procedures in terms of 552 
reduction of noise. Therefore: 553 

• Noise cost savings (ECAC): 203,140€ per airport ⋅ 32 airports = 6.5 M€ per year 554 

However, the PAR results are expressed using the Lden metric, which calculates the “noise level based 555 
on energy equivalent noise level (Leq) over a whole day…”16. The CBA assumes that ATC only applies 556 
the solution ISGS during off-peak periods and thus it does not bring a noise reduction during the 557 
“whole day”. Therefore, the previous calculation is corrected by: 558 

• Off-peak time at Very Large and Large airports: 24hr− 11hr = 13 hours per day 559 
• Off-peak time-share at Very Large and Large airports: 13/24 = 54% 560 
• Off-peak noise cost savings (ECAC): 6.5 M€ ⋅ 54% = €3.5 M€ per year 561 

Finally, Figure 5 shows the noise monetisation mechanism applied in the CBA model. 562 

  563 

Figure 5: Noise reduction Monetisation Mechanism 564 

4.1.5 Summary of benefits 565 

Table 13 summarises the benefit inputs for the CBA model, which have been calculated based on the 566 
solution Performance Assessment Report (PAR, [22]): 567 

Performance 
gain 

KPI CBA input (ECAC) 

Fuel savings  FEFF1 
(ENV1)  

-4.44kg of fuel per flight 
(-13.97kg of CO2 per flight) 

Flight time 
savings 

TEFF1 -0.08% 
(-0.08min per flight) 

Noise 
reduction  

NOI2  3.5 M€ per year (aggregated benefit for 32 Very Large and 
Large airports) 

Table 13: Solution PJ.02-W2-14.3 ISGS ECAC-wide benefits 568 

                                                           
15 Considering only 1dB reduction per person. This is a conservative assumption since the PAR provides 
the noise footprints every 10dB.  

16 European Environment Agency: Lden Day-evening-night level 

Cost of noise 
(€/db/pp)

Ramp-up
(%)

Noise benefits
(€)

Population 
density around 

the airport 
(Number of 

people affected)

Noise contour 
change

(delta in db)

https://www.eea.europa.eu/help/glossary/eea-glossary/lden
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 569 

 570 

 571 
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4.2 Benefit Monetisation of the Performance Framework KPI/PI 572 

Performance 
Framework KPA1 

 
Focus Area 

KPI/PI from the 
Performance 
Framework 

 
Unit 

 
Metric for the CBA 

 
Unit 

Total benefits 
from IOC to 2043 

Cost Efficiency ANS Cost 
efficiency 

CEF2 
Flights per ATCO-Hour on 
duty 

Nb 
  

ATCO employment Cost change €/year No Validation Target 

Support Staff Employment Cost 
Change 

€/year No Validation Target 

Non-staff Operating Costs Change €/year No Validation Target 

CEF3 Technology cost per 
flight 

EUR / flight G2G ANS cost changes related to 
technology and equipment 

€/year No Validation Target 

Airspace User 
Cost efficiency 

AUC3  
Direct operating costs for 
an airspace user 

EUR / flight Impact on direct costs related to the 
aeroplane and passengers. 
Examples: fuel, staff expenses, 
passenger service costs, 
maintenance and repairs, navigation 
charges, strategic delay, landing 
fees, catering 

€/year No Validation Target 

AUC4 
Indirect operating costs for 
an airspace user 

EUR / flight Impact on operating costs that do 
not relate to a specific flight. 
Examples: parking charges, crew and 
cabin salary, handling prices at Base 
Stations 

€/year No Validation Target 

AUC5 
Overhead costs for an 
airspace user 

EUR / flight Impact on overhead costs. Examples: 
dispatchers, training, IT 
infrastructure, sales. 

€/year No Validation Target 

                                                           
1 For information, the mapping to the Performance Ambition KPAs (used in the ATM Master Plan) is available in the Appendix C 



PJ.02-W2-14.3 CBA FINAL 

Page 33 

Performance 
Framework KPA1 

 
Focus Area 

KPI/PI from the 
Performance 
Framework 

 
Unit 

 
Metric for the CBA 

 
Unit 

Total benefits 
from IOC to 2043 

Capacity Airspace capacity CAP1 
TMA throughput, in 
challenging airspace, per 
unit time 

% and # 
movements 

Tactical delay cost (avoided-; 
additional +) 

€/year No validation target 

% and # 
movements 

Strategic delay cost (avoided-; 
additional +) 

€/year No Validation Target 

CAP2  
En-route throughput, in 
challenging airspace, per 
unit time 

% and # 
movements 

Tactical delay cost (avoided-; 
additional +) 

