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Astana Recommendation Summary 

• Either upgrade the current Category 2 ILS to a Category 3 ILS, or purchasing a new 
Category 3 ILS. 

• Acquiring and implementing a surface movement radar system to be able to safely 
handle aircraft ground traffic during limited visibility. 

• Develop a plan and schedule for decommissioning the NDBs. 

• Develop a post-warranty Skyline plan to ensure continued reliable operations and 
services from the system. 

• Obtain a separate processor, run the Skyline software on this new processor 
(reportedly this would be permitted at no additional cost), connect the two unused 
workstations to that processor, and use these two workstations for upgrades, testing 
and training. 

• Acquire 132-cliannel digital voice recorders with the ability to also record radar data. 

Kyrgyzstan Recommendation Summary 

• 

• 

• 

• 

• 

• 

Purchasing new digital VHF transmitters and receivers or transceivers that can be 
collocated in the same physical facility and use the same basic antenna systems; 
decommission the communications facility in town; and relocate all communications in 
a single Manas airport location. 

Developing a plan to phase-out the NDBs in Kyrgyzstan and at the same time, initiate 
a program to develop and implement Global Navigation Satellite System (GNSS) 
enroute, terminal, arrival and departure procedures for those locations currently 
serviced by NDBs. Since Kalashnikov Vasily AIS Navigation Service develops 
procedures for Kyrgyzstan airspace operations and sends them to Rosjep for 
publication and distribution, it is recommended that both organizations be contacted 
to determine if they have the capability and experience to develop and publish GNSS 
procedures for domestic and international aviation users. 

Near-term actions be taken to establish a repair and maintenance contract with 
Wilcox and a plan be developed to either upgrade or replace the existing system as it 
nears the end of its service life. 

Developing and implementing a plan for improving commercial power supply systems 
to all airport locations in Kyrgyzstan. In addition, to the commercial system, it is 
suggested that the current back up power systems be evaluated for performance and 
adequacy. 

Immediate consideration be given to modifying the pay scale to be able to retain 
qualified personnel. 

Upgrading or replacing the current radar systems as soon as possible due to the age 
and increasing difficulty of obtaining spare parts for the current systems; the 
operational limitations imposed on the air traffic controllers because the current 

377 



~ 

'" ""---~ 
.~. 

equipment is not ICAO compliant; flight safety concerns; and the need to provide 
reliable radar services to satisfy near-term and future airspace requirements. 

• Either modernizing the Manas tower or building a new tower to permit the collocation 
of runway and ground control personnel. 

• Purchasing a communications switch for the sole use of Kyrgyzaeronavigatsia. 

• Install a phone set be to permit the use of the satellite communications system. 

Tajikistan Recommendation Summary 

• Immediately begin the development of a plan to obtain post-warranty repair and 
maintenance support for all recently purchased CNS/ATM equipment prior to the end 
of the one-year manufacture warranty period. 

• Replacing or modernizing the vintage HF communications equipment and systems. 

• In accordance with ICAO recommendations, consideration be given to developing an 
airspace restructuring plan based upon the use of satellite navigation positioning. 
Systems such as the Global Positioning System (US), GLONASS (Russian), and 
Galileo (Europe) will provide a robust navigation capability for Tajikistan and enable 
the reduction of ground-based navigation aids such as the NDBs. This airspace 
restructuring plan should also include a schedule for the decommissioning of the 
current NDBs. 

• A country wide program be established to develop and implement GNSS approach 
and departure procedures for all Tajikistan airports. 

• Developing an education and training program for all Tajikistan air traffic components; 
to include both maintenance and operational personnel. 

• Determine the options for either modifying the current tower or constructing a new 
facility to enable the full and unobstructed view of the entire ramp and the end of 
runway 09. 

• Investigate the software change and maintenance options for the new ATC 
equipment. 

Turkmenistan Recommendation Summary 

• 

• 

Turkmenhovayollary needs to improve and upgrade their VHF and HF 
communications infrastructure. The present VHF and HF communications capability 
are older models and has frequent failures. VHF repeaters need to be replaced with 
additional frequencies and the VSATs repaired. Ashgabat ACC personnel indicated 
that communications were a problem, but some improvement has been noted. The 
controllers seem to believe that communications would be a larger problem in the 
near future if not corrected now. 

Satellite navigation is not authorized in Turkmenistan. GNSS could resolve most of 
their NAVAID problems. Action needs to be taken to begin the process to approve 
GNSS for use in Turkmenistan. Turkmenhovayollary has a limited number of 
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navigational facilities and they are older models which are getting more difficult to 
maintain due to a lack of spare parts. 

• We recommend the implementation of the ATN that should begin with the 
implementation of AMHS (Aeronautical Message Handling Service). The AFTN is 
being replaced with AMHS and many countries have already started or completed 
implementing AMHS. There is no guarantee on how long that the AFTN will remain in 
service. 

• Turkmenistan needs to implement RNAV procedures with RVSM. There are presently 
no RNAV or RVSM procedures in effect. RVSM would increase the useable altitudes 
above FL 290 thereby saving fuel and money for the air carriers. RNAV would provide 
more direct routes reducing flight time, fuel burn, and would also save money for the 
users. 

• Turkmenhovayollary should convert to the WGS-84 datum as soon as possible to 
meet an ICAO recommendation that all states convert to WGS-84 datum. At present 
there are no plans to convert. 

• The ACCs should consider the use of radar handoffs between facilities wherever 
possible to expedite traffic and keep aircraft in radar contact when possible. 

• Turkmenhovayollary needs to install ATIS at their major airports. This will relieve both 
controller and pilot workload. 

• Turkmenhovayollary needs to consider UPS at their major facilities. The generators 
we viewed were old and may not perform as well as required when used. 

• It is also recommended that Turkmenhovayollary consider English training for their 
controllers. While we were in the ACC we noticed that the English used by controllers 
was broken at times and it was evident that some refresher language training may be 
needed. 

Uzbekistan Recommendation Summary 

• Uzaeronavigatsia needs to improve and upgrade their VHF and HF communications 
infrastructure. More than 60% of the VHF units are more than 16 years old and about 
95% of the HF equipment is more than 15 years old or older. Tashkent personnel 
indicated that communications were a problem and would be a larger problem in the 
near future. 

• Action needs to be taken to begin the process to approve GNSS for use in 
Uzbekistan. Due to the lengthy process that was indicated in approving GNSS, action 
needs to begin quickly. The VORIDME system is old and getting more difficult to 
maintain due to a lack of spare parts. New Doppler systems are expensive and will 
take a couple of years to install if new ones are procured. Most of the navigational 
concerns of Uzaeronavigatsia can be resolved with the approval of GNSS .. 

• We recommend the implementation of the ATN that should begin with the 
implementation of AMHS. The AFTN is being replaced with AMHS and many 
countries have already started or completed implementing AMHS. There is no 
guarantee on how long that the AFTN will remain in service. 
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• Uzaeronavigatsia needs to implement RNAV procedures with RVSM. There are 
presently no RNAV procedures in effect, but lATA is pushing for RNAV procedures 
through eastern and central Asian states. RVSM would increase the useable altitudes 
above FL 290 thereby saving fuel and money for the air carriers. RNAV would provide 
more direct routes reducing flight time, fuel burn, and save money for the users. 

• Uzaeronavigatsia should convert to the WGS-84 datum as soon as possible to meet 
an ICAO recommendation that all states convert to WGS-84 datum. 

• The ACCs should consider the use of radar handoffs between facilities wherever 
possible to expedite traffic and keep aircraft in radar contact when possible. 

As indicated in the recommendation summary, there is commonality across the region with 
respect to those equipment and systems that should be upgraded replaced or phased out. 

For instance, the need to upgrade the VHF and HF communications capabilities; the 
approval and implementation of GNSS procedures; and overall airspace redesign to take 
advantage of modern/ICAO endorsed concepts (RVSM, RNP, etc.) 

The following chart depicts an estimated per State CNS/ATM annual investment costs to 
modernize equipment and systems on both an individual State and regional basis. It must be 
noted that these figures were estimated based upon the data provided by the air navigation 
service provider (ANSP) organizations, information obtained during the actual site survey, 
and the subsequent recommendations as indicated previously. The cost figures indicated 
include both operational and maintenance for existing equipment and systems as well as 
those investments needed to replace and/or modernize aging equipment and systems. 

O&M and Capital Investment--Present Requirements (0-5 years) 
Note: these figures represent both O&M costs as well as replacement investments 

Total Cost 
Thousand 

State Communications Navigation Surveillance ATM USD 

Thousand Thousand Thousand Thousand 
Thousand USD USD USD USD USD 

Kazakhstan $2,550 $1,000 $2,200 $8,900 $14,650 

Kyrgyzstan $1,000 $600 $1,300 $1,900 $4,800 

Tajikistan $1,500 $800 $1,800 $1,800 $5,900 

Turkmenistan $1,650 $900 $1,700 $2,100 $6,350 

Uzbekistan $1,700 $800 $1,400 $2,100 $6,000 

Total $~O~ $4,100 __ $8,400 $16,800 $37,700 
---- - - - - --- - -
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Implementation Scenarios 

Regional Scenarios are focused on planned actions having regional applicability. In a 
sense, Regional Scenarios represent overlapping of National CNS/ATM Transition 
Plans. 

