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[bookmark: _Toc444858040][bookmark: _Toc5865570]Abstract 
This document provides the Cost Benefit Analysis (CBA) for SESAR Project PJ.05 - Solution 05 – Advanced Automated MET System. The CBA forms part of the data pack supporting the TRL4 maturity gate session. This document was developed to:
· identify impacted stakeholders groups and propose a possible deployment scenario approach with different options according to airport needs;
· identify and agree on which of the Solution benefits will be monetised;
· provide an initial estimate of the potential costs of the Solution for MET Service provider. 
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[bookmark: _Toc463965295][bookmark: _Ref474756039][bookmark: _Toc465954260][bookmark: _Ref4067735][bookmark: _Toc5865571]Executive Summary
This document provides the Cost Benefit Analysis (CBA) for SESAR Project PJ.05 - Solution 05 – Advanced Automated MET System. The CBA forms part of the data pack supporting the TRL4 maturity gate session.
Two modes of the solution were analysed from Net Present Value (NPV) point of view to assess expected monetary benefits. Non-monetary benefits are elaborated based on related KPAs and stakeholders.
NPV calculated for year 2040 in today’s value is:
· Fully-automated mode 1 546 K EUR, payback year 0.
· Semi-automated mode 93.1 K EUR, payback year 4;
To calculate these values several variables and assumptions needed to be considered and therefore sensitivity analysis in relation to specific values was calculated later in the document.
The Final TRL4 CBA will present the available cost data and a qualified assessment of the benefits. Solution presented is being developed under technological solution PJ.05-05. It needs to be noted that the essence of technological solution is to develop technological enabler which supports ATM operational improvement (OI) of whole PJ.05 in later stages. Therefore this TRL4 CBA is produced with the aim to assess the benefits of proposed Solution in TRL4, which main focus is on feasibility assessment, but full picture of CBA will be achieved in TRL6 after further development and testing of the concept is completed with special focus on:
· remote MET service provided simultaneously for more than one aerodrome;
· improved methodology for statistical evaluation with larger dataset available;
· eliminating technical constraints.
This needs to be taken into the consideration when reading the document. Results shall output recommendations for the Solution PJ.05-05 about any changes which could decrease the costs and thus highlight benefits.


1 [bookmark: _Ref316575717][bookmark: _Toc458079009][bookmark: _Toc465954261][bookmark: _Toc5865572][bookmark: _Ref323217511][bookmark: _Ref316387302][bookmark: _Ref319590615]Introduction
1.1 [bookmark: _Toc458079010][bookmark: _Toc465954262][bookmark: _Toc5865573]Purpose of the document
This document provides the Cost Benefit Analysis (CBA) for SESAR Project PJ.05 - Solution 05 – Advanced Automated MET System.
This version is the final TRL4 CBA and it is developed to identify and agree on:
· the stakeholders who will incur costs related to the Solution which is driven by the Enablers (AERODROME-ATC-92, METEO-03c, METEO-04c) linked to the Solution OI Step (POI-0001-MET);
· which, if any, of the Solution benefits will be monetised in the TRL4 CBA model (developed in attached MS Excel in Chapter 6).
The CBA will cover the period from start of deployment of the Solution Enablers to 2040 (in line with PJ.19 recommendation). Any Net Present Values will be calculated back to 2019 (the end of Wave 1)
The stakeholder who needs to invest is:
MET Service Provider. 
The benefits are received by:
Airport Operator;
ANSP;
Airspace Users.
1.2 [bookmark: _Toc458079011][bookmark: _Toc465954263][bookmark: _Toc5865574]Scope
This document develops the scope of the TRL4 CBA for one OI Step included in SESAR Project PJ.05 - Solution 05 – Advanced Automated MET System; see section 3.2 for details. 
1.3 [bookmark: _Toc458079012][bookmark: _Toc465954264][bookmark: _Toc5865575]Intended readership
This TRL4 CBA for Solution PJ.05-05 is written to provide useful information to the following audience:
PJ.05 (Remote Tower) to ensure consistency within the project
PJ.18 4DTM (4D Trajectory Management) for MET data acquisition
PJ.19 CI (Content Integration) responsible for managing the content integration process to ensure the needed coherency between the different SESAR 2020 projects
PJ.20 AMPLE (Master Plan Maintenance) responsible for ATM Master Plan maintenance
PJ.22 SEABIRD (SE-DMF support).

1.4 [bookmark: _Toc458079013][bookmark: _Toc465954265][bookmark: _Toc5865576]Structure of the document
The following sections of this document cover:
Section 3 describes the scope and objectives of the TRL4 CBA
Sections 4 and 5 detail, respectively, the benefits and the costs
Sections 6, 7 and 8 contain, respectively, details of the CBA model, the CBA results and sensitivity analysis 
Section 9 currently provides recommendations and next steps for the development of the Solution PJ.05-05.
1.5 [bookmark: _Toc458079014][bookmark: _Toc465954266][bookmark: _Toc5865577]Background
Small/Other airports are typical candidates for application of Remote Tower, as it is difficult or economically inefficient to implement and staff a conventional manned facility. In SESAR programme, remote provision of air traffic control was examined, but no special attention has been given to provision of MET data remotely yet. At Small/Other airports, a 24/7 MET service is usually missing and is fully or partially replaced by automated MET reporting, simplified in several regards. Remote provision of MET service can serve to local air traffic stakeholders at the airport of provision, but all aeronautical users in-flight, during take-off and landing or in planning phase can benefit from more comprehensive weather reports originated at these Small/Other airports.
Several members of the project team had previously solved partial problems concerning the remote met service provision (activities outside SESAR):
Experimentation with cloud observation by static camera with fisheye lens in visible light;
Proof-of-concept of visibility recognition in industrial areas and in road traffic.
Moreover, one of the project linked third party is a producer of standard automated AWOS system that is utilized by more than 300 airports in many countries [10]. That AWOS was reused as technological base, upon which the new Remote Observer MET system was built within Solution PJ.05-05. 
Remote provision and monitoring of full MET information (in comparison to human MET observations) was subject of validation exercise which aims to bring this technological solution to TRL4 maturity level.
1.6 [bookmark: _Toc458079015][bookmark: _Toc465954267][bookmark: _Toc5865578]Glossary of terms

	Term
	Definition
	Source of the definition

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

	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.
	SESAR 1 [11]

	Business Case
	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 1 [11]

	Advanced Automated MET System
	Advanced weather observing system, which is capable to observe automatically all-weather elements contained in METAR/SPECI including that one, where state-of-the-art AWOS systems fail (e.g. visibility, present weather, clouds) and subsequently produces AUTO-METAR/AUTO-SPECI without solidi.	
	SESAR Solution PJ.05-05 TVALP for TRL4 [14]



