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Spanish study of costs and benefits shows
profitable results at country-wide level

A recent cost-benefi,t analysis comfleted by Slain reaeals that the aalue of tke beneft,ts prouided by
tke new CNS/ATM systerns owtweigtrr the costs of their irnplernentation in a nwrnber of different
scenarios. In all cases stwdied, tke benefr.ciaries inclwded tke ATS proaider, aircraft operator and
airline fassenger.
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HE GLOBAL communications,
navigation, surveillance and air
traffic management (CNS/ATM)

systems concept now being implemented
worldwide was adopted by ICAO contract-
ing States in 1991. Aside from the evident
technological advantages offered by the
new systems, support for the concept came
from a broad economic study which indi-
cated that, on a global basis, the benefits
greatly exceeded the costs of implement-
ing the new technologies.

Although this study showed that imple-
mentation of the future air navigation sys-
tem concept was cost-effective on a global
basis, more information was needed con-
cerning its implications at the regional and
national levels. For that reason, States
were urged to undertake their own cost-
effectiveness and / or cost-benefit analyses
to determine how they would be affected
by the implementation of the new systems.

In Spain, the Aeropuertos Españoles y
Navegación Aérea (Aena) initiated a cost-
benefit analysis with the objective of evalu-
ating the economic feasibility of imple-
menting the new technologies nationally
and analysing the different implementation
alternatives for the purpose of determining
which was the best option. The study fo-
cused onthe airspaces depicted inFigure 1.

The analysis, performed over a 10-
month period by a team of personnel from
Aena's Directorate of Systems and Facili-
ties and from the consulting firm Arthur
Andersen, was completed in June 1996.
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The overall results revealed that the value
of the benefits outweigh the costs in sever-
al different scenarios.

Analysis methodologr
The cost-benefit analysis was performed

by comparing the so-called "project case"
(implementation of the CNS/ATM systems
concept) with the "base case" (retention of
the existing ground-based technology in
the long term). The analysts determined
the net benefit, or rather the net present
value NPV], of tlre new systems, presented
in detail in an ICAO publication, Econom-
ics of Satellite-Based Air Navigation Ser-
vices (ICAO Circdar 257).

The ICAO guidance material focuses pri-
marily on methods for determining the
costs of operating the existing and new sys
tems and on the impact of these two sys-
tems on the cost of operating aircraft. Imple
mentation of new CNS/ATM systems is
complex and consists of a package of invest-

Figure L The cost-benefit analysis for Spain
focused on peninsular FlRs and the Canarias FlR.

ments. Measures of the viability of the new
investment package (i.e. the project case)
are based on a comparison with the costs of
maintaining the existing systems in the
absence of a transition to the new technolo-
gies (i.e. the base case). In other words, the
benefits from implementing the CNS/ATM
systems will include the cost savings from
withdrawal of the ground-based facilities of
the existing systems. The benefits will also
include the reduction in aircraft operating
costs brought about by increased airspace
capacity and,/or more direct flight paths
made possible by the new systems.
Reduced flight times for passengers are
another benefit which can be exoressed in
monetary terms.

The NPV or lifecycle approach is a rigor-
ous method for deveioping a measure of the
expected economic performance of an
investment project, and focuses on the
annual cash flows of costs and beneflts relat-
ed to the project. As noted in the ICAO cir-
cular, these costs and beneflts in cash-flow
terms will not be distributed evenly over
time. Typically, there will be large expendi-
tures in the early years of a new project, fol-
lowed by many years of benefits as well as
of operating and maintenance costs.

Figure 2 shows the general methodo-
logy applied in the cost-benefit analysis
undertaken for Spain. This methodology is
based on the NPV approach.

The base case includes the investments
and costs for maintenance, operation, train-
ing, etc., which would be incurred over the
next 20 years if the new systems were not
implemented and the conventional technol-
ogy continued to be used. The project case
includes investments and costs related to
implementation of the CNS/ATM systems
over a 2O-year period. The project case
costs correspond to both advanced sys-
tems and to current-technology systems,
such as SSR, which might also be present
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in the project case. The project case also
accounts for benefits to arise from efficien-
cies such as more direct flight paths and a
reduction in delays.

Substantial annual expenditures which
are common to both the project case and the
base case during the entire analysis period,
including many of the costs of maintaining,
expanding and operating Spain's ATC sys-
tem (known as SACTA), were excluded
ft'om the cost calculation.

Implementation scenarios
Since the CNS/ATM systems concept

offers different alternatives based on the
type of equipment used to perform the var-
ious functions, 12 scenarios were consid-
ered for the project case. The differences
between these scenarios are limited to the
equipment in use for air-ground communi-
cations and for surveillance.