Moreover, considering interaction required during implementation of regional items, it 
is possible to pick out two categories of interaction: 

Cooperation assumes a coherent implementation of CNS/ATM systems or 
applications, which cannot be implemented by one side or one side 
implementation is not reasonable I beneficial. Cooperation assumes 
participation of at least two project stakeholders from different countries. 

Coordination means interest to implement CNS/ATM systems or applications, 
which could be implemented by one project stakeholder. Coordination is 
required to provide seamless environment for customers, however, participants 
may plan the implementation for different terms. Coordination is important to be 
sure partner's intensions are properly addressed. 

To build potential implementation scenarios it is critical to identify the needs of the airspace 
users and service providers with respect to the phases of flight. As mentioned previously, it 
is possible to implementation a system and/or service that will satisfy more than one 
operational requirements. The following charts depict the phases of flight and potential sets 
of equipment and systems that address the operational requirements for the Central Asia 
region. 

Operational and Future Equipment Requirements 
Phase of Flight Operational Requirement Equipment Solutions 

Airspace Flight Data Processing and Dissemination AFTN, ATN, FPDP, AMHS, VSATs, AIDO, 
and ATMSystem 
Flight Aeronautical Information Service, AFTN, ATN, AMHS, WAFS, Satellite 
Planning NOTAMs Imagery, VSATs, ATM System 

Repetitive Flight Plan (AGO Stored) FPDP, ATM System 

Meteorology AIS, ATh, WAFS, Satellite Imagery 

Flight plans are distributed to providers via the AFTN. The AFTN is being replaced by the AMHS which is 
ATN compliant. The AMHS software is available, but has been implemented in only a few states thus far. The 
United States has already begun the implementation of AMHS. SADO states should maintain the AFTN until it is 
replaced by AMHS. This is the initial component of the ATN. Flight plan processing can be completed manually, 
but automation has reduced this time consuming task. The FPDP will process flight plan information, record all 
overflight aircraft as they enter/exit the FIR, process flight times and aircraft type for over flight fee collections, 
provide strips for each control position, perform coordination functions, reduce the excessive coordination 
requirements at the busier facilities and will eliminate the manual processing and counting of strips and aircraft 
movements. An ATM system can do all the things an FPDP can do and more. The ATM is both an FPDP and 
an RDP. Both provide flight progress strips and forwards a strip to the tower for clearance delivery to the 
aircraft. IGAO has recommended the filing of flight plans be a coordinated effort between the provider and the 
user so that the flight profile accommodates the user's preferred trajectory with minimum ATM constraints. The 
FPDP nor the ATM system are IGAO requirements. Only the processing of flight data is an IGAO 
recommendation. When the ATM is interface with the ATN equipped with AIDO, it will provide an interchange of 
flight data between AGOs such as the passing of estimates. VSATs are recommended as the medium to 
enhance voice and data communications between users and providers. 
AIS/NOTAM..Aeronautical information must be processed and disseminated to the users. NOTAM information, 
along with meteorological and airspace information (special use airspace), must be processed and 
disseminated as well. The AFTN and/or AMHS is the medium used to disseminate this information. 
Use of Repetitive Flight Plans Another name for this is "stored flight plans". Aircraft operators that have 
aircraft departing from the same airport at the same time and going the same place each day via the same route 
should have a stored flight plan on file with the provider. This eliminates the need to file a flight plan every day. 
Both ICAO and Eurocontrol have recommended the use of center stored flight plans. Flight plans are stored via 
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a computer and processed approximately 2 hours prior to a scheduled departure. Repetitive flight plans can be 
stored via an FFDP or an ATM system. 
Meteorology. Meteorology and the passing of weather information is very important to Central Asia states. 
With the wide variety of climatic patterns, the weather changes constantly and aviators need to be aware of the 
ever changing African weather. Additionally, ICAO has recommended the extensive use of satellite imagery. 
Also, there is a need to obtain and disseminate automated global upper wins/temperature and SIGMETS 
Sianificant Weather) forecasts. 
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O,,-erational and Future ~qu~ment RElguirements 
Phase of Flight Operational Requirement Equipment Solutions 

i""" Airport Surface Airport Ground Surveillance VDL M4, Mode S1090ES, ASDE, ADS-B 
And Taxi 

Airport Management SMA, VDL M2, Mode S 1090ES, ADS-B 

Taxi - Tower Directed VHF voice, ADS-B, VDL M4, A-SMGCS 
Tower Displays, SMA, Mode S 1090ES 

Taxi - Pilot Directed Pilot Display, ADS-B, VDL M4, VHF Voice 
Mode S 1090ES 

ATC Clearances VHF Voice, PDC, ATIS, VDL M2 

Surface Management Advisor ASDE, ADS-B, SMA, VDL M4, Mode S ES 

Automatic Terminal Information Service VDL M2, ATIS (tape/digital) 

Airport Ground Surveillance. ICAO recommends the use of ground surveillance at major, high use, international 
airports. The present ground surveillance system is radar in the form of ASDE (Airport Surface Detection 
Equipment). However, the new technology is ADS-B. ADS-B has been tested and demonstrated, and SARPS 
have been developed. The problem at this point is what will be used as a unified data link. Mode S1090ES and 
VDL M4 are being used in demonstrations, but many aircraft have not yet been modified for the Mode S 112-bit 
address. VDL M4 is also a candidate for ADS-B and has recently been approved for public use. 
Airport Management. At large airports, aircraft and vehicular traffic has been an on-going safety problem for 
aircraft utilizing the airport. Vehicular traffic on the airport has surpassed the number of aircraft using the airport. 
Ground surveillance provides a high degree of safety at some airports, but has limitations. Another automation 
tool to assist in airport management is Surface Manager Advisor which increases awareness of traffic flow into the 
airport, giving ramp control operators and controllers precise touchdown times. Informed of aircraft identification 
and position in the terminal airspace, gate and ramp operators using SMA have enhanced ability to reduce taxi 
delays. ICAO recommends that States should provide separation between arrival, departing, and taxing aircraft in 
and around the airport using airport management tools where possible. 
Taxi Instructions - Tower Directed/Pilot Directed. The control of taxing aircraft on an airport surface is the 
responsibility of the ATC tower. At present controllers verbally transmit through VHF voice taxi instructions to 
aircraft ensuring their separation between other aircraft and structures. This is a time consuming operation at 
large airports. Surface surveillance through The use of ADS-B has the potential to relieve the controller's 
workload. With ADS-B, the pilot can see traffic from a CRT (cathode-ray tube )in the cockpit and provide his own 
separation as he taxis to the runway or to the gate. As previously mentioned, there are several data link 
candidates for ADS-B including Mode S 1090ES, and VDL M4. In the options we present, we will recommend a 
definitive link for ADS-B. Pilot directed taxi through ADS-B is an improvement over the present standard. Another 
tool is the A-SMGCS). A-SMGCS identifies each aircraft, and provides surveillance and monitors taxing traffic 
continuously; it determines automatically conflict-free taxiway routes and guides aircraft and vehicles reliably 
through the use of optical signals; and in case of deviations, it warns pilots or drivers immediately. As such, this 
control and monitoring functionality provides controllers with tools to enhance safety, efficiency, and availability at 
the airport in all visibility conditions. 
ATC Clearances. ATC departure clearances are a result of a flight plan request. At present, ATC clearances are 
delivered directly to the aircraft through VHF voice or by voice relay. The New technology to deliver an ATC 
clearance is via data link. An initial data link application is PDC. This technology is presently offered through 
ARINC or SITA via an ACARS link but is Being supplanted with VDL M2. PDC eliminates transposing errors and 
mis-read clearances. The use of PDC is quicker and relieves clearance delivery workload. In busy terminals, PDC 
would be a time-saving, man-power saving technology. PDC is not an ICAO or Central Asia requirement; only the 
issuing of an IMC clearance to international air carriers is an ICAO recommendation. 
Surface Management Advisor. SMA is one the tools of the family of Surface Management System tools. SMA 
increases awareness of traffic flow in/out and around the airport, giving tower and ramp control operators more 
accurate taxi and arrivaVdeparture times. This updated information helps airlines manage ground resources at 
the terminal more efficiently: gates, baggage handling, food services, refueling, and maintenance. SMA has 
enhanced the ability to reduce taxi delays and increase the flow of arrivals and departures. 
ATIS The use of ATIS is both an ICAO and Eurocontrol recommendation. Most airports have 
it, but it is a taped message and aircraft monitor a frequency to hear it. The new technology for ATIS is digitized 
data link known as D-ATIS. It is presently being used as an ACARS application but is being converted to VDL M2 
which is the preferred link. 