€/year No Validation Target 

% and # 
movements 

Strategic delay cost (avoided-; 
additional +) 

€/year No Validation Target 

Airport capacity CAP3 
Peak Runway Throughput 

% and # 
movements 

Value of additional flights €/year No Validation Target 

 Resilience RES4a  
Minutes of delays 

Minutes Tactical delay cost (avoided-; 
additional +) 

€/year No Validation Target 

 
 

RES4b  
Cancellations 

% and # 
movements 

Cost of cancellations €/year No Validation Target 

 
 

Diversions % and # 
movements 

Cost of diversions €/year No Validation Target 

Predictability and 
punctuality 

Predictability PRD1 
Variance of Difference in 
actual & Flight Plan or RBT 
durations  

Minutes^2 Strategic delay cost (avoided-; 
additional +) 

€/year No Validation Target 

Punctuality PUN1 
% Departures < +/- 3 mins 
vs. schedule due to ATM 
causes 

% (and # 
movements) 

Tactical delay cost (avoided-; 
additional +) 

€/year No Validation Target 
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Performance 
Framework KPA1 

 
Focus Area 

KPI/PI from the 
Performance 
Framework 

 
Unit 

 
Metric for the CBA 

 
Unit 

Total benefits 
from IOC to 2043 

Flexibility ATM System & 
Airport ability to 
respond to 
changes in 
planned flights 
and mission 

FLX1 
Average delay for 
scheduled civil/military 
flights with change request 
and non-scheduled / late 
flight plan request 

Minutes Tactical delay cost (avoided-; 
additional +) 

€/year No Validation Target 

Environment Time Efficiency FEFF3 
Reduction in average flight 
duration 

% and minutes Strategic delay: airborne: direct cost 
to an airline excl. Fuel (avoided-; 
additional +) 

€ €548m 

Fuel Efficiency FEFF1 
Average fuel burn per flight 

Kg fuel per 
movement 

Fuel Costs € €933m 

Fuel Efficiency FEFF2 
CO2 Emissions 

Kg CO2 per 
movement 

CO2 Costs € 
 

€66m 

Noise NOI2  
Surface of these contours 
(Km2) 

km^2 (per 
decibel band) 

Cost of noise € €53m 
Noise NOI4  

Number of people inside 
noise contours 

People affected 

Civil-Military 
Cooperation & 
Coordination 

Civil-Military 
Cooperation & 
Coordination 

CMC2.1a 
Fuel saving (for GAT 
operations)  

Kg fuel per 
movement 

Fuel Costs €/year   

CMC2.1b 
Distance saving (for GAT 
operations) 

NM per 
movement 

Time Costs €/year   

Table 14: Results of the benefits monetisation per KPA573 



PJ.02-W2-14.3 CBA FINAL 

Page 35 

5 Cost assessment 574 

This section contains the cost assessment information for the stakeholders that need to deploy 575 
required enablers for PJ.02-W2-14.3. The optional enablers are not included in the cost assessment. 576 
The values included here were initially defined in Wave 1, by PJ.02-02, using a bottom-up approach to 577 
estimate the stakeholders’ implementation and operating costs. The scope of each enabler was 578 
analysed, discussed, reviewed, and challenged within the CBA team as well as with other operational 579 
and technical experts. The values have subsequently been reviewed in Wave 2 leading to some 580 
updates. 581 

As mentioned in section 3.2, the institutional enablers related to ISGS, REG-0530 and STD-113, are 582 
now linked to the system and human enablers, rather that appearing independently as they did when 583 
the PJ.02-02 CBA was produced. For the following cost assessment, it is assumed that: 584 

• STD-113 “Update of EASA/ICAO regulatory frameworks for new visual ground aids (ISGS)” is a 585 
pre-requisite to the deployment of ISGS and the costs of updating the frameworks are not 586 
included.  587 

• REG-0530 “Regulatory provisions for Increased Second Glide Slope operations (ISGS)” is an 588 
enabler that is addressed for each deployment with the relevant ANSP covering the costs of 589 
the activity to get advice from the regulatory authorities on the acceptability of the safety case 590 
supporting the ISGS related ATM rule modification. 591 

5.1 ANSP costs 592 

The ANSP stakeholder covers several different service provision aspects, for PJ.02-W2-14.3 this 593 
includes ATS provision at Aerodromes (Tower) and in Approach (terminal airspace, TMA). Within DS23 594 
draft, some of the enablers are identified as applicable for Military ANSPs, however, due to the 595 
candidate airports included in the CBA the Military stakeholders are not included in the cost 596 
assessment for this solution18.  597 

5.1.1 ANSP cost approach  598 

Costs were estimated based on expert judgement and are in line with other PJ.02 solutions considering 599 
an increased glide slope.  600 