The two air-to-ground communications
alternatives which differentiate the scenar-
ios are very high frequency [/HF) data link
(or \{DL), used for voice and data, and aero-
nautical mobile satellite service (AMSS)
voice and data. In surveillance, the alterna-
tives are monopulse secondary surveillance
radar MSSR), Mode S radar and automatic
dependent surveillance (ADS), based either
on VDL or AMSS. The navigation system,
common to all scenarios, is based on satel-
lite systems augmented by the European
geostationary navigation overlay service
(EGNOS), which is a wide area augmenta-
tion system WAAS) allowing for Category I
approaches. The local area augmentation
system (IAAS) and the microwave landing
system (MIS) are the alternatives for Cate-
gory II and III approaches. The ATM sys-
tem, also common to the 12 scenarios con-
sidered, is based on the current ATC
system and is augmented mainly by auto-
mated and expert ATC systems which will
support controller-pilot data link communi-
cations (CPDLC) and perform part of the
current controller's routine work. This
reduction in workload will allow the con-
troller to manage a higher number of air-
craJt and therefore increase ATC capacity.
The most important element of on-board air
traffic management is the area navigation
(RNAV) equipmentwhich will support clos-
er and more direct routes. In all project case
scenarios, it is assumed that equipment
such as VOR, DME, NDB and IIS are pro-
gressivelywithdrawn from service, and that
primary radar is replaced by ADS in most
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cases, with the number of secondary radars
kept to a minimum. Voice communications
are replaced progressively by data commu-
nications.

The scenario generating the mostimpres-
sive results, later known as Scenario 1,
assumes the implementation of the follow-
ing technologies: in continental airspace,
communications would be provided using
VDL (redundant configuration), navigation
would be based on \MAAS-EGNOS plus
IAAS or MLS, and surveillance using
MSSR (single coverage) plus ADS (VDL).
ATM would be based on the SACTAATC
system plus expert systems and automa-
tion. In oceanic airspace, communications
would be carried out using AMSS (redun-
dant conflguration) and surveillance would
be based on ADS/AMSS (redundant con-
figuration). Both the navigation and ATM
systems would be as described for conti-
nental airspace (except for IAAS/MIS).

The implementation of these technolo-
gies by the ATS service providers needs to
be accompanied by the installation of cor-
responding compatible avionics on board
the aircraft fleet. In Scenario 1, it is
assumed, for example, that 100 per cent of
the commercial and instrument flight rules
(IFR) general aviation fleets will become
equipped with EGNOS/WAAS navigation,
VDL and time division multiple access
(TDMA) communications, and ADS sur-
veillance; satellite communications equip-
ment (AMSS) will be installed in 50 per
cent of the international commercial and
IFRgeneral aviation fleets; and so on.

Efficiency benefits
The improvements in navigation, com-

munications and surveillance, and air traf-
fic management expected from implemen-
tation of the new systems will generate
benefits in the form of improved flight effi-
ciencies and a reduction in delays. For air-
craft operators, these improvements will
generate savings in fuel and other aircraft
operating costs. For the passengers, they
will result in reduced travel time.

The efficiency benefits represented by
the project case (i.e. the 12 different sce-
narios) have been calculated for a maxi-
mum number of aircraft equal to the maxi-
mum number that the base case could
accommodate.

Although it is evident that the project
cases could manage more aircraft than the
base case, the possible benefits deriving

Figure 2. Methodology for the calculation
of the net present value.

from these additional aircraft have not been
quantified. This is because the validity and
significance of these benefits is question-
able. In the base case, once the maximum
number of aírcraft. that the ATS system is
able to accommodate has been reached,
the growing passenger demand could con-
tinue to be satisfied by simply replacing
existing aircraft with aircraft of greater
capacity. The benef,ts for operators coming
from such replacements - which are not
quantified in the base case - would be
counterbalanced by the benefits derived
from the deployment of additional aircraft
possible under different scenarios of the
project case, at least for the 20-year period
considered in the analysis.

It has been assumed that all scenarios
eventually produce the same amount of
benefits in terms of improved flight effi-
ciencies and decreased delays. Obviously,
some scenarios have slight advantages
over others from an operational standpoint
(e.g. better coverage at low altifudes or in
mountainous areas, better redundancy lev-
els, lower data-link transit delays, etc.), or
even from an institutional standpoint,
which should be taken into consideration
in deciding between scenarios with a simi-
Iar cost-benefit ratio.