	AUTO-METAR
AUTO-SPECI
	The optional code word AUTO shall be inserted before the wind group when a report contains fully automated observations without human intervention. The ICAO requirement is that all of the specified elements shall be reported. However, if any element cannot be observed, the group in which it would have been encoded shall be replaced by the appropriate number of solidi. The number of solidi depends on the number of symbolic letters for the specific group which is not able to be reported; i.e. four for the visibility group, two for the present weather group and three or six for the cloud group, as appropriate.
	WMO 306, Vol I. [15]

	AWOS
	Automated Weather Observing System (AWOS) is a fully configurable airport weather system that provides continuous, real time information and reports on airport weather conditions.
	ICAO Doc 9837 [13]

	METAR
SPECI
	Current aerodrome routine meteorological report (METAR) and aerodrome special meteorological reports (SPECI), which shall contain following elements:
a) identification of the type of report;
b) location indicator;
c) time of the observation;
d) identification of an automated or missing report, when applicable;
e) surface wind direction and speed;
f) visibility;
g) runway visual range, when applicable;
h) present weather;
i) cloud amount, cloud type (only for cumulonimbus and towering cumulus clouds) and height of cloud base or, where measured, vertical visibility;
j) air temperature and dew-point temperature; and
k) QNH and, when applicable, QFE (QFE included only in local routine and special reports).
	ICAO Annex 3 [12]


	Prevailing visibility
	The greatest visibility value, observed in accordance with the definition of “visibility”, which is reached within at least half the horizon circle or within at least half of the surface of the aerodrome. These areas could comprise contiguous or non-contiguous sectors.
	ICAO Annex 3 [12]
ICAO Doc 9837 [13]

	Small/Other airports
	Sub-operational environment (airport) with certain Annual airport's movements (range). For small airports: (40 000; 15 000]; Other airports: < 15 000.


	Airports Dataset compiled by SESAR 2020 PJ20 WP2.2 WG [16]

	Visibility
	Visibility for aeronautical purposes is the greater of:
a) the greatest distance at which a black object of suitable dimensions, situated near the ground, can be seen and recognized when observed against a bright background;
b) the greatest distance at which lights in the vicinity of 1 000 candelas can be seen and identified against an unlit background.
	ICAO Annex 3 [12]
ICAO Doc 9837 [13]






1.7 [bookmark: _Toc458079016][bookmark: _Toc465954268][bookmark: _Toc5865579]List of Acronyms

	Acronym
	Definition

	ACC
	Area Control Centre

	ATM
	Air Traffic Management

	AWOS
	Automated Weather Observing System

	CBA
	Cost Benefit Analysis

	F-AM
	Fully-automated mode

	HC
	High complexity (airport)

	HW
	Hardware

	LC
	Low complexity (airport)

	METAR
	Meteorological Terminal Air Report

	NPV
	Net Present Value

	OI
	Operational Improvement

	PIRM
	Programme Information Reference Model

	PAR
	Performance Assessment Report

	SESAR
	Single European Sky ATM Research Programme

	S-AM
	Semi-automated mode

	SJU
	SESAR Joint Undertaking (Agency of the European Commission)

	SW
	Software

	TMA
	Terminal Manoeuvring Area

	TVALP
	Technical Validation Plan



2 [bookmark: _Objectives_and_scope][bookmark: _Toc458079017][bookmark: _Toc465954269][bookmark: _Toc5865580]Objectives and scope of the CBA
2.1 [bookmark: _Toc5865581][bookmark: _Toc458079018]Problem addressed by the solution
Adverse weather brings unwelcome disruptions into aviation industry. The impact of adverse weather on Airport Operations, Airspace User Operations and ATS Operations can be mitigated by the timely sharing of high quality, precise, trustworthy and best available meteorological information. Many airports utilize automated weather observation instead of full meteorological observation. However, automated observations, especially of visibility, significant weather phenomena or clouds can fail (e.g. standard sensors do not capture inhomogeneous visibility conditions or cloud cover situation correctly). 
Solution PJ.05-05 (Advanced Automated MET System for Remote Airport) provides two options (modes), how to cope with the current disadvantages. Both rely on visible light and infrared cameras and multiple sensor analysis. At the core of the first option is processing by artificial intelligence algorithms, the second one includes concept of remotely located human MET Observer.

2.2 [bookmark: _SESAR_Solution_description][bookmark: _Toc465954270][bookmark: _Toc5865582]SESAR Solution description
Adverse weather brings unwelcome disruption to flight schedules and is the cause of approximately 13 % [9] of Europe’s primary delays. Yet the impact can be mitigated by the timely sharing of high quality, precise, trustworthy and best available meteorological information so that effective planning and actual decision making can be put in place. More precise MET information can assist flight planning, resource planning and route planning, and can help to avoid unnecessary delay.
Solution PJ.05-05 develops and validates a system which significantly enhances current scope of automated weather observation (AUTOMETAR) in conditions where it is difficult or too expensive to implement and staff a conventional manned facility. AUTOMETAR from such locations currently contains some weather elements reported in simplified form only and some are omitted completely. 
The simplified and/or omitted (please see examples of simplification and omission below) weather elements are prevailing visibility, aeronautically significant weather phenomena and clouds, despite their significance:
· Low clouds can create low ceilings, deteriorate visibility and can change rapidly, thereby influencing flight planning. VFR traffic is significant at small airports and low clouds can make VFR flight impossible. Clouds with extensive vertical development cause range of adverse effects ranging from turbulence, wind gusts to wind shear, lightning and variety of significant weather phenomena
· Prevailing visibility enables or disables VFR and special VFR flights
· Significant weather phenomena encompass liquid, solid and freezing precipitation, thunderstorms, tornadoes and other.
Examples of simplifications and omissions in current AWOS (Automated Weather Observing System at aerodrome) systems, and where we identified the possibilities for improvement:
· CLOUD AMOUNT is calculated from observation of single point in the sky (by laser ceilometer)[footnoteRef:2]. Calculations use simplified assumption of homogenous cloud coverage all over the sky, which is not always valid. In our proposed solution the whole sky is captured by VIS+IR camera, interpreted a) fully automatically by software, b) by remotely located observer. [2:  Sometimes 2 - 4 points are used, when 2 - 4 ceilometers are available, which is not the case of small airports. Still, few points are directly measured, not the whole sky.] 

· CLOUD TYPE – TOWERING CUMULUS (TCU) is omitted. In proposed solution it is reported when recognized by remotely located observer.
· CLOUD TYPE – CUMULONIMBUS CLOUD (CB) is omitted at some airports, or reported from a single lightning sensor at others. In proposed solution it is reported when recognized by remotely located observer.
· PREVAILING VISIBILITY is simplified. Reported visibility sensor value is measured in one point.[footnoteRef:3] In proposed solution the PREVAILING VISIBILITY is reported from examination of horizontal visibility taken by camera 360 degrees around the airport, using analysis of camera images by a) software, b) remotely located observer. [3:  Sometimes several points are used to estimate prevailing visibility and directional variations when several sensors are available, which is not the case of small airports. Still, few point measurements are taken into account, not whole airport surrounding.] 