For ISGS operations a separation delivery tool was considered unnecessary since it is assumed that 601 
ISGS is operated only during off-peak periods, especially at night, and is addressing only noise issues 602 
and not airport capacity. Therefore, a procedural ISGS is considered for the purpose of this CBA.  603 

What is needed is the information for the approach controller to know which aircraft are capable of 604 
flying the ISGS and to record which glide slope a flight has been assigned. The aerodrome (Tower) 605 
controller then needs to be provided with the information. 606 

The cost impact of providing and capturing this information can differ depending on the system being 607 
used, for example, if the controllers are still using paper strips or have electronic strips. 608 

5.1.2 ANSP cost assumptions 609 

                                                           
18 Some enablers are also required or optional for other solutions in which the Military stakeholders may have a role. 
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Costs for this solution are mainly borne by the ANSPs to provide the relevant tools and functionalities 610 
in the approach and aerodrome systems. This assumes that costs for the controller systems used at 611 
the airports and their relevant maintenance are incurred by the ANSPs19.  612 

5.1.3 Number of deployment locations (units) 613 

ISGS (without a separation delivery tool) is assumed to be implemented at all Very Large and Large 614 
airports for use during off peak periods, especially at night. 615 

Table 15 shows the number of ANSP deployment locations included in the CBA Solution Scenario. 616 

Airport (Aerodrome) Approach Centre handling 
Terminal Airspace 

En-route 

VL L M S VH H M L VH H M L 

32 0 0 25 0 0 Not applicable 
Table 15: Number of deployment locations – ANSPs 617 

These values assume that the Very High and High complexity Approach Centres handling Terminal 618 
Airspace (either Terminal Airspace Only or En-route and Terminal Airspace) are those that handle the 619 
arrivals for the Very Large and Large airports. 620 

5.1.4 Cost per unit 621 

Table 16 shows the cost per enabler as well as the total cost per location. It is noted that some of the 622 
approach units may handle arrival traffic for several airports and so there may be fewer investments 623 
needed, however as a conservative approach, one investment per airport is maintained. 624 

Enabler Enabler Title Implementation 
Costs (M€) 

Operating 
costs 

(M€/year) 

AERODROME-ATC-102 (R) 
Aerodrome ATC system to support final 
approach operations (distinguish approach 
procedures) 

0.20 - 

APP ATC 170 (R) Approach ATC system upgraded to support 
approach procedure assignment 0.20 - 

HUM-32 (R) 
 

REG-0530 (R) 

ATC training for ISGS approach  
 
Regulatory provisions for Increased Second 
Glide Slope (ISGS) 

1.00 
 

0.05 

- 
 
- 

Table 16: ANSP Costs per Enabler 625 

Note that the HUM-32 training costs are considered to include the initial training and were estimated 626 
using the PJ19.04 Training Cost Tool [20]. This is an overall cost for the CBA Solution Scenario and not 627 
a cost per deployment location. 628 

The optional enablers listed in Table 17 are not monetised in the CBA as they are not required for the 629 
deployment of the procedural ISGS solution. 630 

                                                           
19 In reality the situation will differ across airports as some airports may own and maintain the systems. 
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Table 17: Optional ANSP Enablers for PJ.02-W2-14.3 – not included in the CBA 631 

Table 18 shows the cost for an ANSP deploying the solution at an airport. 632 

Cost category Airport 

VL L M S 

Pre-Implementation Costs 0.25 M€ per Aerodrome 
0.20 M€ per Approach Centre 
1.00 M€ initial training costs 

No deployment considered at 
these locations 

Implementation costs 

Operating costs No costs identified 
Table 18: Cost per Unit  633 

5.2  Airport operator costs 634 

The Airport operator enabler is identified within the DS23 draft as being applicable to both civil and 635 
military airports. Due to the candidate airports included in the CBA the Military airport operators are 636 
not applicable for this solution.  637 

5.2.1 Airport operator cost approach 638 

The cost data were provided during Wave 1 and revised during Wave 2 within the Solution team. 639 

5.2.2 Airport operator cost assumptions 640 

Airports will incur costs related to installing a PAPI for the increased second glide slope. 641 

5.2.3 Number of deployment locations (units) 642 

Table 19 shows the number of airports included in the CBA Solution Scenario where it is assumed that 643 
one additional PAPI will be deployed at each airport. However, if ISGS is deployed on more than one 644 
runway end then each one will need an additional PAPI. 645 

 The CBA considers that 32 airports from the Very Large and Large categories will deploy ISGS. 646 