PROJECT CASE COSTs, BY YEAR (CP)
.  Equ ipment
¡ Maintenance
. Purchase of services

(satel l i te communications, etc.)
.  Training

PROJECT CASE COSTS, BY YEAR (CB)
.  Equ ipment
.  Ma in tenance
. Training

PROJECT CASE BENEFITS, BY YEAR (BP)
o Savings due to f l ight eff iciencies:

- more direct f l ight paths
- improved cl imb and descent prof i les
- increased access to optimal cruise

alt i tudes
. Savings due to reduction in delays
. Passengers' t ime savings

NET BENEFII, BY YEAR
Bp-  (C r -  C r )=  Bp -  Cp+  Cs

NET PRESENT VALUE (NPV)
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Flight efficiencies
The improvements to arise from CNS/

ATM systems implementation will bring
about increased efficiency in the form of
direct routes, shorter and more efficient
approach and takeoff procedures, improved
climb and descent profiles, and a greater
availability and utilization of optimal flight
levels. These efflciencies will generate
economies in fuel and crew costs.

For the purpose of quantifying all these
cost savings, which will mainly benefit air-
craft operators, the percentage of aircraft
equipped at any given time with the
required avionics had to be estimated. Also
estimated were the dates on which both
the new CNS/ATM systems and the air-
space structures and associated proce-
dures needed to achieve the above-men-
tioned efficiencies are expected to come
into operation.

The improvements in efficiency are
based mainly on:
oprecision RNAV navigation, using
EGNOS (WAAS), which will permit imple-
mentation of a concept called "reduced lat-
eral route spacing" and, consequently, a
much more efficient direct route structure
characterized by the extensive use of close
ly spaced pairs of parallel airways oriented
in opposite directions rather than bidirec-
tional airways. The elimination of bidirec-
tional airways will allow optimum climb
and descent profiles, which wilt not be
staggered since aircraft will not be limited
by traffic in the opposite direction.
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¡the reduction in the controller's workload
per aircraft as a result of the progressive
implementation of new automated func-
tions which will, in turn, make extensive
use of the air-ground data link and CpDLC
messages. This reduced workload will make
it possible for the controller to increasingly
atthoize more direct trajectories, especial-
ly in the terminal control area during
approach and take-off.
.improved surveillance, based on ADS
and its integration with radar, making it
possible to apply increasingly smaller sep-
aration minima since greater levels of pre-
cision, availabiliry, integrity and continuity
of service will be ensured.

Another assumption is the dates when
the stated efficiencies can be expected to
take effect. These milestones are depen-
dent on when the CNS/ATM systems
themselves will begin to operate in the air-
space concerned, and the date of this
development, in turn, is a reflection of the
selected scenario. There are several sce-
narios, but the element that sets them
apart and has the most effect on the devel-
opment of flight efficiencies is the data-link
system, which may take the form of AMSS
or YDL. In the case of AMSSbased scenar-
ios, flight efficiencies would begin to take
effect in 2003 and be fully achieved by
2006. For \EL scenarios, it is assumed that
flight efficiencies would also be achieved in
2003, but not tully achieved until 2010.

Efficiencies are expected to flrst appear
in 2003 in both AMSS and \lDL scenarios

despite the fact that avionics compatible
with ¿lieAMSS willbegin to be implemenú-
ed much earlier than YDL avionics. The
reason for this is that improvements in effi-
ciency will not be significant until EGNOS
(WAAS) is available. The AMSS scenarios
assume that maximum improvements in
efficiency are achieved more quickly than
in the VDL scenarios because AMSS data
link will be implemented in all aircraft
before \rDL can be fully in place.

The quantification of savings in time and
fuel, derived from the flight efficiencies
provided by the project cases over the base
case, has been a difficult and complex task.
The analysis shows that once the new
CNS/ATM systems have been fully imple-
mented, the savings that result from
improved climb and descent profiles and
the greater availability of optimal flight lev-
els in the Canarias Flight Information
Region @IR) would amount to 1.5 per cent
of the total fuel thatwould be consumed by
all aircraft in the base case. For the penin-
sular FIRs as a whole, the savings would be
1.3 per cent.

The savings generated by direct routes
and shorter trajectories in terminal control
areas in the Canarias FIR would be 2.T per
cent of the total flight hours that would be
flown in the base case by all aircraft. For
the peninsular FIRs as a whole, it would be
3.4 per cent. Obviously, a reduction in flight
hours means fuel and crew cost savings.

Reduction in delays
Srhen traffic volumes approach the the-

oretical traffic handling capacity of the air-
space, the resultant congestion may cause
delays in flights and disruptions to timeta-
bles. Unless capacity is increased, growth
in demand would cause congestion and
delays to escalate rapidly, with serious con-
sequences for aircraft operating costs and
passenger transit time. Furthermore, unac-
ceptable delays will constrain demand,
since passengers will opt for other, more
efficient, means of transport. Reduced sep-
aration standards and improved airspace
management made possible by the imple-
mentation of the CNS/ATM systems will
increase capacity and hence eliminate
most of the congestion costs that might
otherwise be incurred.