· PREVAILING VISIBILITY – DIRECTIONAL VARIATIONS are omitted. In proposed solution the DIRECTIONAL VARIATIONS are reported from examination of horizontal visibility taken by camera 360 degrees around the airport, using analysis of camera images by a) software, b) remotely located observer.
· FOG TYPES. Recognition of horizontally inhomogeneous fog types (partial fog PRFG, fog patches BCFG) was improved using camera imagery. 
· Special phenomena like SHOWERS IN VICINTY of the airport (VCSH) are omitted from AUTOMETARS, because current automatic systems cannot report these phenomena. In our research, images captured by VIS+IR camera were analysed by remotely located observer, in order to identify these phenomena.
Thereby SESAR Solution PJ.05-05 addresses following key needs by collecting and analysing of images from dual visible/infrared camera:
enhance possibilities of automatic measurement of visibility/prevailing visibility (automatic recognition of pictures by AI methods/HMI for manual processing of pictures)
enhance possibilities of automatic measurement of clouds - evaluation of cloud cover (automatic recognition of pictures by AI methods/HMI for manual processing of pictures) and height (and significant cloud type in manual processing = human in the loop concept)
enhance possibilities of enhanced automatic / remote human-in-the-loop detection of aeronautically significant MET phenomena

	SESAR Solution ID
	OI Steps ref. (coming from the Integrated Roadmap)
	OI Steps definition (coming from the Integrated Roadmap)
	OI step coverage
	Comments on the OI step title / definition

	PJ.05-05 
	POI-0001-MET
	Improved Weather Awareness through Enhanced Automated MET observation
	Fully 
	


[bookmark: _Toc458079059][bookmark: _Toc5865633]Table 1: SESAR Solution PJ.05-05 Scope and related OI steps
	OI Steps ref. 
	Enabler[footnoteRef:4] ref. [4:  This includes System, Procedural, Human, Standardisation and Regulation Enablers] 

	Enabler definition
	Enabler coverage
	Applicable stakeholder
	Comments on the Enabler / definition

	POI-0001-MET
	AERODROME-ATC-92
	Real-time airport weather observation service with AI algorithms
	Fully 
	All stakeholders using MET information for their operation (airspace users, airports and air navigation service providers)
	


[bookmark: _Toc458079060][bookmark: _Toc5865634]Table 2: OI steps and related Enablers

2.3 [bookmark: _Toc458079019][bookmark: _Toc465954271][bookmark: _Toc5865583]Objectives of the CBA
The CBA is required to assess the affordability of a Solution with respect to its expected benefits for each SESAR Solution under the responsibility of Solution projects. [1]
In V2, the feasibility phase, the CBA assesses the economic feasibility of the solution(s) and can help to compare different alternatives e.g. a system implemented with a centralised or local backups or whether a solution is deployed everywhere or only in most complex environments. In this phase there is a quantitative assessment of both costs and benefits (i.e. the performance assessment) of SESAR Solutions. In areas such as safety, security, environment and human performance the benefits are assessed only qualitatively but the costs (e.g. to implement associated requirements) need to be monetised. Critical variables to the economic value of the solution(s) are identified and recommendations for further research to reduce critical uncertainties and improve quality of inputs are made for V3. In V2, the output should already include a first order of magnitude of benefits and net present value (NPV) of the different options being compared. [1]
Specific to this document is that this CBA is prepared for technological solution and therefore the maturity level is measured as technology readiness level (TRL). V2 level equals to TRL4, in which the Solution PJ.05-05 is currently assessed.
Main objective of this TRL4 CBA is to provide benefits that can be expected after implementation of the Solution as well as costs which are related to its implementation and operation. Benefits related to KPAs are not monetised in this stage. Costs values are subject of further assessment, calculating NPV for solution scenarios. Sensitivity analysis is developed as well, to identify the most critical variables to the economic value of the scenarios and presented in tornado diagram. 
Solution options analysed in this TRL4 CBA:
· Fully-automated mode – MET service provided without intervention of human element;
· Semi-automated mode – remotely provided MET service with intervention of human element.
Several assumptions were made to provide missing information for calculations and these needs to be taken into consideration when reading the document.
Finally at the end of the document recommendations and next steps for TRL6 phase are provided.
2.4 [bookmark: _Toc458079020][bookmark: _Toc465954272][bookmark: _Toc5865584]
Stakeholders[footnoteRef:5] identification [5:  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. 
] 

	Stakeholder
	The type of stakeholder and/or applicable sub-OE
	Type of Impact 
	Involvement in the analysis
	Quantitative results available in the current CBA version

	ANSP
	
	Benefits from improved weather information using the solution outputs 
	Not involved
	no cost estimation

	Airport Operators
	
	Benefits from improved weather information using the solution outputs 
	Not involved
	no cost estimation

	Network Manager
	
	
	
	

	Scheduled Airlines (Mainline and Regional)
	
	Benefits from improved weather information using the solution outputs 
	Not involved
	no cost estimation

	Business Aviation
	
	
	
	

	Rotorcraft
	
	
	
	

	General Aviation IFR
	
	Benefits from improved weather information using the solution outputs 
	Not involved
	no cost estimation

	General Aviation VFR
	
	Benefits from improved weather information using the solution outputs 
	Not involved
	no cost estimation

	Military – Airborne
	
	
	
	

	Military – Ground
	
	
	
	

	Other impacted stakeholders (ground handling, weather forecast service provider, NSA….)
	MET service provision at the airport
	Enhanced tools for (automatic) weather observation of clouds, visibility and phenomena
Remote MET service provision 
	Involvement in both reference and solution scenario (Semi-automated mode of Advanced Automatic MET System)

	costs and benefits estimations provided


[bookmark: _Ref458075410][bookmark: _Toc458079061][bookmark: _Toc5865635]Table 3: SESAR Solution PJ.05-05 CBA Stakeholders and impacts

2.5 [bookmark: _Toc458079021][bookmark: _Toc465954273][bookmark: _Toc5865585]CBA Scenarios and Assumptions
This section describes the scenarios that have been compared in the CBA. The minimum is a CBA scenario that reflects the delta (difference) between the Reference scenario (where the Solution is not deployed) and the Solution scenarios (reflecting the proposed deployment of the Solution at applicable locations). The scenario is based on the common assumptions and scenarios of the Solution (two different modes of the Solution).
[bookmark: _Toc458079022][bookmark: _Toc465954274]Reference Scenario 
The Reference Scenario considers the future situation but without the deployment of the Solution. The CBA takes a ‘delta’ approach so the aspects that are monetised are the differences between the Reference and Solution scenarios. The Reference Scenario will not be quantified.
 METAR message reported locally at the airport by professional aeronautical MET Observer, serves as source of the true weather information.
[bookmark: _Toc458079023][bookmark: _Toc465954275]Solution Scenarios 
Fully–automated mode: observations of weather, including clouds, visibility and significant phenomena by new system containing camera imagery processed by AI algorithms.
Deployment of Advanced Automated MET System in Fully-automated mode requires installation of visible and infrared cameras in order to take images of whole sky and horizon regularly in sufficient quality for automatic picture recognition. Moreover integration of high level software modules for picture recognition and assessment of clouds and visibility is necessary. 
Semi-automated mode of Advanced Automatic MET System enables remote human observer interaction with automatic observation of clouds, visibility and significant MET phenomena via dedicated HMI. 
Deployment of Advanced Automated MET System in Semi-automated mode requires installation of visible and infrared cameras in order to take images of whole sky and horizon regularly in sufficient quality and respective software for their processing. Dedicated HMI for Human Observer is necessary to allow processing of images from cameras to ease and support his job in observation of clouds and prevailing visibility. While this mode of Solution enables human observation from remote location, it has potential to optimize human resources. 
[bookmark: _Toc478998073][bookmark: _Toc478998131][bookmark: _Toc478998592][bookmark: _Toc478998883][bookmark: _Toc478999181][bookmark: _Ref4145845]Assumptions
The table below reports the main parameters affecting the CBA results.  Local assumptions, made by PJ.05-05 CBA team and internal experts, were added on the top of common assumptions.