------ ---- - - - -

O,,-erational and Future ~ui2ment Re~uirements 
Phase of Flight Operational Requirement Equipment Solutions 

Departure and Standard Instrument Departures VHF Voice, GBAS, MSSR, ADS-B, Mode S 
Departure 1090 ES, VDL M4, RNP-1/2 Galileo when 
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Transition available 

Reduced ObstructionfTerrain Clearance VHF Voice, GNSS, ADS-B, Galileo when 

~~ available 
Transition Routes (Reduced Minima) VHF Voice, MSSR, ADS-B, VOL M4, Mode 

S 1090ES, RNP , Galileo when available 
Standard Instrument Departures. (SIDs) SIDs have the capability to increase capacity, reduce delays, and 
ease controller workload. Using augmented GNSS (GBAS) and Galileo when available, the route can now be 
developed to conform with traffic flow rather than position of ground-based aids. Procedures can be designed 
that permits SIDs to conform to noise abatement and traffic flow. Route widths can be reduced to make better 
use of airspace configurations and to expedite departures. 
Reduced ObstructionfTerrain Clearances. GBAS and/or Galileo can narrow the RNP value to reduce the 
distance aircraft must stay from obstructions and high terrain. In the past we have depended on radar to vector 
aircraft when they passed near obstructions. Now using RNP, we can develop routes that permit aircraft, under 
procedural control, to fly closer to obstructions than previously would not have been possible. This increases the 
capacity and reduced delays. ADS, which can be made available in non-radar areas, can provide a surveillance 
monitor if required. The reduction of obstruction and terrain clearance limits is a high priority in I CAD , but the 
manner in which it is accomplished is a States decision. 
Reduced Departure and Arrival Minima. GNSS and/or Galileo, enhanced by ADS and RNP, can improve the 
transition routes for departures and arrival. These routes are not limited as they are with ground-based facilities. 
Departure transitional routes can be reduced in width and be designed for any type of airspace. Arrival transition 
routes from the STAR to the initial approach fix and even to the immediate approach fix can be reduced and 
designed to fit the traffic flow rather than the location of ground-based aids. These routes can also eliminate 
rever§e c()urs~s for nOll pr~cision al>propchEls. ~ect!(mic:...suf\l..eill~ce is rElguir.El.d f()! any' RNP b~ow RNP-4. 
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Phase of Flight 

En route 

Operational and Future EQuipment ReQuirements 
Operational Requirement I Equipment Solutions 

Navigation 

RVSM (aircraft certification) 

Separation Reductions 
-10 min/80 NM 

-20 NM (longitudinal) 
-10 NM (longitudinal) 

-5 NM/4NM (lateral) 

-2 NM (lateral) 

MEAlMRAlMOCA 

Surveillance 

RNAV, VORlDME,VHF, HF, & AMSS 
VOice/Data, GNSS, Galileo, RNP, CPDLC 
VHF/AMSS Voice/Data, CPDLC 

VHF/AMSS/HF Voice/Data, VSAT 

VHF/AMSS/HF Voice/Data, GNSS, MSSR 
VHF/AMSS Voice/Data, MSSR, ADS-C, 
VDL M2/4,Mode S ES, RNP 

VHF VOice/Data, ADS-C, RNP-5, MSSR, 
Mode S ES, VDL M2/4 
VHF Voice, MSSR, ADS-B,RNP-2, VDL 
M2/4 
GNSS/Galileo VHF Voice or Data, ADS
CMSSR,RNP 
MSSR, ADS-B, Mode S ES, VDL M2/4 

Oceanic I Navigation (RNAV) I GNSS, Galileo, ADS-C, VDL M2 or M4, HF 
voice/data, AMSS, CPDLC 

Point-to-point (RNAV). Point-to-point or direct navigation is supported through GNSS and in the future Galileo. 
GNSS will support RNP-4 or higher but an SBAS or Galileo is required for an RNP lower than RNP-4. GBAS is 
required for lower RNPs which are generally associated with approaches and departures. VHF/AMSS voice/data 
will satisfy communications requirements for RNP-4 and higher, but for RNPs lower than RNP-4, VHF voice is 
required due to the need for a quicker intervention capability. ICAO and Eurocontrol recommend VHF coverage 
for ATS purposes to permit effective direct pilot-controller communications. Radar or ADS is optional for RNP-4 
and hiaher, but is considered a reQuirement in areas of RNP-2 or lower. 
RVSM. RVSM has been recommended for use by both ICAO and Eurocontrol. Certification and monitoring of 
RVSM aircraft certified through GPS requires no ground based equipment. The use of RVSM using height 
monitors units requires ground based equipment for aircraft certification. Our recommendations will focus on the 
most cost productive method which appears to be GPS; however, RVSM is an aircraft certification and most 
aircraft certification can be provided by other states. It is not necessary that RADA states provide a certification 
program for aircraft to offer this benefit. 
Reduction of Separation Standards. In those areas where longitudinal separation of 20 minutes or 20NM 
(nautical miles) are used, the reduction to 10 NM or 80 NM would be considered a reduction in separation 
minima. ECAC and ICAO have recommend that each state Implement thIS standard as quickly as possible to be 
in line with other ECAC states that have already implemented it. With the advent of GNSS (SBAS/GBAS) and 
RNP, the potential for further separation reductions are high. What has normally been 10 or 20 minutes, or 20 
DME separation standards can now be drastically reduced. Galileo will provide the accuracy and integrity for 
lower separation standards. 

With RNP, lateral standards can be reduced to as low as 2 NM and possibly lower. Longitudinal standards can 
be reduced from 10 minutes to 10 NM. VHF/AMSS voice/data is required for separation of 10 NM or less. 
Electronic surveillance is optional with the exception of using 2 or 5 NM lateral separation. Other standards can 
be reduced such as longitudinal separation between departures, between crossing courses, and between 
climbing and descending aircraft. VSATS will be used to provide enhanced VHF and data communications 
between the users and providers. 
Reduction in MEAlMRAlMOCA. MEA, MRA, and MOCA are based on the reception range of ground based 
navigational aids. MRA determines the MEA since the MEA can not be lower than the reception altitude of the 
ground-based aid. MRAs are based on the reception range of the navigational aid, therefore they are higher in 
the mountainous and remote areas due to the height of mountains and the distance between aids. The MOCA is 
based on the MRA and MEA. With GNSS, reception of signals are worldwide which would allow the lowest MEA 
and MRA even when in mountainous ranges. This means aircraft could fly at lower altitudes and/or select better 
flight profiles. 

Surveillance. ICAO and Eurocontrol have recommended each state provide electronic surveillance (radar/ADS) 
where and when possible. The potential of CNS/ATM can not be fully realized without enhanced surveillance. 
New separation standards require electronic surveillance. Radar/ADS may be optional in most of these 
initiatives, but radar increases capacity and safety, while reducing delays. Both ICAO and lATA have put ADS-B 
on a high priority. lATA is looking for a common data link to reduce cockpit avionics. Both the US and 
Eurocontrol have opted for Mode s 1090Es as the ADS-B link while Russian states have adopted VDL M4. 
Central Asia needs to agree on a common data link for ADS-B. VDL M2 seems the definitive choice for ADS-C. 
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Oceanic. Navigation in oceanic airspace will be RNAV supported by GNSS and Galileo. ADS-C should provide 
surveillance in the off-shore airspace and deeper ocean. Communications should be provided through HF voice 
/data, CPDLC, or AMSS. (Note: it is recognized that oceanic navigation is not a factor in Central Asia. 
Information is provided for completeness and in recoanition of airspace user capabilities. 
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Operational and Future Equipment Requirements 
Phase of Flight Operational Requirement Equipment Solutions 

Arrival Reduced Obstructionfferrain VHF Voice, GBAS, ADS-B, ADS, RNP, 
Transition And Multilateration (ML) 
Arrival Reduced Departure & Approach Minima VHF Voice/Data, GNSS/GBAS 

MSSR, ADS-B, Mode 1090ESS RNP, ML 
Standard Terminal Arrival Routes VHF Voice/Data, GBAS, MSSR, ADS-B, 