Airport 

VL L M S 

32 0 0 
Table 19: Number of deployment locations - Airports 647 

5.2.4 Cost per unit 648 

Table 20 shows the cost per enabler as well as the total cost per location.  649 

Enabler ref. Enabler definition Applicable stakeholders 

AERODROME-ATC-71 
(O) 

Aerodrome ATC System to support 
ISGS operations (separation delivery) 

Air Navigation Service Provider 
- Civil ATS Aerodrome Service Provider 
- Military ATS Aerodrome Service Provider 

APP ATC 114 (O) Approach ATC System to support ISGS 
operations (separation delivery) 

Air Navigation Service Provider 
- Civil ATS Approach Service Provider 
- Military ATS Approach Service Provider 
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Enabler Enabler Title Development Costs 
(M€) 

Operating 
costs 

(M€/year) 

AIRPORT-53 (R) PAPI for ISGS approach procedures 0.04 0.01 

Total for AO-0320  0.04 0.01 

Table 20: Airport Costs per Enabler 650 

Table 21 shows cost for an Airport operator deploying the solution at a candidate airport. 651 

Cost category Airport 

VL L M S 

Pre-Implementation Costs 
0.04 M€ per airport No deployment considered at 

these locations Implementation costs 

Operating costs 0.01 M€ per airport per year 
Table 21: Cost per Unit - Airport 652 

5.3 Airspace User costs 653 

Airspace Users have three enablers allocated for ISGS. However, none are included in the CBA for the 654 
following reasons. 655 

• HUM-22 (R): Flight Crew new role for handling ISGS approach 656 

Pilot training needs for ISGS will vary depending on the location and the local characteristics 657 
of the procedure and traffic. Local operators may decide to implement a specific training or 658 
briefing for their pilots depending on the fleet of aircraft that they operate and their ability to 659 
fly ISGS. This local training and its associated cost will therefore vary according to the airports 660 
and the airlines and is considered to be very limited in terms of number of pilots flying on 661 
some aircraft types at specific locations. This cost item has not been included in the CBA.  662 

The following two airborne enablers are not included in the CBA because they are optional. This 663 
implies that they will only be needed for certain aircraft and as described in the dataset “decisions on 664 
providing such systems are left to aircraft manufacturers who must decide on the significance of such 665 
assistance versus their products’ capacities (for instance deceleration capacity), operating methods 666 
(SOP application), etc.”. 667 

• A/C-86 (O): On-board assistance to aircraft energy management 668 

This is an on-board system that provides energy management cues to the flight crew 669 
supporting them in managing appropriately the overall aircraft energy to succeed in reaching 670 
energy rendez-vous. The reference used is the stabilization gate, usually at 1000 ft above 671 
airport elevation.  672 

• A/C-87 (O): On-board assistance to flare 673 

This is an on-board system that provides flare assistance information to the flight crew 674 
supporting them in landing appropriately.  675 
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For both these airborne enablers it is mentioned that steeper operations (use of an increased glide 676 
slope) are a major driver for providing these kinds of assistance. It is highly recommended when the 677 
angle is above 3.5° and, in addition, these assistance systems may also support standard approaches.  678 

There are no investments required at the Flight Operation Centres (FOC) (ground). 679 

5.4 Cost Summary 680 

This section provides a summary of how the data in the previous sections is used to feed the CBA 681 
model. The tables show the values that are used to produce the CBA results in section 7.  682 

Investment Costs  683 

 Cost per-unit  Deployment Locations  Cost 

ANSP (Aerodrome) 0.25 M€  x 32 =   8.0 M€ 

ANSP (Approach) 0.20 M€  x 25 =   5.0 M€ 

ANSP Initial ISGS training 1.00 M€ x 1 =   1.0 M€ 

Airport Operator 0.04 M€ per airport x 32 =   1.3 M€ 

Total Investment Costs 15.3 M€ 
Table 22: Investment Cost Summary 684 

Annual Operating Cost changes  685 

 Annual costs  Deployment Locations  Cost 

Airport Operator 0.01 M€ per airport  x 32 = 0.3 M€ 

Annual Operating Cost Change 0.3 M€ 
Table 23: Operating Cost Summary 686 

 687 
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6 CBA Model 688 

The model used to calculate the CBA results will be the Single Solution CBA model (s7.4.1) developed 689 
by PJ.19.  This CBA Model has been developed in Excel and calculates the costs and benefits of the 690 
implementation of the ISGS Solution as described in the CBA Solution Scenario. 691 

The CBA model uses the values from section 4: 692 

• Scenario 1 uses the low benefit values  693 

• Scenario 2 uses the high benefit values 694 

• Scenario 3 uses the average benefit values and is used to produce the results in section 7. 695 