	Variable 
	Value	
	Source 

	Applied currency 
	EUR
	

	Reference period 
	13 years (2028-2040)
	SESAR PJ.19

	Investment period 
	2028-2032
	

	Discount rate 
	6 %
	EUROCONTROL CBA team advise

	AWOS (or similar technology on the aerodrome)
	installed
	PJ.05-05 CBA team assumption

	No. of airports with installed solution
	1	
	Validation report

	Annual MET observer costs
	30 000 per year
	PJ.05-05 CBA team assumption

	Overhead costs for provision of MET service for single airport 
(The value includes only costs for renting dedicated room MET office on local airport where MET observer executes his duty. Other costs (energies, internet) are considered to be the same at remote location.)
	3 600
	PJ.05-05 CBA team assumption

	No. of MET observers remotely providing continuous service 24/7 for single aerodrome after installation of Semi-automated solution
	5.5
	PJ.05-05 CBA team assumption

	No. of MET observers providing continuous service 24/7 for single aerodrome after installation of Fully-automated solution
	0 (100% reduction)
	PJ.05-05 CBA team assumption

	Investment costs for solution (Investments costs for one airport includes HW procurement and installation, SW development, initial test and evaluation, technical documentation and training of MET personnel)
	55 700 Semi-automated mode

66 300 Fully-automated mode
	Estimated by internal experts

	Operational costs for solution
(HW and SW maintenance, training of new personnel)
	2 150 per year for  Semi-automated mode 
1 900 per year for Fully-automated mode
	Estimated by internal experts


[bookmark: _Ref460232896][bookmark: _Toc456689574][bookmark: _Toc458079062][bookmark: _Toc5865636]Table 4: SESAR Solution PJ.05-05 CBA Solution Scenario
3 [bookmark: _Benefits][bookmark: _Toc458079024][bookmark: _Toc465954276][bookmark: _Ref4422561][bookmark: _Ref4422564][bookmark: _Toc5865586]Benefits
This section should describe the monetised benefits derived from the implementation of the Solution PJ.05-05, based on the CBA Scenarios illustrated in the previous section. Since the aim of the TRL4 maturity level is to ensure SESAR operational feasibility, CBA prepared in this level will be building on current level of concept maturity considering only initial feasibility assessment of proposed technological solution. As technological solution should stand as enabler for future SESAR ATM Solutions and support or enable ATM Performance Improvements achieved after its implementation [1], KPAs affected by this Solution can be either enhanced or diminished when fully mature PJ.05 ATM Solution is applied.
Provision of extended MET information remotely as described in this PJ.05-05, for airport where no human MET observer is present (at all or partially, e.g. in night time) impacts all users of MET data (e.g. Airspace Users (Pilots), airports and TMA Controllers) in positive way (in terms of safety, capacity), because current capacities of automatic MET information provision does not contain all aeronautically significant data. Therefore usability of such airport will be enhanced by improved quality of MET information provided.
This improved weather information, once properly integrated within air traffic management decision-making process, facilitates the advantage of staying up to date with the latest weather situation for airspace users, airports and air navigation service providers.
Usefulness of HMI for remote observations was assessed positively by the remote MET Observer. HMI allowed inserting their own assessment of remotely observed weather situation. For observation of clouds, prevailing visibility and phenomena prototype (Advanced Automated MET System) was available instead of manual (visual) observation on-site. The HMI of the system enabled remote MET Observers:
to mark, if the visibility point is visible or not (for prevailing visibility calculation),
to assess the amount and various layers of clouds (overlaid over the composed image of sky),
to preview video from camera and enter recognized phenomena.
From Human Performance perspective the most important result is, that proposed solution enables MET Observer to be located at remote site (e.g. some central MET office) and carry out his/her tasks with acceptable level of workload, adequate accuracy and timelines of information, not decreasing the quality of provided service.
Improvements that Solution brings should have direct impact on Safety. With improved aerodrome weather information the AU should be able to better prepare and plan for intended flight and streamline the decision making process. It will limit the number of unexpected situations and the need of ad hoc decisions and provide more time to decide about diverting to other airport, returning or cancelling the flight.
As far as Capacity is concerned, it needs to be mentioned that the most probable operating environment where this solution will be implemented are Small/Other airports [16] (small regional airport with very low traffic) with unevenly distributed traffic. These aerodromes are therefore not dealing with capacity problems that are facing Large or Medium [16] sized airports. Benefits that PJ.05-05 brings for AO are more precise weather information which can reduce the time of the airport unavailability due to the adverse weather.
All of the abovementioned elements should contribute to improve Cost Efficiency as primary as well as secondary aspect. Primarily as showed with calculations of NPV investment into proposed solution should decrease the costs of MET service provision on specific airport and therefore should be reflected in the related charges billed by ATS to the user. Secondly the cumulative effect of increased traffic on the aerodrome should increase the airport revenues and therefore can decrease the unit price for airspace user.
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	[bookmark: _Ref458072630][bookmark: _Toc458079063][bookmark: _Toc323222542]Performance Framework KPA[footnoteRef:6] [6:  For information, the mapping to the Performance Ambition KPAs (used in the ATM Master Plan) is available in the Appendix.] 

	
Focus Area
	KPI/PI from the
Performance Framework
	
Unit
	
Metric for the CBA
	
Unit
	
Year 2019
	
Fully -automated
	
Semi-automated

	Cost Efficiency
	ANS Cost efficiency
	CEF2
Flights per ATCO-Hour on duty
 
 
	No.
 