RNP, ML 
Metering and Sequencing Tools VHF Voice/Data, MSSR, ADS-B, CTAS, 

URET, P-fast 

Approach Aids ILS, GNSS, GBAS, ML 

Reduced Obstructionfferrain Clearances. GNSS, augmented by GBAS, and Galileo when available, can narrow 
the RNP value to reduce the distance aircraft must stay from obstructions and high terrain. This has been 
previously discussed in the departure and departure transition phase. The reduction of obstruction and terrain 
clearance limits is a high priority in ICAO, but the manner in which it is accomplished is a States decision. 
Reduced Departure and Arrival Minima. GNSS, or Galileo, when available, using ADS, RNP, and data link can 
reduce the minima required for arrival transition routes. This has been previously discussed in the departure and 
departure transition phase. 
Standard Terminal Arrival Routes. (STARs) . The development of STARs is an ICAO recommendation. GNSS 
with augmentation provides the RNP for this profile from the beginning of the STAR to the immediate approach 
fix. Radar/ADS provides the surveillance, but surveillance is not a requirement for this initiative. 
Metering and Spacing Tools. The use of metering and spacing tools is supported by ICAO in the ICAO. CTAS 
(Centerffracon Automation System) , URET (User Request Evaluation Tool), and P-fast are metering and 
aircraft spacing tools. URET automatically predicts and notifies controllers of conflicts between aircraft or special 
activity airspace. The system also allows controllers to quickly determine whether proposed flight path changes 
will conflict with en route traffic or airspace. Radar is required for these tools. 
Landing Aids. The use of landing aids is supported by both ICAO and Eurocontrol. Landing aids are not a 
product of CNS/ATM, but are necessary to increase capacity and eliminate any delay in the landing process. 
Precision Approach Path Indicator (PAPI), Visual Approach Slope Indicator (VASI), and Runway Approach 
Intensity Lighting System (RAIL) are the most appropriate landing aids. 
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In consideration of the above information/data, taking into account the airspace user and 
service provider capabilities (reference Tasks 3&6), the cost versus benefit considerations as 
described in Chapter 7 of this task and the respective recommendation summaries also 
included in Chapter 7 of this task, the OORS team evaluated the implementation scenario 
options. The common approach to implementing new equipment and systems is to 
determine what is needed (e.g. new VHF/HF radios, VORIOME) and develop a Gantt chart 
for purchase, implementation, operation, maintenance etc. Although this methodology is 
standard, it is not the 'best' approach for addressing CNS/ATM modernization on a regional 
basis. The basic reason is because in a regional approach, there is more than one 
State/sovereign territory and in particular, for Central Asia, it is most important to harmonize 
operations prior to buying equipment/systems. 

For this reason, the Central Asia implementation scenario must first address the airspace 
configuration and associated operations without reference to State boundaries. In effect, this 
first step is to develop, to the maximum extent possible, the ICAO vision of seamless 
airspace. 

The basic concept of seamless airspace can be summed up as airspace without borders and 
is achievable using satellite-based technologies. When the ICAO Chicago Convention was 
adopted in 1944, the founding members likely could not have envisaged today's global 
airspace demands and the capabilities of satellite technology. 

Traditional air law does not contain rules governing space operations, nor does it cover the 
use of the radio frequency system. Fortunately, space law and telecommunications law were 
developed to complement air law. New CNS/ATM systems, many of which rely on satellite 
technology, have confronted the Convention with a challenge that has far-reaching 
implications for the future. 

Implementation of the new CNS/ATM systems implies the introduction of a seamless 
airspace embracing the jurisdictional territory of a multiplicity of states, which by necessity 
requires a defined relationship among the affected states. As was originally envisaged, the 
Convention was intended to regulate the legal relationship between states in international 
civil aviation and it clearly recognizes the value and need for aeronautical "arrangements". 

As a result, the ICAO Council is charged with the responsibility of being the depository of all 
aeronautical arrangements and of making those arrangements public as soon as possible. 

Arrangements can address a number of subjects/issues and several options are available for 
their categorization. The most common arrangements are categorized and/or described as 
being: 

• Conventions/treaties 

• Protocols 

• Multi-lateral agreements 

• Bi-Iateral agreements 

• Memorandums of Agreement/Understanding 

• Letters of Agreement 

• Letters of Procedures. 
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It has been generally agreed that there is no legal obstacle to the implementation of next 
generation CNS/ATM systems and their acceptance and use remains consistent and in line 
with the Chicago Convention. 

With this understanding and recognizing the objective of seamless airspace, it is 
recommended that the first phase of the implementation scenario be structured to address 
the following tasks: 

A. The first task is to define the operation concept for the regional upper airspace. Once the 
operational concept for the regional upper airspace has been defined, a similar exercise 
needs to be executed for the lower airspace in each of the participating States. This is to 
ensure that the interface between operations in the common upper airspace and the lower 
airspace is harmonized. 

Three specific subtasks have been identified as follows, namely: 
• Airspace types and descriptions - Structuring of airspace 
• Operational concept for upper airspace 
• Operational concept for lower airspace and interface definition. 

B. The purpose of the task is to define the end state communication infrastructure 
requirements for the common upper airspace in accordance with the operational concept. It 
is assumed that all the required infrastructure will not be implemented at once, and it will 
therefore be necessary to develop a roll out plan for the communications infrastructure, 
together with cost estimates of capital investment, operational and maintenance costs, etc. 

A prerequisite for this planning is knowing the boundaries of the upper airspace to be 
supported. Hence, planning can only be done after there is an agreement between the 
States. 

Five subtasks have been identified, the first four of which are on the critical path. The 
subtasks are the following: 

• Define end state communications infrastructure 
• Develop communications infrastructure phase in plan 
• Cost estimate and investment/financing plan 
• Operational budget-repair, maintenance, etc. 
• Detailed equipment/system specification. 

C. The next step will be to define communications infrastructure requirements for the lower 
airspace. This subtask entails a gap analysis to determine additional requirements in 
connection with a communication infrastructure that is not covered by the communications 
plan for the upper airspace. 

Similarly, five subtasks have been defined, namely: 
• Define end state infrastructure requirements 
• Develop infrastructure phase in plan 
• Cost estimate and investment/financing plan 
• Operational budget-repair, maintenance, etc. 
• Detailed eqUipment/system specification. 
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D. Similar to the communications specification addressed above, the specification of an 
upper airspace navigation plan must be completed. 

The specific subtasks are as follows: 
• Define end state navigation infrastructure requirements 
• Develop navigation infrastructure phase in plan 
• Cost estimate and investment/financing plan 
• Operational budget-repair, maintenance, etc. 
• Detailed equipment/system specification. 

E. The specification of additional needs and requirements for lower airspace navigation will 
be done in a similar manner. 

The specific subtasks are as follows: 
• Define end state infrastructure requirements 
• Develop infrastructure phase in plan 
• Cost estimate and investment/financing plan 
• Operational budget-repair, maintenance, etc. 
• Detailed equipment/system specification 

F. Similar to the communications and navigation requirements, the specification of a 
surveillance plan will be required. 

The specific subtasks are as follows: 
• Define end state surveillance infrastructure requirements 
• Develop surveillance infrastructure phase in plan 
• Cost estimate and investment/financing plan 
• Operational budget-repair, maintenance, etc. 
• Detailed equipment/system specification. 

G. The specification of additional needs and requirements for lower airspace surveillance will 
be done in a similar manner as for the previous components. 

The specific subtasks are as follows: 
• Define end state surveillance infrastructure reqUirements 
• Develop surveillance infrastructure phase in plan 
• Cost estimate and investment/financing plan 
• Operational budget-repair, maintenance, etc. 
• Detailed equipment/system specification. 

H. Similar to the eNS specifications, an air traffic management (ATM) infrastructure is 
required. This infrastructure should be developed with from "Regional" perspective, that is, 
to maximize the implementation of similar equipment thereby reducing problems with 
operational compatibility, and providing the fiscal benefits of purchasing equipmenUsystems 
in volume. 

The specification of the ATM system is broken down into two components, namely: 
• The operational systems 
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• The training system(s) with simulators, and which could also serve as a backup 
system for operational purposes. Note: from a regional perspective the number 
of training systems could be reduced. 

The specific subtasks are as follows: 
• Define the end state A TM regional infrastructure requirements 
• Develop A TM infrastructure phase in plan 
• Cost estimate and investment/financing plan 
• Operational budget-repair, maintenance, etc. 
• Detailed equipment/system specification. 

I. The specification of additional needs and requirements for lower airspace air traffic 
management will be done in a similar manner as those for CNS. 

The specific subtasks are as follows: 
• Define end state A TM infrastructure requirements for each state 
• Develop A TM infrastructure phase in plan 
• Cost estimate and investment/financing plan 
• Operational budget-repair, maintenance, etc. 
• Detailed equipment/system specification. 