The same cost data is used in the 3 scenarios.  696 

s7.4.1-for-PJ02-W2-
14.3_v0.2.xlsm  697 

6.1 Data sources 698 

Cost Inputs 699 

Cost items reflect a combination of inputs from relevant partners in Wave 1 projects PJ.02-01 and 700 
PJ.02-02. Airport costs relating to the PAPI have been reviewed by experts in PJ.02-W2-14.3. No 701 
airborne costs are included. 702 

Benefit Inputs  703 

The main source for the benefit calculation inputs is a combination of Performance Assessment 704 
Results from the PJ.02-02 Wave 1 Performance Assessment Report (PAR) [17], as included in the PJ.02-705 
W2-14.3 PAR [22] and separate calculations based on the noise calculation methods used in Wave 1. 706 
More information on the calculation of these benefits is available in the Benefit section.  707 

Other Inputs Parameters  708 

The data sources for the non-Solution specific CBA Model parameters are referenced in the various 709 
input sheets of the CBA Model with details provided in the sheet ‘Source of Reference’. These are all 710 
part of the PJ.19.04 Common Assumptions [11]. 711 
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7 CBA Results 712 

The following section provides the results of the PJ.02-W2-14.3 V3 CBA that has assessed the 713 
deployment of ISGS (procedural) at 32 candidate airports that can realise the associated noise 714 
reduction benefits during off-peak periods and especially at night.  715 

The CBA has been built on the following information: 716 

• The Investments costs (pre-implementation and implementation costs) and Operating Costs 717 
have been identified for the main stakeholders impacted: ANSPs and Airport Operators.  718 

• The impact of ISGS on the Capital Expenditures (CAPEX) (investments) has been analysed and 719 
only the costs on top of what could be expected in the CBA Reference Scenario have been 720 
estimated in the cost assessment and integrated in the CBA Model.  721 

• Benefits (noise reduction as well as fuel and time efficiency) have been estimated and 722 
monetised in the CBA Model for Airspace Users (Scheduled Airlines and Business Aviation 723 
operating at the 32 candidate Very Large and Large airports during off-peak periods) and 724 
society, which refers to the communities living around the airports. See section 4 for more 725 
details. 726 

• The noise reduction benefits from ISGS are considered to be attractive for all airports with 727 
high surrounding population density. However, this analysis has limited the scope and only 728 
assessed noise benefits for the 32 Very Large and Large candidate airports.  729 

The PJ.02-W2-14.3 CBA results1 shown here are visible in the CBA model (see section 6) by selecting 730 
Scenario 3.  731 

The Net Present Value (NPV) is 509 M€, this is discounted at 8% over the period 2022 to 2043. Table 732 
25 shows the undiscounted values, which show that without discounting the overall net benefits are 733 
1580 M€. 734 

The discounted values are detailed in section 7.1.1 while the undiscounted values are detailed in 735 
section 7.1.2. 736 

7.1.1 Discounted Values  737 

This section provides the discounted CBA results. The values shown in table 14 below are discounted 738 
to account for the time value of money2. Undiscounted values are shown in the next section. 739 

The Net Present Value (NPV) for PJ.02-W2-14.3 is 509 M€. This is calculated with an 8% discount rate 740 
over the period 2022 to 2043.  741 

The payback year is 2027, this is shown in Figure 6 where the discounted cumulative net benefits line 742 
crosses back over the x-axis, however, due to the high cumulative benefits compared to the low costs 743 
the crossing is not very clear in the figure and has been taken from the CBA model values. 744 

Discounted 8% (M€) Net Present Value Capex Opex Benefits 

ANSP -8 -8 0 0 

                                                           
1 Any differences in totals are due to rounding errors 
2 The time value of money reflects the idea that 1€ received today has more value than 1€ received in 2040 because it could 
be invested and earn interest over that period. 
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Discounted 8% (M€) Net Present Value Capex Opex Benefits 

Airport operators -2 -1 -2 0 

Business Aviation 41 0 0 41 

Scheduled Aviation  461 0 0 461 

Societal Benefits 18 0 0 18 

Overall 509 -9 -2 520 
Table 24: PJ.02-W2-14.3 Discounted CBA results in M€ (per stakeholder and overall) 745 

Based on the current assumptions and inputs, the expected benefits offset the overall costs. 746 

The sensitivity analysis in section 8 will explore these results in more detail to see the impact on the 747 
NPV of changing some of the assumptions. 748 

Figure 6 shows these discounted values on a year-by-year basis. The net benefits are the benefit value 749 
per year minus the cost value for that year; these are then shown cumulatively as a line in the figure. 750 

 751 

Figure 6: PJ.02-W2-14.3 Annual Investment Levels and Benefits (discounted) 752 

Figure 7 shows the cost and benefit data without the cumulative net benefits line so that the scale of 753 
the costs and benefits per stakeholder are visible. 754 