	ATCO employment Cost change
	€/year
	  N/A
	  N/A
	  N/A

	
	
	
	
	Support Staff Employment Cost Change
	€/year
	180000
	0
	165 000 

	
	
	
	
	Non-staff Operating Costs Change
	€/year
	 3600
	1900 
	 2150

	
	
	CEF3 Technology cost per flight
	EUR / flight
	G2G ANS cost changes related to technology and equipment
	€/year
	 N/A
	N/A
	N/A

	
	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
	  N/A
	  N/A
	  N/A

	
	
	AUC4
Indirect operating costs for an airspace user
	EUR / flight
	Impact on operating costs that don’t relate to a specific flight. Examples: parking charges, crew and cabin salary, handling prices at Base Stations
	€/year
	 
	Expected benefit thanks to reduced costs of MET provision
	Expected benefit thanks to reduced costs of MET provision 

	
	
	AUC5
Overhead costs for an airspace user
	EUR / flight
	Impact on overhead costs. Examples: dispatchers, training, IT infrastructure, sales.
	€/year
	 N/A
	 N/A
	 N/A

	Capacity
	Airspace capacity
	CAP1
TMA throughput, in challenging airspace, per unit time
	% and # movements
	Tactical delay cost (avoided-; additional +)
	€/year
	 N/A
	 N/A
	 N/A

	
	
	
	% and # movements
	Strategic delay cost (avoided-; additional +)
	€/year
	 N/A
	 N/A
	 N/A

	
	
	CAP2 
En-route throughput, in challenging airspace, per unit time
	% and # movements
	Tactical delay cost (avoided-; additional +)
	€/year
	  N/A
	 N/A 
	 N/A 

	
	
	
	% and # movements
	Strategic delay cost (avoided-; additional +)
	€/year
	  N/A
	 N/A 
	  N/A

	
	Airport capacity
	CAP3
Peak Runway Throughput
(Mixed mode)
	% and # movements
	Value of additional flights
	€/year
	 
 
	 
Expected benefit thanks to more precise weather information 
	 
 Expected benefit thanks to more precise weather information

	
	Resilience
	RES4a 
Minutes of delays
	Minutes
	Tactical delay cost (avoided-; additional +)
	€/year
	N/A
	 N/A
 
	 N/A
 

	
	
	RES4b 
Cancellations
	% and # movements
	Cost of cancellations
	€/year
	  N/A
	 N/A
	 N/A

	
	
	Diversions
	% and # movements
	Cost of diversions
	€/year
	  N/A
	 N/A
	 N/A

	Predictability and punctuality
	Predictability
	PRD1
Variance of Difference in actual & Flight Plan or RBT durations 
	Minutes^2
	Strategic delay cost (avoided-; additional +)
	€/year
	  N/A
 
	 N/A 
 
	 N/A 
 

	
	Punctuality
	PUN1
% Departures < +/- 3 mins vs. schedule due to ATM causes
	% (and # movements)
	Tactical delay cost (avoided-; additional +)
	€/year
	 N/A
	 N/A
	 N/A

	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
	  N/A
	 N/A 
	 N/A 

	
	
	
	
	
	
	 
	 
	 

	Environment
	Time Efficiency
	FEFF3
Reduction in average flight duration
	% and minutes
	Strategic delay: airborne: direct cost to an airline excl. Fuel (avoided-; additional +)
	€/year
	 N/A
	 N/A 
	 N/A

	
	Fuel Efficiency
	FEFF1
Average fuel burn per flight
	Kg fuel per movement
	Fuel Costs
	€/year
	  N/A
	 N/A
	 N/A

	
	Fuel Efficiency
	FEFF2
CO2 Emissions
	Kg CO2 per movement
	CO2 Costs
	€/year
 
	  N/A
	 N/A
 
	 N/A
 

	Civil-Military Cooperation & Coordination
	Civil-Military Cooperation & Coordination
	CMC2.1a
Fuel saving (for GAT operations) 
	Kg fuel per movement
	Fuel Costs
	€/year
	N/A
	 N/A
	 N/A

	
	
	CMC2.1b
Distance saving (for GAT operations)
	NM per movement
	Time Costs
	€/year
	  N/A
	 N/A
	 N/A


[bookmark: _Ref466885765][bookmark: _Toc5865637]Table 5: Results of the benefits monetisation per KPA

4 [bookmark: _Cost_assessment][bookmark: _Toc458079025][bookmark: _Toc465954277][bookmark: _Toc5865587]Cost assessment
For the purposes of this chapter we assume that provision of MET service is not part of ANSP services.  
4.1 [bookmark: _Toc478998077][bookmark: _Toc478998135][bookmark: _Toc478998596][bookmark: _Toc478998887][bookmark: _Toc478999185][bookmark: _Toc478998078][bookmark: _Toc478998136][bookmark: _Toc478998597][bookmark: _Toc478998888][bookmark: _Toc478999186][bookmark: _Toc458079026][bookmark: _Toc465954278][bookmark: _Toc5865588]ANSPs costs
As mentioned in previous chapters we expect that costs of ANSP will be reduced due to expected decrease of MET service costs. More detailed explanation of this decrease is provided in chapter 5.2 Other relevant stakeholders.
4.2 [bookmark: _Toc4488645][bookmark: _Toc4488646][bookmark: _Toc4488654][bookmark: _Toc4488659][bookmark: _Toc4488660][bookmark: _Toc4488661][bookmark: _Toc4488662][bookmark: _Toc4488666][bookmark: _Toc4488690][bookmark: _Toc4488691][bookmark: _Toc4488692][bookmark: _Toc4488693][bookmark: _Toc4488694][bookmark: _Toc4488695][bookmark: _Toc4488696][bookmark: _Toc4488697][bookmark: _Toc4488698][bookmark: _Toc4488702][bookmark: _Toc4488726][bookmark: _Toc4488727][bookmark: _Toc4488728][bookmark: _Toc4488729][bookmark: _Toc4488730][bookmark: _Toc4488731][bookmark: _Toc4488732][bookmark: _Toc4488733][bookmark: _Toc4488734][bookmark: _Toc4488754][bookmark: _Toc4488765][bookmark: _Toc4488766][bookmark: _Toc4488767][bookmark: _Toc4488768][bookmark: _Toc4488778][bookmark: _Toc4488826][bookmark: _Toc4488827][bookmark: _Toc4488828][bookmark: _Toc4488829][bookmark: _Toc4488830][bookmark: _Toc4488831][bookmark: _Toc4488832][bookmark: _Toc4488833][bookmark: _Toc4488834][bookmark: _Toc4488840][bookmark: _Toc4488843][bookmark: _Toc4488844][bookmark: _Toc4488845][bookmark: _Toc4488846][bookmark: _Toc4488850][bookmark: _Toc4488866][bookmark: _Toc4488867][bookmark: _Toc458079050][bookmark: _Toc465954302][bookmark: _Ref4067682][bookmark: _Ref4067693][bookmark: _Ref4067744][bookmark: _Ref4067758][bookmark: _Ref4067900][bookmark: _Ref4067934][bookmark: _Ref4146020][bookmark: _Toc5865589]Other relevant stakeholders
The technological solution PJ.05-05 proposes enabler that should contribute to the ATM Performance Improvement. Costs described in this chapter are derived mostly from expert judgment of CBA development team, available literature [17] and own research. Further research in TRL6 is needed to achieve more specific figures and therefore more accurate and credible results.
During TRL4 new Enabler AERODROME-ATC-92 — Real-time Airport Weather Observation service with Artificial Intelligence algorithms was created. This enabler is currently supported by another two enablers METEO-03c and METEO-04c (DS18 Dataset) [18], however there is currently ongoing discussion with PJ.18 and PJ.19 about reshuffling them and bringing new “order” to MET related enablers and supporting elements. 
4.2.1 MET service provider cost approach 
Primary methods used for obtaining cost figures were expert judgement combined with dedicated analysis. Slovak Hydrometeorological Institute (SHMI) which stands for MET service provider in Slovak republic together with MicroStep-MIS provided estimated values. Local values valid only for Slovak region were in the next step recalculated to achieve ECAC average levels, to allow wider applicability of proposed solution. 
PJ.05-05 is working with only one main enabler AERODROME-ATC-92 which is supported by two other, more generic meteorological enablers. All figures and calculations are built on AERODROME-ATC-92 level. As mentioned in previous chapter, change in organisation of these enablers after DS18 dataset is possible.
[image: ]
[bookmark: _Toc6911449]Figure 1: Enablers used in PJ.05-05
To receive more credibility for the figures and calculations, this document will be submitted for internal as well as external review. This review should be performed by experts from the field analysed in this solution and therefore their feedback will be valuable contribution to the document.
4.2.2 MET service provider cost assumptions
All assumptions are provided in chapter 3.5.3 Assumptions and are related to MET service provider costs.
Table below summarises costs assumptions made by PJ.05-05 CBA team.
	Variable 
	Value	
	Source 