Specific Implementation Scenarios for CNS/ATM 

The following charts depict specific operational requirements as defined by ICAO; identifies 
the related issues, concerns, constraints, and provides a strategic resolution for 
implementing equipments, systems and services to resolve the problems-both on a regional 
and individual state basis. 
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Flight Planning Phase 

ICAO Recommendation Constraint, Concern, or Strategic Resolution of 
(Operational Requirement) Limitation Constraint 

Provide aircraft operators Flight Planning Integration of infonnation on 

with information that will Lack of automation, accuracy, capacity constraints at ACCs and 
enable them to plan flights timeliness. airports to provide optimum airport 

for optimum profile!route! scheduling infonnation 

trajectory and meet their Monitoring Perfonnance 
planned departure times. Lack of availability, integrity Integration of ATC and ATFM (Air 

This includes weather, AIS updates, accuracy Traffic Flow Management) infonnation 
(Aeronautical Infonnation together with decision-making tools to 

Service) NOTAMs, etc Nav!Guidance Perfonnance accommodate late flight plan changes 
Lack of accurate navigation 

Provide aeronautical system, availability of system, Provide user access to interactive, 

infonnation in a timely and RNP (Required Navigation integrated flight infonnation to 

accurate manner. Perfonnance) detenninations, include real time data in AIS, MET 
integrity and reliability of (Meteorology), ASM (Air Traffic System 

Provide flight plan navigation signals Management), and ATFM for flight plan 

infonnation to adjacent filing purposes 

control facilities Communications Perfonnance 
Lack of availability, integrity, Enhance FPDP (Flight Plan Data 

Enable aircraft operators and latency of communication ProceSSing) to access tactical ASM , 
to meet their planned times systems. Lack of a definitive ATC, ATN, and ATFM infonnation to 

of departure and arrival, and data link capability include the use of repetitive flight plans. 

adhere to their preferred Install AMHS. 

flight path with minimum Control Perfonnance 
constraints and without Lack of current procedures, Provide ground communications that 
compromiSing agreed levels control, and cockpit awareness. penn it the filing, proceSSing, and 

of safety. Lack of available flow control retention of flight plans 
capability. Use of redundant and 
excessive separation procedures. Provide automated co-ordination and 
Lack of seamless airspace decision-making tools to support 
configurations while control optimum profile planning 
perfonnance effects flight plan 
development, these sub-elements Provide HMI ( Human Machine 
are resolved in the en route Interface) to access the integrated 
environment) system. 

Table 1 - Flight Planning Phase 

Airport Surface Phase 

~, 
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ICAO Recommendation Constraint, Concern, or Strategic Resolution of 
-', 

i~ (Operational Requirement) Limitation Constraint 

Maximize runway and taxi- Taxiwall Configuration Optimize airport surveillance that 
way utilization to ensure Lack of adequate taxiways at improves pilot and controller 
minimum taxi time between some airports. awareness that includes ASDE 
departure gate and take-off Increased runway crossings (Airport Surface Detection Equipment), 
to meet planned departure Inadequate airport lighting ADS-B (Automatic Dependent 
times Movement area congestion Surveillance - Broadcast), or A-SMGCS 

(Advanced-SUrface Movement 
Maximize runway and taxi- Control Performance Guidance And Control System) where 
way utilization to ensure Lack of adequate tower needed 
minimum taxi time to enable visibility and controller 
operators to meet their awareness. Lack of adequate Optimize controller tools for airport 
planned arrival time cockpit visibility and pilot management 

awareness. Inadequate 
Provide a safe and orderly decision making tools. Improved airport management that 
flow around the airport Control integrity includes most direct route between 
from gate to runway and runway and gates; utilization of SMA 
visa versa Communication Performance (Surface Management Advisor) 

Frequency congestion 
Enable aircraft operators Availability Improve airport lightning A-SMGCS 
to meet their planned times Integrity 
of departure and arrival, and Intervention Integration of arrival, apron, and 
adhere to their preferred departure managers 
flight path with minimum Aircraft Performance 
constraints and without Speed Integration of ATC, ATFM, airports, 
compromising agreed levels Maneuverability and AOC (Airline Operational Control) 
of safety. Equipage information 

Airport Visibilitv Implementation of ATIS and PDC 
Cockpit visibility 
Weather 

Flow Control 
Congestion 

Monitoring Performance 
Inadequate airport surveillance 

Airport Information 
Lack of D-ATIS (Digital-
Automated-Terminal Information 
Service) and PDC (Pre-Departure 
Clearance) 

-

Table 2 - Airport Surface Phase 

Initial Departure and Final Approach Phase 
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ICAO Recommendation Constraint, Concern, or StrategiC Resolution of 
i~ (Operational Requirement) Limitation Constraint 

To accommodate different Runway Occu!)ancy Concerns Optimize arrival and departure 

landing priorities for a Length, high speed turnoffs, routes (SIDs - STARs) within an agree( 

given operator to optimize exits; runway surface conditions; environmental policy 

in and out operations. braking actions; RW (Runway 
Visibility Value) RVR (Runway Integrate arrival/departure managers 

To maximize runway Visual Range) at adjacent/close airports 

utilization and provide a 
smooth and seamless Runway O!)erations Provide flight profile prediction 

transition to the final Missed approaches and optimization tools 

approach course. CroSSing/intersecting runways 
Parallel/converging flight paths Optimize airport instrumentation 

To provide adequate Departures/arrivals same runway for local weather measurement 

instrument approach aids Acceptance rate/wake turbulence 

and procedures. 
Provide adequate surveillance 

Control Performance that will expedite arrivals and 

To provide for a smooth Separation/metering departures in a safe and orderly 

transition from the runway Go-around decisions manner. 

to the departure phase Runway incursion/detection 

and from the arrival phase blunders. Lack of CTAS (Center/ Provide the environmental and 

to the landing runway Terminal Automation System). runway configurations that expedite 
arriving and departing aircraft. 

Enable aircraft operators Aircraft Performance 

to meet their planned times Traffic mix Optimize controller tools such as 

of departure and arrival, and Approach speeds CTAS; P-FAST (Passive Final 

adhere to their preferred Braking actions Approach Sequencing Tool), URET 

flight path with minimum 
(User Request Evaluation Tool), and 

constraints and without MonitQring Performance SMA to improve controller performance 

compromising agreed levels Lack of adequate surveillance in and decision making. 

of safety. the immediate approach area. 
Lack of radar for vectoring to Provide more accurate navigation 

final at some airports. capability that minimizes missed 
approaches, reduces terrain and 

Communications Performance obstruction minima, and provides 

Lack of immediate intervention more cockpit awareness. 

A!)!)roach Procedures 
Lack of accurate and reliable 
instrument approach procedures 

Navigation Performance 
Lack of accurate, reliable 
navigational equipment and 
signals (satellite navigation) 

-~ 

Table 3 - Initial Departure and Final Approach Phase 

Approach and Departure Transition Phase 
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ICAO Recommendation Constraint, Concern, or Strategic Resolution of 
j0 (Operational Requirement) Limitation Constraint 

To provide for a smooth Aircraft Performance Optimize arrival and departure 
transition from departure Speed routes utilizing SIDs and STARs 
phase to the en route phase Maneuverability 
so aircraft can adhere to Equipage Improve the overall efficiency of 
their planned flight profiles Climb capability airport operations and runway 

Traffic mix 
To provide for a smooth Optimize airport instrumentation 
and seamless transition from Control Performance for local weather measurement. 
the en route phase to the Lack of standardized arrival 
arrival phase so aircraft can and departure procedures. Provide metering and sequencing 
meet their planned times Lack of ground automation. tools ( CTAS; P-FAST, URET) 
of arrival Obstacle and terrain clearance 

concerns Provide equipment and procedures 
To enable aircraft operators for departure and arrival navigation 
to meet their planned times Airport Flow 
of departure and arrival, and Runway configurations Improve rnethods of determining 
adhere to their preferred NOTAMs obstruction and terrain clearances. 
flight path with minimum Flow control 
constraints and without Optimize navigation capabilities and 
compromising agreed levels Navigation Performance procedures in terminal areas 
of safety. Galileo 

GBAS (Ground-base Optimize surveillance capabilities 
Augmentation System) Within terminal airspace 
availability 
Signal reliability 
RNP values 
Integrity/accuracy 

Monitoring Performance 
Lack of adequate surveillance. 

Communications Performance 
Lack of adequate two-way 
communications within 30 miles 
of the airport. Lack of adequate 
intervention capability 

Table 4 - Approach and Departure Transition Phase 

En Route Phase 
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i~ 
ICAO Recommendation Constraint, Concern, or Strategic Resolution of 
(Operational Requirement) Limitation Constraint 

To make the en route phase NavigatiQn P!;ldQrmanQ;l Revise institutional polices to 
of flight a seamless phase Lack of an acrurate and available facilitate gate-to-gate operations 
of flight and to provide an navigational system that has 
overall gate-to-gate integrity and is not limited to line- Inter-relate ASM, ATS, and ATFM 
approach of-sight reception. polices and integrated information 

systems 
To expedite aircraft between 8il]ig<lQ;l CoofiguratiQO 
two points with minimum Inadequate airspace configuration Use of compatible air and ground 
delay Vvtlile maintaining an Inadequate use of airspace systems 
acceptable level of safety Airspace too complex and dense 

for optimum use. Lack of Develop and utilize procedures based 
To enable aircraft operators seamless airspace on dynamic and real time air traffic 
to meet their planned times 
of departure and arrival, and .8ircrafi EerfQ[maoQll Provide and utilize trajectory monitoring 
adhere to their preferred Equipage tools 
flight path with minimum Traffic mix 
constraints and without Climb and descent characteristics Develop and implement autonomous 
compromising agreed levels Altitude performance separation activities in specified areas 
of safety. 