In order to estimate the benefits to
result from a reduction in delays, it has
been necessary to forecast the extent of
the delays that would be expected year-by-

1999 2002 2005 20r4

Figure 3. Costs and benefits to 2015 resulting from systems implementation under Scenario l.
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year in the event that the CNS/ATM sys-
tems are not implemented.

The benefits that have been taken into
account are only those related to flights
which depart or arrive at Spanish airports.
These benefits have been calculated sepa-
rately for domestic flights, which are con-
strained by the capacity limitations of the
Spanish ATS system, and for international
flights, as they are constrained mainly by
the capacity limitations of the European
ATS system.

For the purpose of estimating the bene-
fits from a reduction in delays, it has been
assumed that the increase in theoretical
capacity over the base case - as a conse-
quence of CNS/ATM systems implementa-
tion - will grow to 50 per cent between
2002 and 2015. Were CNS/ATM systems
not implemented, it is estimated that
increasing delays would prevent further
domestic traffic growth (in terms of the
number of flights) from 2008, with interna-
tional traffic reaching a plateau in 2003.
The average hourly cost of a delay was
assumed to be between U.S. 31.223 and
$1,408, depending on aircraft type.

Time savings for passengers
CNS/ATM improvements that allow

more direct flight trajectories and reduce
airspace congestion and flight delays will
also reduce passengers' travelling time. If
passengers value such time savings, they
of course represent an additional benefit.

Time savings will depend on aircraJt size
(the average number of seats for each type
of aircrafl), average load factors, and the
value of passenger time.

The value of passenger time is, in prac-
tice, extremely difficult to quantify and

Figure 4. The net present value in thousands of
dol lars for 12 scenarios. A posit ive outcome is
indicated for each scenario.
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GNS/ATM improvements that reduce flight delays will also reduce passengers'trav-
elling time, but the value of this benefit is difficutt to quantify. Boe¡ns photo

depends on passenger perceptions and trip
purpose (e.g. leisure or business). Since its
validif is sometimes questioned and ulti-
mately depends on the passenger's willing-
ness to pay for it, this benefit has not been
included in the calculation of a project case
net benef,t; nevertheiess, it has been calcu-
lated for information purposes, taking into
account the flight hours saved, and assum-
ing an approximate cost of $25 per hour (a
value obtained from a cost-benefit analysis
of high-speed train services in Spain).

Results of the analysis
The results show that all of the aiterna-

tives are profitable at a country-wide level,
both from the perspective of the ATS ser,
vice provider and the aircraft operator. The
analysis also showed, of course, that al1
alternatives are beneficial to the passenger.

Figure 3 illustrates the annual flow of
costs and benefits over the 2O-year period
for Scenario 1. The overail net present value
for Scenario 1, including the impacts on the
ATS service provider and the aircraft opera-

tors, is estimated to be $389 mil-
lion (a11 financial figures in U.S.
currency). This was better than
the equivalent results for the
other scenarios. For Scenario 1,
the NPV for the ATS provider is
$82 million, and for the aircraft
operators, 9307 million. The
value of the passenger time sav-
ings is estimated to be $823 miL
lion for this scenario - an
impressive, although perhaps
debatable additional benefi t.

Figwre 4 presents a summary
of the results for all the scenar-
ios. The benefits from a reduc-
tion in passenger travel time

have not been included in the total benefit
since, as stated previously, their validity is
sometimes questioned. However, these
benefits have been measured and are ore-
sented independently.

Although the investment and opera-
tional costs of the project case are in all
scenarios greater than those of the base
case, the benefits from an improvement in
flight efficiencies and a decrease in flight
delays produce overall positive results.

Since there are no great differences in
the profitability of the different scenarios,
sensitiviff analysis takes on special signifi-
cance. This is so because a small difference
in the value of certain variables, such as the
cost per kilobit of satellite communications,
could affect the profit-based ranking of the
scenarios. For example, if this cost were
$0.40 instead of $0.50. Scenario 5 - where
double surveillance coverage is proüded by
ADS/\DL and ADS/AMSS, and where
satellite communications offer redundancy
and service in areas not covered by the \DL
-would be as profitable as Scenario 1.

It has not been the goal ofthis cost-bene
fit analysis to reach a final conclusion about
what is the best possible alternative for
Spain, since that decision must also take
institutional and political issues into consid-
eration. This analysis and its results are
offered as guidance in finding the best pos-
sible alternative. It could also help other
analysts to perform more detailed calcula-
tions, and help generally in planning the
implementation of the CNS/ATM systems
in Spain.
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Aeropuertos Españoles y Navegación Aérea (Aena).
lViguel  Nárdiz is  the Analysis Execut ion Director  for
Arthur Andersen,  a consul tancy specia l iz ing in f inancia l
maIIers.
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