	Annual MET observer costs
	30 000 per year
	PJ.05-05 CBA team assumption

	Overhead costs for provision of MET service for single airport 
(The value includes only costs for renting dedicated room MET office on local airport where MET observer executes his duty. Other costs (energies, internet) are considered to be the same at remote location.)
	3 600
	PJ.05-05 CBA team assumption

	Investment costs for solution (Investments costs for one airport includes HW procurement and installation, SW development, initial test and evaluation, technical documentation and training of MET personnel)
	55 700 Semi-automated mode

66 300 Fully-automated mode
	Estimated by internal experts

	Operational costs for solution
(HW and SW maintenance, training of new personnel)
	2 150 per year for  Semi-automated mode 
1 900 per year for Fully-automated mode
	Estimated by internal experts

	No. of MET observers providing remotely continuous service 24/7 for single aerodrome
	5.5
	PJ.05-05 CBA team assumption


[bookmark: _Toc5865638]Table 6: MET service provider cost assumption
The annual MET observer costs assumption is based on average annual MET observer costs in Slovakia, which was adjusted based on average annual wage ratio between Slovakia and all ECAC countries (Slovak average wage is 61% of ECAC average) 
The overhead costs for provision of MET service for single airport assumption as explained in the table contains only figures that will be reduced when MET service is provided from remote central MET office. Costs for energies and internet connection are considered for both locations to be on the same price level. Cost reduction in this case will then consist from savings on rental costs which MET office needs to pay when it is located directly at the airport tower or at specific aerodrome. 
The investment costs for solution assumption were prepared by MicroStep-MIS experts who took advantage of their vast commercial expertise with product pricing in this discipline. 
The operational costs for solution assumption were determined by MicroStep-MIS experts based on experience with operational costs of similar solutions operated through whole ECAC area. The difference between Fully and Semi-automated mode is caused by the need of training for newcoming remote MET observer.
Number of MET observers providing continuous service 24/7 for single aerodrome was estimated to 5.5 and means decrease of 0.5 personnel in comparison to local provision of service by MET observers. It is expected that the service provided remotely will be centralised into MET office and offered for more airports in the country/ region. In such case the supervisor will be able to cover more personnel on duty and that means decrease in total number of personnel for one airport.
All assumptions provided in this chapter, related to MET service provider costs have substantial impact on calculation of NVP and therefore on whole rentability of proposed Solution from monetary point of view. The assessment of the impact of specific items on NPV is described in chapter 8 Sensitivity and risk analysis.
4.2.3 Number of investment instances (units)
Based on the categorisation of Sub-Operating Environment performed by PJ.20 sWP2.2 WG in SESAR 2020 [19] there are 862 airports categorised as Other and 88 aerodromes categorised as Small in ECAC area. Significant characteristic of these airports is low and irregularly distributed traffic during the year. These airports are primary target group for Remote Tower concept due to inefficiency of keeping them manned all year long. To enhance Remote Tower concept, the Solution PJ.05-05 is focusing on improving the quality of automated meteorological information and offering ability to be provided from remote location. Since manned provision of meteorological service can be significant part of the budget, this can be centralised and provided remotely for several Small/Other airports from one central MET office in country, which can significantly reduce “unit” cost of MET service. Therefore PJ.05-05 concept is not limited only for aerodromes where remote tower is installed and in use but can bring benefits in terms of costs saving to all other conventional towers.
	Number of Airports according to SESAR 2020 Airports' Classification Scheme in ECAC area

	Very Large
	Large
	Medium
	Small
	Other
	Not classified

	12
	19
	77
	88
	862
	98


[bookmark: _Toc488414842][bookmark: _Toc5865639]Table 7: ECAC airport distribution according SESAR 2020 classification [19]
4.2.4 Cost per unit
The following table includes the investment and operating costs that are expected for each solution scenario.

	Cost category
	MET service provider

	
	Fully-automated mode
	Semi-automated mode

	Pre-Implementation Costs

	
	
	SESAR R&D costs (up to V3) are not included as costs in CBA. This CBA is focusing on deployment, i.e. what the stakeholders will pay to put the solution in place [3] and operation. Assumptions made about solution prerequisites need to be taken into consideration.

	Implementation costs (€)

	
	One-off Costs
	7 000
	7 000

	
	Capital Costs
	59 300
	47 200

	
	Transition Costs
	0
	1 500

	Operating costs (€)

	
	Personal
	0
	165 000

	
	Training
	0
	250

	
	Maintenance & Repair
	1 900
	1 900


[bookmark: _Toc488414843][bookmark: _Toc5865640]Table 8: Cost per category

5 [bookmark: _CBA_Model][bookmark: _Toc458079051][bookmark: _Toc465954303][bookmark: _Toc5865590][bookmark: _Ref5865807][bookmark: _Ref5865873][bookmark: _Ref6909589]CBA Model
The following figure shows the CBA model, that includes cost and benefit mechanisms as inputs and NPV, benefit-cost ratio and payback period as outputs.
The calculation of NPV, benefit-cost ratio and payback period is not straightforward, because the exact values of costs and benefits are not known. For this reason, the assumptions were used and sensitivity analysis calculated which displays sensitivity of the model on each category of the variable.  
[image: ]
[bookmark: _Toc6911450]Figure 2: CBA model

5.1 [bookmark: _Toc458079052][bookmark: _Toc465954304][bookmark: _Toc5865591]Data sources
The data required to perform the Cost Benefit Analysis for Solution PJ.05-05 has been obtained from varying sources.
Sources of information are: 
• Data from other studies; 
• Historical data and forecasts; 
• ANSP (LPS SR) internal resources (experts from Technical, Operational and Finance departments);
• ANSP industrial partner’s (MicroStep-MIS) recommendations (experts from Technical, Operational and Finance departments);
• Methodology for the Performance Planning and Master Plan Maintenance, PJ20;
• Airport OE Dataset, PJ20;
• Standard Inputs used in the development of previous Cost Benefit Analyses related to ATM operational improvements.