CQmmuoir;:atiQO E!:lUQ[m<lOQ;l Provide viable two-way communications 

Lack of complete two-way in all areas of responsibility 

communications in operational 
Develop procedures based on modern airspace; saturation of 

communications environment or equipment and techniques that make 

spectrum use of aircraft avionics' capabilities. 

MQoi1Q[iog E!;ldQ[m<loQ;l Develop pint-use military airspace 

Lack of surveillance in romplex for seamless phases of flight and for 

and high density airspace; lack of optimum use of airspace 

adequate surveillance updatesl 
blind spots Implement navigation capability 

using satellite navigation to provide 

Control P!;ldQrmance direct routes on a world wide basis 

Excessive separation standards that minimize flight time. 

Lack of optimum procedures 
Excessive coordination required 

-

Table 5 - En Route Phase 
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I ntrod uction 

As the aviation industry grows more and more rapidly, the impact of air traffic operations on 
the global atmosphere becomes increasingly important in addition to the local effects of noise 
and air quality. Efforts to control or reduce the environmental impact of air traffic have 
identified a range of options that might reduce the impact of aircraft engine emissions. 

In particular, it is expected that improvements in ATM could help reduce aviation fuel burn, 
and thereby reduce the levels of aircraft engine emissions. The object of this task is to 
address the environmental impact on the implementation of next generation equipment and 
systems in Central Asia. Accordingly, we have reviewed the environmental issues that 
CNS/ATM may have on airspace operations as well as the environmental requirements of 
the World Bank and ICAO, and offer the following assessment. 

Environmental Problems Associated With Civil Aviation 

Air transport brings substantial social and economic benefits and underpins the global 
economy, but it also has a local and global impact on the environment. Demand for air travel 
is rising, and airlines are responding to this growth by bringing more capacity on line. This is 
the natural role of airlines in an increasingly deregulated and open market, boosted by global 
competition. Moreover, airlines are expected to offer ever-lower prices and a higher quality of 
service, with a widening choice of destinations and frequencies. 

The importance of noise and other environmental issues for the aviation industry has grown 
considerably since the late 1960s, when ICAO first got involved in environmental matters. 
The organization's current environmental activities are largely undertaken through its 
Committee on Aviation Environmental Protection (CAEP), which is composed of experts from 
States, major sectors of the aviation industry, and an environmental umbrella group. The 
Committee deals of course with the main environmental problems associated with civil 
aviation, namely aircraft noise and the impact of aircraft engine emissions. The guiding 
principles underlying its work are technical feasibility, economic reasonableness and 
environmental benefit. ICAO SARPs relating to environmental protection are contained in 
Annex 16 to the Convention on International Civil Aviation (1944), while ICAO policies in this 
area are contained in a resolution which was adopted by the 32nd ICAO Assembly in autumn 
1991. 

An inventory of environmental problems associated with civil aviation was recently compiled 
by a multidisciplinary group in the ICAO Secretariat. In compiling this inventory, it was 
assumed that "the environment" means all those natural and man-made surroundings which 
may be adversely affected by the presence of civil aviation, but which are not directly 
involved in aviation itself. The inventory therefore excludes problems concerning the 
conditions for passengers and crew, such as the effects of smoking, ozone, high altitude 
radiation or noise and vibration within the cabin, or problems concerning the working 
conditions of airline or airport employees. Aircraft manufacturing processes were also 
excluded. 

In Table 1, the inventory of environmental problems is grouped into seven categories. For 
many years, aircraft noise was considered to be the most important environmental problem 
associated with civil aviation, particularly the noise levels in the vicinity of airports. These are 
subject to two opposing trends: the replacement of noisy aircraft by quieter ones, and the 
increasing number of aircraft movements. As a result, the problem of noise at airports is 
likely to decline in general terms in the next decade, but may eventually increase again. 
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Air pollution is a major environmental problem in many countries, especially in urban areas. 
The main pollutants of concern are sulphur dioxide (S02), nitrogen oxides (NOx), carbon 
monoxide (CO), volatile organic compounds (such as unburned hydrocarbons) and 
suspended particulate matter (such as smoke), which are mainly produced by power 
stations, manufacturing industries, ground transportation and heating systems. Although the 
air quality in the vicinity of airports is no worse and often better than that found in urban 
areas, it is nevertheless a cause of concern in some cases. 

Long-range air pollution refers to the adverse effects which air pollution can create at 
considerable distance from the source. One such adverse effect is acid rain, caused by 
pollutants such as NOx being "washed out" of the atmosphere. Aircraft engine emissions en 
route make a small contribution to long-range air pollution, although action aimed at resolving 
local air quality problems near airports has helped to reduce civil aviation's role. It is now 
generally accepted that the accumulation in the atmosphere of certain gases resulting from 
human activities is contributing to the "greenhouse" effect. Since "greenhouse" gases remain 
in the atmosphere for many years, the planet would continue to warm and our climate to 
change even if all emissions of greenhouse gases were stopped immediately. Carbon 
dioxide (C02) is the major greenhouse gas. Most CO2 originates from the burning of fossil 
fuels (coal, oil and gas). The CO2 produced when aircraft burn fuel contributes to this 
problem, although this contribution is considerably less than that of many other sources, 
such as energy production, manufacturing industries and road transport. However, the 
possible contribution to global warming of aircraft engine NOx emissions in the troposphere is 
now also being studied. 

Table 1 -Inventory of Environmental Problems Associated With Civil Aviation 

AIRCRAFT NOISE 
Noise in the vicinity of airports caused by aircraft operations. 
Engine testing and other noise sources at airports. 
Sonic boom caused by supersonic aircraft. 
Noise caused by aircraft en route (other than sonic boom). 

AIR POLLUTION NEAR AIRPORTS 
Aircraft engine emissions. 
Emissions from airport motor vehicles. 
Emissions from access traffic. 
Emissions from other airport sources. 

GLOBAL PHENOMENA 
Long-range air pollution (e.g. acid rain). 
The "greenhouse" effect. 
Depletion of the ozone layer. 

AIRPORT/INFRASTRUCTURE CONSTRUCTION 
Loss of land. 
Soil erosion. 
Impact on water tables, river courses and field drainage. 
Impact on flora and fauna. 

WATER/SOIL POLLUTION NEAR AIRPORTS 
Water pollution caused by inadequate treatment of contaminants in airport waste water. 
Water and soil pollution caused by leakage from storage tanks. 

AIRPORT WASTE MANAGEMENT 
Disposal of environmentally harmful materials used in aircraft servicing and maintenance. 
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Disposal of waste from the airport and incoming aircraft. 

AIRCRAFT ACCIDENTS/INCIDENTS 
Accidents or incidents involving dangerous goods carried as cargo. 
Other environmental problems that might arise from aircraft accidents. 
Emergency procedures involving fuel dumping. 

In recent years, increasing attention has been focused on global environmental problems, 
such as "long range" air pollution, global warming (the "greenhouse" effect) and depletion of 
the ozone layer. It is generally recognized that these matters are of a very serious nature and 
could be life-threatening in the long term. Some of the causes have been identified, but 
others are not fully understood. An important but still unanswered question for civil aviation is 
the extent to which aircraft engine emissions or other aviation sources may be contributing to 
these problems. 

In recent years, evidence has emerged that the ozone layer around the earth, which protects 
it from harmful ultraviolet radiation, is being depleted as a result of complex chemical 
reactions involving man-made gases. The principal cause of this problem is considered to be 
chloro-fluorocarbons (CFCs), which are primarily employed as aerosol propellants or as 
refrigerants. However, another possible contributor to ozone depletion is NOx emitted by 
those aircraft that fly in the stratosphere. 

The construction of a new airport and its associated infrastructure can give rise to 
environmental problems. As with any other large construction site, there is the inevitable loss 
of land and the possibility of soil erosion and adverse impact on water tables, river courses 
and field drainage, and on flora and fauna. The nature of the problems varies from one 
airport to another. While relatively few new airports are being developed, these problems 
may also arise when existing airport facilities are expanded. Among the facilities the Digital
Airport Surveillance Radar (DASR) is the most important for air traffic control purposes. 

DASR consists of two electronic subsystems: primary surveillance radar and secondary 
surveillance radar, sometimes called the beacon. The primary surveillance radar uses a 
continually rotating antenna mounted on a tower to transmit electromagnetic waves that 
reflect or backscatter from the surface of aircraft up to 60 miles from the radar. The radar 
system measures the time required for a radar echo to return and the direction of the signal. 
From this data the system can then measure the distance of the aircraft from the radar 
antenna and the azimuth or direction of the aircraft from the antenna. The secondary radar 
uses a second radar antenna (Mode C or Mode S) attached to the top of the primary radar 
antenna to transmit and receive area aircraft data for barometric altitude, identification code, 
and emergency conditions. The primary radar of the ASR-11 (new digital technology radar) 
operates in the range of 2700 to 2900 MHz. The transmitter generates a peak effective 
power of 25 kW and an average power of 2.1 kW. The secondary radar operates in the 
range of 1030 to 1090 MHz. Transmitting power ranges from 160 to 1500 watts. Average 
power density signal decreases with distance from the antenna. At distances of more than 
13.12 m (43 feet) from the antenna, the power density of the ASR-11 signal will fall below the 
maximum permissible exposure levels established by the WHO (World Health Organization). 
This could be the reason that electromagnetic factors are usually excluded from the list of 
obligatory environmental factors analysis for airport development planning (design and 
reconstruction). 