-100

0

100

200

300

400

500

600

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043

M
ill

io
n 

of
 E

ur
os

PJ.02-W2-14.3 (discount rate = 8%)

Societal benefits - noise

Business Aviation Benefits

Scheduled Airlines Benefits

Airport Opex

Airport Capex

ANSP Capex

Cumulative Net Benefits



PJ.02-W2-14.3 CBA FINAL 

Page 43 

 755 

Figure 7: PJ.02-W2-14.3 Annual Investment Levels and Benefits expanded (discounted)  756 

7.1.2 Undiscounted Values  757 

The values shown in this section do not consider the time value of money, so one unit of currency 758 
spent or received in 2043 is considered to have the same value as one unit of currency spent or 759 
received today. 760 

The table below contains the undiscounted values, which show that without discounting, i.e. doing 761 
the CBA calculation with a discount rate of 0%, the overall net benefits are 1580 M€. 762 

 Undiscounted Net Benefits CAPEX OPEX Benefits 

ANSP -14 -14 0 0 

Airport operators -6 -1 -5 0 

Business Aviation 125 0 0 125 

Scheduled Aviation  1422 0 0 1422 

Societal Benefits 53 0 0 53 

Overall 1580 -15 -5 1600 
Table 25: PJ.02-W2-14.3 Undiscounted CBA results (per stakeholder and overall) 763 

Figure 8 shows the undiscounted costs and benefits over each year. 764 
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 765 

Figure 8: PJ.02-W2-14.3 Annual Investment Levels and Benefits (undiscounted) 766 

The undiscounted values are useful, especially for the costs, as they provide an idea of the overall 767 
investments that will be required. For example, based on these results, the stakeholders will need to 768 
invest 15 M€ (CAPEX) to deploy this Solution over the deployment period. The 9 M€ discounted CAPEX 769 
value, Table 24, simply reflects the present value of those investments in 2022. 770 
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8 Sensitivity analysis 771 

This section3 provides data on how sensitive the CBA results are to changes in the inputs values. When 772 
making investments it is useful to know which values can have the most impact on the results to help 773 
focus further work on refining data and assumptions. 774 

8.1 Discount Rate 775 

The discount rate is used to reflect the time value of money4 so reducing the discount rate reduces 776 
the difference between the value of money today and its value in the future. There is often much 777 
discussion on which discount rate to use so it is useful to look at a range of values. In this case, doubling 778 
the discount rate still provides a positive Net Present Value. 779 

Figure 9 shows that using a lower discount rate increases the NPV. 780 

 781 

Figure 9: Sensitivity Analysis – Discount Rate 782 

8.2 Sensitivity Comparison 783 

Figure 10 shows the tornado diagram produced when the different cost and benefit inputs were each 784 
varied by -10% to +10%. The input values which produce the larger changes in the NPV are candidates 785 
for further investigation as they have the most potential to negatively impact the NPV.  786 

The figure shows that the inputs Fuel Efficiency and Time Efficiency have the largest impact on the 787 
NPV, while the costs Ground Capex (ANSP and Airport) and Ground Opex (Airport) have lowest impact 788 
on the CBA results. 789 

For Fuel Efficiency, the tornado diagram shows that a 10% reduction in fuel burn benefits would result 790 
in just over a 6% reduction in the Net Present Value. The CBA is considered to be very sensitive to an 791 
input value if the impact on the NPV is higher than the change in the input value, e.g. a 10% change in 792 
the input value resulted in a 15% change in the NPV. 793 

                                                           
3 Risk Analysis has not been performed for this CBA as the Excel CBA model is not designed to apply Monte Carlo simulation 
techniques which are needed to calculate the NPV results for thousands of scenarios where different combinations of the 
input values (taken from probability distributions) are used in each. 

4 The time value of money reflects the idea that 1€ received today has more value than 1€ received in 2040 because it could 
be invested an earn interest over that period. 
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 794 

Figure 10: Tornado diagram 795 

 796 

8.3 Sensitivity Scenario 797 

This section provides the Net Present Value when the cost inputs are doubled at the same time as the 798 
benefit inputs are set to their low values, see section 4. This can be considered as a pessimistic view. 799 

The CBA input values are shown below. 800 

8.3.1 Costs double 801 

Investment Costs  802 

 Cost per-unit  Deployment Locations  Cost 

ANSP (Aerodrome) 0.50 M€  x 32 =   16.0 M€ 

ANSP (Approach) 0.40 M€  x 25 =   10.0 M€ 

ANSP Initial ISGS training 2.00 M€ x 1 =     2.0 M€ 

Airport Operator 0.08 M€ per airport x 32 =     2.6 M€ 

Total Investment Costs  30.6 M€ 
Table 26: Investment Cost Summary 803 

  804 
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Annual Operating Cost changes  805 