6 [bookmark: _CBA_Results][bookmark: _Toc458079053][bookmark: _Toc465954305][bookmark: _Toc5865592]CBA Results
[bookmark: _Toc5865593]Deploying Fully-automated mode
The Figure below shows discounted benefits, discounted costs and cumulative cash flow for remotely provided MET service for single remote airport implementing Fully-automated mode solution.
The Investments costs – 66.3 K EUR; Operating costs – 1.9 K EUR.

[bookmark: _Toc6911451]Figure 3: Fully-automated mode
The Table below represents the outputs of the CBA.
	Fully-automated mode (single  remote airport)
	NPV
	Benefit-Cost ratio
	Payback period

	
	1 546 K EUR
	2.7:1
	0


[bookmark: _Toc5865641]Table 9: The outputs of the CBA (Fully-automated mode)
In comparison to Semi-automated mode in this scenario it is expected that with implementation of Fully-automated mode no intervention from MET observer (remote or local) is neccessary. Therefore from the year one significant reduction in costs is achieved, since amount of personnnel costs makes substantial share on total costs compared to investment costs and operational costs.
Furthermore non monetary aspect is applicable here as well. Provision of extended MET information automatically for airport where no human MET observer is present (at all or partially, e.g. in night time) impacts all users of MET data (e.g. Airspace Users (Pilots), airports and TMA Controllers) in positive way (in terms of safety, capacity), because current capacities of automatic MET information provision does not contain all aeronautically significant data. Therefore usability of such airport will be enhanced by improved quality of MET information provided. However, enhancement of MET information is not as significant as for Semi-automated mode.
This improved weather information, once properly integrated within air traffic management decision-making process, facilitates the advantage of staying up to date with the latest weather situation for airspace users, airports and air navigation service providers.
It is expected that main benefits of remote provisioning of MET service will be appreciated in locations where it is already difficult to find qualified personnel, or it is difficult to motivate them to relocate.
[bookmark: _Toc5865594]Deploying Semi-automated mode
The Figure below shows discounted benefits, discounted costs and cumulative cash flow for remotely provided MET service for single remote airport implementing Semi-automated mode solution.
The Investments costs – 55.7 K EUR; Operating costs – 2.15 K EUR.

[bookmark: _Toc6911452]Figure 4: Semi-automated mode
The Table below represents the outputs of the CBA.
	Semi-automated mode (single  remote airport)
	NPV
	Benefit-Cost ratio
	Payback period

	
	93.1 K EUR
	1:3.5
	4 years


[bookmark: _Toc518031315][bookmark: _Toc524083076][bookmark: _Toc5865642]Table 10: The outputs of the CBA (Semi-automated mode)
In this table the benefit of implemeting Semi-automated mode for provision of MET service for single airport seems to have positive results in fourth year of operations. As was already indicated in previous chapters this Solution is currently in TRL4 maturity level. Even though it is not expected that financial figures will significantly change in TRL6, one of the elements for further research would be abbility of MET observer to handle provisioning of remote MET service simultaneously for more than one aerodrome. In such case there will be remarkable change in financial benefits due to reduction in the number of MET observers per single aerodrome.
There is also non monetary aspect of this solution. Provision of extended MET information remotely for airport where no human MET observer is present (at all or partially, e.g. in night time) impacts all users of MET data (e.g. Airspace Users (Pilots), airports and TMA Controllers) in positive way (in terms of safety, capacity), because current capacities of automatic MET information provision does not contain all aeronautically significant data. Therefore usability of such airport will be enhanced by improved quality of MET information provided.
This improved weather information, once properly integrated within air traffic management decision-making process, facilitates the advantage of staying up to date with the latest weather situation for airspace users, airports and air navigation service providers.
It is expected that main benefits of remote provisioning of MET service will be appreciated in locations where it is already difficult to find qualified personnel, or it is difficult to motivate them to relocate.
[bookmark: _Toc5865595]Deploying solution in ECAC
Project PJ.05 Remote Tower is focusing and expected to bring benefits to airports classified as Small and Other. The essence of the Solution PJ.05-05 is provisioning of MET service remotely and it is not limited to the size or complexity of the aerodrome. However from economic point of view, most interesting results when it comes to costs savings and benefits it brings for Small and Other airports because for these aerodromes the presence of MET personnel makes significant share of costs compared to its total costs. For these and other reasons mentioned in section 4 Benefits, it is expected that main benefit after considering all aspects it would have for these (Small and Other) groups of airports. In ECAC area there is currently 88 airports categorised as Small and 862 categorised as Other. 
As mentioned in chapters through this document the current level of maturity is TRL4. For fully mature Semi-automated mode solution it is expected that it will be offered from central MET office covering more than one airport to multiply the benefit. The validation of this option is expected to be performed in TRL6. It was not calculated how many airports could be possibly handled by one MET observer and therefore it is not known what would be the costs of such solution. Applicability to ECAC level is hence provided in relation to D2.1.007 PJ05 CBA document for Fully-automated mode (30 installations). For Semi-automated mode assumption of 60 installations was made, however these numbers are very modest when considering the number of investment instances. All calculations are provided in CBA model embedded in chapter 6.

[bookmark: _Toc6911453]Figure 5: ECAC deployment Fully-automated mode


[bookmark: _Toc6911454]Figure 6: ECAC deployment Semi-automated mode
7 [bookmark: _Sensitivity_and_risk][bookmark: _Toc458079054][bookmark: _Toc465954306][bookmark: _Ref4153480][bookmark: _Ref4153483][bookmark: _Toc5865596]Sensitivity and risk analysis
Sensitivity analysis tests the effect of changes in variable values. Different NPV values are calculated by varying one given input between its low and high value, while keeping all other inputs at their base values. 
The values for low and high margins (+/- 33.33%) were chosen to provide evidence of sensitivity of NPV on change in cost type. The discount rates for low and high margin was selected based on advice from EUROCONTROL CBA team.
	Variable tested
	Low
	Base
	High

	
	F-AM
	S-AM
	F-AM
	S-AM
	F-AM
	S-AM

	Investment costs (thous. €)
	44.2
	37.14
	66.3
	55.7
	88.4
	74.26

	Operational costs (thous. €)
	1.27
	1.43
	1.9
	2.15
	2.53
	2.87

	Discount rate
	4%
	6%
	8%


[bookmark: _Toc524083080][bookmark: _Toc5865643]Table 11: The outputs of the CBA (Full and Semi-automated mode) (ECAC)
Figures below illustrates the relative sensitivity of the variables of the model in case of Fully and Semi-automated mode. In case of Fully-automated mode NPV is most sensitive on changes in the level of discount rate due to rather low amount of investment and operational costs in comparison with expected benefits. 