Various chemicals are used by airport operators and by aircraft operators. Through the 
action of rainwater, these chemicals may cause water pollution. This pollution is created if 
the chemicals find their way to local watercourses or become part of airport waste water and 
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are not adequately treated. Examples include the chemicals used in aircraft de-icing and 
runway ice prevention or removal. In addition, water and soil pollution may be caused by 
leakage from storage tanks (for example, oil-saturated soils at fuel farms). 

In aircraft servicing and maintenance, environmentally harmful materials are used (oils, 
cleaning fluids, paints). Once used, they need to be disposed of in a satisfactory manner 
such as recycling. Airports and incoming aircraft also generate large quantities of waste 
material which is capable of causing environmental damage if not disposed of properly. In 
this respect, however, airports and aircraft do not significantly differ from similar 
establishments such as large hotels. 

Environmental problems that might arise from aircraft accidents and incidents involving 
dangerous goods carried as cargo are likely to occur only under exceptional circumstances. 
Action taken to improve aviation safety helps to reduce the likelihood of these problems 
arising. The quantities of dangerous goods carried on aircraft are such that they do not pose 
environmental hazards. In the event of accidents, fuel spills could be of environmental 
concern, but fire is a much greater risk. 

Another problem in this category is fuel dumping during emergency procedures. Many 
aircraft are not structurally capable of withstanding a landing in the high-mass conditions of 
take-off. In the event of an emergency requiring an early landing it is sometimes necessary to 
dump fuel into the atmosphere, although this is a rare occurrence. 

Globally, air transport's perceived role in climate change is driving the need for continued 
improvements in fuel consumption and emissions per passenger kilometer. This is likely to 
be achieved through improved air traffic management, adoption of new operating practices 
and the introduction of new, more sustainable technologies. CNS/ATM has the potential to 
achieve favorable environmental results. Airlines are taking all reasonable action to reduce 
their environmental impacts, consistent with meeting market requirements and avoiding 
unnecessary costs. 

There is a direct link between improved environmental performance and sustainable growth. 
The continuity of air transport is at risk unless airlines continue to minimize and possibly 
reduce the environmental impacts of their operations. In the last quarter century, the 
environmental performance of air transport has continually improved, productivity (as 
measured in thousands of available ton-kilometers) has increased steadily over the years. 
Efficiency is an essential first step on the road to sustainability, and for most airlines it is the 
key to minimizing their environmental impact. Airlines have been consistent investors in 
clean technology, buying newer aircraft that produce less noise, use less fuel and emit fewer 
engine exhaust emissions. 

Modern aircraft make up over 80 percent of the lATA commercial jet fleet. The average age 
of the fleet has been held constant at around 11 years even though the size of the lATA 
commercial jet fleet has tripled since 1975 (from 3,342 to 9,485), and aircraft in-service life 
has increased. Put another way, only 16.5 percent of the lATA commercial jet fleet is over 20 
years old, and this proportion decreases as the noisier "Chapter 2" aircraft are phased out. 

Airline Environmental Management 

A survey of lATA members showed that 42 airlines around the world had some form of 
environmental management. Initially, this responded to the need for operational compliance 
with environmental rules and regulations (partly to limit exposure to litigation, penalties, and 
fines), although some major carriers had set out basic policies and medium term targets 
reflecting different concepts of "sustainability". Since then, regulatory pressure, competition 
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and "good neighbor" policies have encouraged more lATA member airlines to address the 
environmental aspects of their flight, cabin and ground operations. 

This is shown by the adoption of comprehensive environmental policies, airline 
environmental audits, more extensive environmental reporting, and changes in company 
culture. The leaders in the field track their environmental impacts through the measurement 
and reporting of consumption of natural resources, and by setting targets and benchmarking 
indicators (which are reported publicly). One major airline alliance has recently delivered a 
joint environmental agreement in which all alliance partners have committed to a common 
environmental policy. In line with other industries, accreditation under one or other 
environmental management systems for specific ground-based activities, such as 
engineering and maintenance and in-flight catering, is also becoming more common. The 
trend is to make environmental management a natural extension of an airline's primary task 
- caring for passengers and cargo. 

In-flight and Ground Operations 

An airline's basic environmental goals are to continuously decrease consumption of natural 
resources, reduce waste and use energy more effiCiently. Viewed in the aggregate, aircraft 
noise and aircraft engine emissions from flying are considerably greater than the 
environmental impacts from ground operations. The focus here is therefore on airline flight 
operations. 

The Intergovernmental Panel on Climate Change (lPCC) special report, Aviation and the 
Global Atmosphere, has brought flight operations into focus. As can be seen from the report, 
air transport makes a relatively small but increasing contribution to climate change and the 
traditional industry responses do not and will not address this issue satisfactorily. 

Essentially, there are three main ways of controlling the environmental impact of flight 
operations, whether aircraft noise or aircraft engine emissions. They are as follows: limit 
market growth (e.g. by reducing demand through taxes or charges or by reviewing business 
basics); improve system efficiency (e.g. by improving ATC systems and airport 
infrastructure); and improve aircraft efficiency (e.g. by reducing noise and emissions at 
source, and by increasing aircraft productivity). 

Demand for air travel will continue to grow, reflecting economic trends (historical trends, 
however, show that the growth rate for aircraft emissions has lagged behind that of traffic). 
The use of air travel among the world's population, especially in the developing world, is still 
relatively low. Air transport is the core of travel and tourism on which many of the countries in 
the developing world depend and, for the most part, international air transport has no 
substitute. On short-haul routes the potential for replacing air transport with other modes 
seems unlikely to exceed 10 percent, although there is considerable scope for optimizing the 
special strengths of each transport mode at key connecting points. 

The CAEP's work focused on two initiatives of operational practices to reduce emissions. 
The first is the development and dissemination of information on opportunities to reduce 
emissions through specific operational. The other focus of work on operational measures that 
reduce emissions was the potential offered by the early implementation of advanced 
CNS/ATM systems, which lead to more direct routings, hence lower fuel burn and fewer 
emissions. The results of a preliminary study of the environmental benefits associated with 
the CNS/ATM systems, as well as the methodology for calculating these benefits, were 
presented at the January meeting of CAEP, which recommended that the methodology be 
expanded upon. A summary of the methodology and its main results are included in ICAO's 
Global Air Navigation Plan for CNS/ATM Systems (Doc.9750). 
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Trends in Fuel Consumption 

Increasing public concern over global warming (greenhouse effect) raises questions about 
the possible contribution of aircraft engine emissions to this problem. Since the most 
important greenhouse gas is carbon dioxide, an unavoidable by-product of the combustion of 
conventional fossil fuel, one of the key parameters in the assessment of civil aviation's 
contribution to this phenomenon is the quantity of fuel consumed by aircraft and the expected 
future growth in this consumption. 

The world's civil aviation industry as a whole is estimated to have consumed 138 million tons 
of aviation fuel in 1990; of this total, nearly 99 percent was jet fuel. It is expected that annual 
consumption of jet fuel by the air carriers will increase by 65 percent from 133 million tons to 
220 million tons by the year 2010 (in reality 243 million tons were consumed by civil aviation 
in 2000). 

The forecast of fuel consumption reflects expected changes in the aircraft fleet, operational 
conditions and aircraft load factors. Of particular note is the effect of the replacement of 
ageing aircraft over the next 10 years. This is expected to contribute nearly 2 percentage 
points to the annual rate of improvement in fuel productivity, which compares with a 
contribution of about 1 percent per annum from this source in the past. 

Although international services provided about 55 percent of total airline capacity, they 
account for only 47 percent of airline fuel consumption. The variations in fuel consumption 
per unit of capacity, as illustrated in Table 2, result from differences in route structures, 
aircraft types and operational procedures. The quantity of fuel per TKP (Ton-kilometer 
Performed) relates fuel consumption to the final output of the industry, i.e. traffic flow. The 
difference between fuels per ATK (Average Ton-Kilometer) and fuel per TKP is the load 
factor, which depends on the number of unfilled seats and quantity of unused cargo capacity 
on airline services. Commercial air carriers had an average weight load factor of 60 percent 
in 1990. On this basis, fuel productivity amounted to 510 grams per TKP for the global airline 
industry. 