 Annual costs  Deployment Locations  Cost 

Airport Operator 0.02 M€ per airport  x 32 = 0.6 M€ 

Annual Operating Cost Change 0.6 M€ 
Table 27: Operating Cost Summary 806 

8.3.2 Benefits set to low values 807 

The benefits are set to the low values from Table 8 in section 4. This means: 808 

• Noise benefits (societal benefits) – no reduction in noise contours so no monetised noise 809 
benefits 810 

• Fuel efficiency becomes −7.99 kg per arrival ⋅ 15% = −1.20 kg per flight  811 

• Time Efficiency becomes −0.22 minutes per arrival ⋅ 15% = −0.03 minutes per flight  812 

8.3.3 Pessimistic Scenario CBA Results 813 

Table 28 shows that even in the pessimistic situation where the costs doubled and the benefits are set 814 
to their low values, the NPV was still positive, although much lower, at 133 M€. 815 

Discounted 8% Net Present Value Capex Opex Benefits 

ANSP -17 -17 0 0 

Airport operators -5 -2 -3 0 

Business Aviation 15 0 0 15 

Scheduled Aviation  140 0 0 140 

Societal Benefits 0 0 0 0 

Overall 133 -18 -3 155 
Table 28: PJ.02-W2-14.3 Pessimistic Scenario - Discounted CBA results (per stakeholder and overall) 816 
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9 Recommendations and next steps 817 

In summary, the PJ.02-W2-14.3 V3 CBA results are positive with a Net Present Value (NPV) of 509 M€ 818 
reflecting that the benefits from deploying this Solution at 32 candidate airports are expected to 819 
exceed the costs of deploying and operating it.  820 

Confidence in the fuel and time efficiency benefits is medium as they are based on Fast Time Simulation 821 
results. Confidence in the noise results is low to medium as they generalise the benefits calculated 822 
from the noise simulations produced in the Wave 1 Solution PJ.02-02 ‘Enhanced Arrival Procedures’. 823 

The NPV has been calculated with an 8% discount rate over the period 2022 to 2043, with PJ.02-W2-824 
14.3 being deployed between 2025 and 2030 and with benefits starting to be realised from late 2026. 825 
The payback year is 2027, which reflects when the cumulative net benefits will exceed the costs.  826 

These values are underpinned by the assumptions that the required “updates to EASA/ICAO regulatory 827 
frameworks for new visual ground aids (ISGS)” and “Regulatory provisions for Increased Second Glide 828 
Slope operations (ISGS)” occur in the planned timeframes. 829 

The sensitivity analysis shows that even if the costs doubled and the benefits are set to their low values, 830 
the deployment, as described in the CBA Solution Scenario, would still have a positive NPV of 133 M€. 831 

The validation activities have shown that the Solution works and will bring benefits when deployed at 832 
airports with operational needs to reduce the impact of noise on the local inhabitants during off-peak 833 
periods, especially at night.  834 

Airport specificities will impact the scale of the benefits. These include, but are not limited to, traffic 835 
mix, operating mode (mixed/segregated) population density under the final approach and the number 836 
of runways where ISGS will be deployed. The main recommendation is therefore, that airports 837 
considering the deployment of this Solution to address their operational needs, should review the 838 
content of this CBA and develop their own CBA based on their specific infrastructure, operations, 839 
layout, etc. to assess the scale of their potential benefits. They should also review related solutions, 840 
such as PJ.02-W2-14.2 Second Runway Aiming Point and PJ.02-W2-14.5 Increased Glide Slope to 841 
Second Runway Aiming Point, which can also offer capacity benefits during peak hours, to ensure they 842 
deploy the most appropriate solution for their needs. 843 
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Appendix A Description of the Enhanced Arrival 881 

Procedures 882 

Description of ISGS (AO-0320) 883 

ISGS concept consists in mixing aircraft flying the final segment following an ILS conventional slope 884 
(usually 3o) with aircraft following another higher final segment, with a limitation at 4.49o, and landing 885 
on the same threshold. 886 

Having two arrival slopes active at the same time, it can be envisaged to have one or two interception 887 
altitudes, according to each local case. The figures below show the two cases. 888 

 889 

 890 

Figure 11: ISGS procedure with one interception altitude 891 

 892 

 893 

 894 

 895 

Figure 12: ISGS procedure with two interception altitudes 896 

 897 

 898 

 899 

 900 
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Appendix B Discount rate 901 
This note explains the choice of 8% for the discount rate in the SESAR CBAs. 902 