[bookmark: _Toc6911455]Figure 7: Sensitivity analysis Fully-automated mode
Also in case of Semi-automated mode highest influence on NPV has discount rate. The sensitivity to other variables is more significant here due to the fact that change in these values largely influence resulting NPV.  
 
[bookmark: _Toc6911456]Figure 8: Sensitivity analysis Semi-automated mode
The PJ.05-05 Solution is currently aiming to achieve TRL4 maturity level and after discussion with EUROCONTROL CBA team it was agreed that NPV risk analysis does not need to be calculated in this stage of the project.
8 [bookmark: _Recommendations_and_next][bookmark: _Toc458079055][bookmark: _Toc465954307][bookmark: _Toc5865597]Recommendations and next steps

As mentioned in chapters through this document the current level of maturity is TRL4. Therefore this TRL4 CBA is produced with the aim to assess the benefits of proposed Solution in TRL4, which main focus is on feasibility assessment. CBA prepared in this level will be building on current level of concept maturity considering only initial feasibility assessment of proposed technological solution. Full picture of CBA will be achieved in TRL6 after further development and testing of the concept is completed. It implies also recommendations and next steps. 
One of the elements for further research would be ability of MET observer to handle provisioning of remote MET service simultaneously for more than one aerodrome from a central MET office. The validation of this option is expected to be performed in TRL6. It was not tested how many airports could be possibly handled by one MET observer and therefore it is not known what would be the costs of such solution. Nevertheless, in such case there will be remarkable change in financial benefits not only due to reduction of overhead costs (see Section 5.2.2), but also in the number of MET observers per single aerodrome.
Based on the results obtained during validation exercise for Advanced Automated MET System summarized in the TRL4 TVALR [20] the following recommendations for next development of the system appeared in order to further enhance quality of MET information from airport without MET observer representing non-monetary benefits of the Solution:
Improve methodology for statistical evaluation of results to eliminate human factor (subjective assessment, sometime not for exactly the same time). More observers would create METAR message on-site in exact time point and also more remote observers would create AUTOMETAR message using the system and camera images from exactly the same time.
Address the wiper problems
Increase frequency of observations and extent to 24 hours
Statistical evaluation of all concerned MET parameters at larger dataset.
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10 [bookmark: _Ref474756017][bookmark: _Ref474756048][bookmark: _Toc5865601]Appendix
Mapping between ATM Master Plan Performance Ambition KPAs and SESAR 2020 Performance Framework KPAs, Focus Areas and KPIs, source reference [7] 
	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

	
	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


[bookmark: _Toc4488923][bookmark: _Toc5865644]Table 12: Mapping between ATM Master Plan Performance Ambition KPAs and SESAR 2020 Performance Framework KPAs, Focus Areas and KPIs
-END OF DOCUMENT-

Remotely provided MET using Fully automated mode (discount rate = 6%)	
discounted costs	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	-62.547169811320749	0	0	0	0	0	0	0	0	0	0	0	0	discounted benefits	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	171.41509433962261	161.71235315058738	152.55882372696919	143.92341861034831	135.77681000976253	128.09133019788916	120.84087754517844	114.00082787280986	107.54795082340554	101.46033096547691	95.717293363657447	90.299333361940981	85.188050341453746	cumulative cash flow (discount rate = 6%)	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	108.86792452830187	270.58027767888927	423.13910140585847	567.0625200162068	702.83933002596928	830.93066022385847	951.77153776903697	1065.7723656418468	1173.3203164652523	1274.7806474307292	1370.4979407943867	1460.7972741563278	1545.9853244977817	
Thousands of Euros


Remotely provided ATS for Multiple Aerodromes (discount rate = 6%)	
discounted costs	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	-52.547169811320757	0	0	0	0	0	0	0	0	0	0	0	0	discounted benefits	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	15.518867924528301	14.640441438234244	13.811737205881361	13.029940760265434	12.292396943646635	11.596600890232674	10.940189519087427	10.320933508573045	9.7367297250689102	9.1855940802536882	8.6656547926921572	8.1751460308416579	7.7124019158883561	cumulative cash flow (discount rate = 6%)	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	-37.028301886792448	-22.387860448558204	-8.576123242676843	4.4538175175885915	16.746214461235226	28.342815351467898	39.283004870555324	49.603938379128365	59.340668104197277	68.526262184450971	77.191916977143123	85.367063007984783	93.079464923873132	
Thousands of Euros


Remotely provided MET using Fully-automated mode deployment for 30 locations (discount rate = 6%)	
discounted costs (6%)	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	-187.64150943396223	-295.0338198647205	-389.66730925529117	-472.64228885412672	-297.25930116611738	0	0	0	0	0	0	0	0	benefits (discount rate = 6%)	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	514.24528301886778	1293.698825204699	2288.3823559045381	3454.1620466483596	4073.3043002928762	3842.7399059366753	3625.2263263553536	3420.0248361842964	3226.4385247021664	3043.8099289643073	2871.5188009097237	2708.9800008582297	2555.6415102436126	cumulative cash flow (discount rate = 6%)	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	326.60377358490564	1325.2687789248839	3223.9838255741306	6205.5035833683633	9981.5485824951211	13824.288488431797	17449.514814787151	20869.539650971448	24095.978175673616	27139.788104637923	30011.306905547644	32720.286906405876	35275.928416649491	
Thousands of Euros


Remotely provided MET using Semi-automated mode deployment for 60 locations (discount rate = 6%)	
discounted costs (6%)	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	-315.28301886792457	-594.87362050551803	-701.50191097348795	-794.15310676243928	-374.60052205775435	0	0	0	0	0	0	0	0	benefits (discount rate = 6%)	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	93.113207547169793	263.52794588821638	455.78732779408489	664.52697877353705	737.54381661879802	695.79605341396029	656.41137114524554	619.25601051438264	584.20378350413455	551.13564481522121	519.93928756152934	490.50876185049935	462.74411495330128	cumulative cash flow (discount rate = 6%)	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	-222.16981132075472	-553.51548593805614	-799.23006911745927	-928.85619710636138	-565.91290254531771	129.88315086864259	786.29452201388813	1405.5505325282707	1989.7543160324053	2540.8899608476268	3060.8292484091562	3551.3380102596557	4014.0821252129572	
Thousands of Euros


pos 	Operational costs 	Investment costs 	Discount rate 	3.6354193715917305E-3	1.3704019408563362E-2	0.12460900560122212	neg	Operational costs 	Investment costs 	Discount rate 	-3.6354193715917305E-3	-1.3704019408563362E-2	-0.12460900560122212	


pos 	Operational costs 	Investment costs 	Discount rate 	6.8743286788399693E-2	0.18796992481203012	0.18904403866809893	neg	Operational costs 	Investment costs 	Discount rate 	-6.8743286788399693E-2	-0.18796992481203012	-0.18904403866809893	
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