The discount rate is used to reflect the Time Value of Money (i.e. money received today has more 903 
value than money that will be received in 10 years because money received today can be invested to 904 
get some income.)   905 

The discount rate used to calculate the Net Present Value (NPV) can be interpreted as the interest on 906 
invested money (from a project or a savings account) or as the interest charged on borrowing money 907 
(to fund an investment). 908 

The 8% discount rate used in the SESAR CBA model to calculate the NPV reflects the higher end of the 909 
range of Cost of Capital values faced by the partners involved in PJ.20 sWP2.6 (Business Cases) to 910 
acquire the funds necessary to invest. This value is used by some partners in their local CBAs.  911 

If a Solution has a positive NPV at 8% then it will be more positive at lower discount rates. However, 912 
a positive NPV with a lower rate, e.g. 4%, may be negative at an 8% discount rate. Therefore 8% is a 913 
conservative value, which can also be considered to include a risk premium to cover the uncertainties 914 
associated with such broad CBAs. The undiscounted values (i.e. a discount rate of 0%) are also 915 
provided to allow a comparison.  916 

In addition, the SESAR CBAs do not consider inflation (i.e. the discount rate is the real rate and not the 917 
nominal rate). This is because it would be necessary to make many assumptions about how inflation 918 
rates evolve over the CBA period and how they would differ in the different states and how they would 919 
apply to the costs and benefits in each state.920 
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Appendix C Mapping ATM Master Plan Performance Ambition KPAs and SESAR 2020 921 

Performance Framework KPAs 922 
 923 

Mapping between ATM Master Plan Performance Ambition KPAs and SESAR 2020 Performance Framework KPAs, Focus Areas and KPIs  924 

ATM Master 
Plan SESAR 
Performance 
Ambition KPA 

ATM Master Plan SESAR 
Performance Ambition KPI 

Performance 
Framework KPA Focus Area #KPI / (#PI) / 

<Design goal> KPI definition 

Cost efficiency 

PA1 - 30-40% reduction in ANS 
costs per flight 

Cost efficiency ANS Cost efficiency 

CEF2 Flights per ATCO hour on duty 

CEF3 Technology Cost per flight 

Capacity 

PA7 - System able to handle 
80-100% more traffic 

Capacity 

Airspace capacity 

CAP1 TMA throughput, in challenging airspace, 
per unit time 

CAP2 En-route throughput, in challenging 
airspace, per unit time 

PA6 - 5-10% additional flights 
at congested airports 

Airport capacity CAP3 Peak Runway Throughput (Mixed Mode) 

Capacity resilience 
<RES1> % Loss of airport capacity avoided 

<RES2> % Loss of airspace capacity avoided 

PA4 - 10-30% reduction in 
departure delays 

Predictability and 
punctuality 

Departure punctuality 

PUN1 % of Flights departing (Actual Off-Block 
Time) within +/- 3 minutes of Scheduled 
Off-Block Time after accounting for ATM 
and weather related delay causes 

Operational 
Efficiency 

PA5 - Arrival predictability: 2 
minute time window for 70% 
of flights actually arriving at 
gate 

Variance of actual and 
reference business 
trajectories 

PRD1 Variance of differences between actual 
and flight plan or Reference Business 
Trajectory (RBT) durations 
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ATM Master 
Plan SESAR 
Performance 
Ambition KPA 

ATM Master Plan SESAR 
Performance Ambition KPI 

Performance 
Framework KPA Focus Area #KPI / (#PI) / 

<Design goal> KPI definition 

PA2 - 3-6% reduction in flight 
time 

Environment Fuel efficiency 

(FEFF3) Reduction in average flight duration 

PA3 - 5-10% reduction in fuel 
burn 

FEFF1 Average fuel burn per flight 

Environment PA8 - 5-10% reduction in CO2 
emissions 

(FEFF2) CO2 Emissions  

Safety 
PA9 - Safety improvement by a 
factor 3-4 Safety Accidents/incidents 

with ATM contribution 
<SAF1> 

see section 3.4 

Total number of fatal accidents and 
incidents 

Security 

PA10 - No increase in ATM 
related security incidents 
resulting in traffic disruptions 

Security 
Self-  Protection of the 
ATM System / 
Collaborative Support 

(SEC1) Personnel (safety) risk after mitigation 

(SEC2) Capacity risk after mitigation 

(SEC3) Economic risk after mitigation 

(SEC4) Military mission effectiveness risk after 
mitigation 

Table 29: Mapping between ATM Master Plan Performance Ambition KPAs and SESAR 2020 Performance Framework KPAs, Focus Areas and KPIs925 



PJ.02-W2-14.3 CBA FINAL 

Page 54 

 926 
 927 

 928 

 929 
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