The reliability of the preceding estimates of fuel consumption has been evaluated by 
comparisons with estimates from other sources. For example, an alternative estimate of total 
jet fuel consumption by scheduled carriers was derived from information on the total aviation 
fuel bill and the average price per ton. All of ICAO's estimates of fuel consumption are 
derived from airlines and other civil aircraft operators. 

New generations of aircraft engines are expected to bring opportunities for further fuel 
savings in the longer term. For example, there is the possibility of the eventual introduction of 
propjet aircraft with greatly improved fuel efficiency characteristics. However, following the 
large aircraft replacement program of the 1990s (which assumes that the current recession is 
a cyclical phenomenon), a younger fleet is likely to be in place by the year 2000, and the 
replacement rate in the first decade of the next century should be lower with a smaller impact 
on fuel efficiency. The rate of reduction in fuel consumed per ATK as a result of fleet 
development could be about 1 percent per annum between 2000 and 2010. 

T - -- - -_. ---- --"--"_:..r::...---_ .. ---- --- ----.-. - ---- I - ---

Total fuel consumption (million 
tons) 

International services 
Scheduled 53 
Non-scheduled 10 
Domestic services 
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United States 38 
Russian Federation 15 
Other States 17 
World 133 

Turning to the impact of operational factors, there are limits on the benefits from changes in 
procedures under the existing air navigation and ATC systems. Furthermore, airport and 
airspace congestion in some regions could have a cost in terms of fuel consumption. In the 
longer term, the implementation of the future CNS/ATM concept adopted by ICAO in 1991, 
could lead to renewed scope for fuel savings. These considerations, plus improvements to 
particular aircraft, suggest that fuel consumed per ATK could be reduced by 0.5 percent per 
annum over the 1990s and 1 percent per annum in the 2000 to 2010 period, Figure 1. 

Figure 1 - Current/projected trends in overall fuel efficiency (Source: lATA) 
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Bringing together all the factors affecting the future trend in fuel consumption per ATK gives 
a rate of improvement of about 2.5 percent per annum in the 1990s and 2 percent per annum 
in the following decade. Some improvements in load factors are expected as marketing 
initiatives and yield management programs become more sophisticated. While the industry is 
gradually approaching upper limits for average load factors, there is probably more scope for 
improvement in weight load factors, which are lower than passenger load factors. With this 
additional source of productivity, the overall decline in fuel consumed per TKP is forecast at 
about 3 percent per annum in the 1990s and 2.5 percent per annum between 2000 and 
2010. 

The anticipated average rate of improvement in fuel productivity in the 1990s is similar to the 
estimated rate of improvement since 1976. However, the analysis of the impact of the 
evolving fleet mix suggests that the contribution to productivity improvement from this source 
will be significantly greater in the coming decade, as illustrated in Fig. 2. 
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Figure 2. Improvement in airline fuel productivity (average annual rate of improvement) 
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The growth in the total quantity of fuel consumed by the world civil air carrier industry is 
determined by the growth in traffic volumes offset by gains in fuel productivity. ICAO's latest 
forecasts of world scheduled passenger and freight traffic imply an average growth rate in 
TKP of 5.5 percent per annum during the 1990s. In line with the gradual decline in growth 
over the long term, a rate of 5 percent per annum is plausible for the period between 2000 
and 2010. Taking into account the scenario outlined above for the reduction in fuel per TKP 
total aviation jet fuel consumption is therefore forecast to grow at an average annual rate of 
about 2.5 percent over the 20-year period between 1990 and 2010 (Table 3). 

The lATA survey points out that environmental issues associated with direct impacts (e.g. 
aircraft noise control, emissions from aircraft, water and waste management), as well as the 
optimization of measures to minimize fuel use and improve energy efficiency, appear to be of 
the greatest importance to member air carriers. There are a number of different approaches 
being taken by airlines to minimize fuel consumption and associated emissions. 

In much the same way as for noise reduction, the main policy and management approaches 
to minimizing fuel use and emissions are inextricably bound up with the development of 
aircraft and engine technology. Technology has enabled aviation to make impressive 
reductions in its emissions in the last 20 years. Today's world fleet is about 65 percent more 
efficient per passenger-kilometer than in 1970, and in the last decade fuel efficiency has 
improved by 17 percent owing to the continuing incorporation of the best available 
technologies in the global fleet. 
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Table 3 Contributions to growth in jet fuel consumption, 1990 to 2010 (Average percentage) 

1990 to 2000 2000 to 2010 
1. Fleet mix -1.9 -1.0 
2. Operational changes (*) -0.5 -1.0 
3. Load factor -0.7 -0.5 
4. FuellTKP (= 1 +2+3) -.1 -2.5 
5 Traffic 5.5 5.0 
6. Fuel consumption (= 4+5) 2.4 

- --
2.0 

The widespread adoption of accelerated fleet renewal policies will continue to playa major 
role in minimizing fuel use and emissions. However, the pace of this process has slowed 
because of the long product development cycles for new aircraft and engine technology. 
Typically, it takes 15 to 20 years from the time of development before new technologies 
translate into system-wide efficiency gains. 

Although, there is confidence that the introduction of new, sustainable technologies will, in 
time, help to cut fuel consumption, this is unlikely to happen for some time. Within the last 
five years, it has become clear that emissions from aviation could be reduced significantly by 
using existing aircraft and infrastructure more efficiently. 

An ICAO circular on operational opportunities for minimizing fuel consumption and reducing 
emissions provides important guidance to air carriers and airport operators. Working through 
ICAO's Committee on Aviation Environmental Protection, lATA coordinated - in consultation 
with States, airlines, airports and experts - the development of the circular and its guidance 
material for airport and airline best operational practices to reduce fuel burn. Essentially, the 
circular documents industry experience and the environmental benefits arising from the 
optimal use of aircraft and infrastructure. It evaluates each phase of flight (taxiing, take-off, 
climb, cruise, approach, landing and taxiing) and, where possible, quantifies the likely fuel 
savings. 

Significantly, the ICAO circular underlines that an apparently small reduction in fuel use is 
worthwhile considering, particularly if applied on a global basis. Assuming total fuel use of 
243 million tons for civil aviation in 2000, a reduction of 1 percent in fuel use represents 2.4 
million tons which, if projected to the year 2015, equates to around 3.25 million tons of fuel. 

The circular also makes clear those improvements in CNS/ATM systems are likely to provide 
the most significant fuel savings over time. It highlights the results of the parametric model 
developed by CAEP to estimate the environmental benefits arising from implementation of 
advanced CNS/ATM systems. The initial results, which cover in greater detail implementation 
of CNS/ATM systems in the United States and Europe, indicate a reduction of 5 percent in 
global carbon dioxide (C02) emissions by 2015. An earlier report by the Intergovernmental 
Panel on Climate Change estimated a reduction of global CO2 in the order of 6 to 12 percent 
from CNS/ATM systems implementation. The IPCC report also estimated CO2 reduction in 
the order of 2 to 6 percent from various other possible operational measures and a total 
reduction, from all operational measures together, of 8 to 18 percent. 

A recent lATA study, Operational Measures to Improve Aircraft Fuel Efficiency and Reduce 
Emissions, which focuses on the possibilities of savings encountered in an accelerated 
implementation of the CNS/ATM systems, demonstrates that if implementation were 
achieved more quickly than planned, this could lead to a 9 percent improvement in system 
fuel efficiency worldwide by 2010. It could also reduce aircraft emissions of oxides of nitrogen 
by 8 percent and carbon monoxide and unburned hydrocarbons by 15 to 16 percent. Other 
operational measures could reduce NOx, CO and HC emissions by 5 percent (Table 4). 
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Table 4 Projected fuel efficiency improvement in 2010 from accelerated implementation of 
CNS/ATM systems and other operational measures % reduction) 
Measures Region Fuel NOx CO&HC 

CNS/ATM-related Africa 6 6 8-9 
Asia/Pacific 6 6 17 -19 
Europe 10 10 14 
Latin America/Caribbean 8 8 8 
Middle East 4 4 4-5 
North America 10 9 16 

Total CNS/ATM- Global 9 8 15 - 16 
related 
Other ~erational Global 5 5 5 
All operational Global 14 13 20 - 21 

For airport operations, the forthcoming ICAO circular identifies some 52 operational 
opportunities for minimizing fuel use and reducing emissions. These opportunities were 
identified by a comprehensive survey of airport air quality management techniques carried 
out by CAEP and published in May 2000. Some derive from changes to airport design and 
layout, others from the provision and operation of ground support equipment and 
transportation, while others derive from aircraft ground operations themselves. Ground 
transportation and ground support equipment generally contribute around 50 percent of the 
emissions produced at an airport, although this will vary from one airport to another. 

At many airports special operating procedures, techniques and aircraft routings are in use to 
reduce the noise heard on the ground. These include noise abatement departure and 
approach procedures. These procedures usually involve careful selection of wing flap and 
engine power settings, and may include management of ground tracks, in order to reduce the 
noise below or to the side of aircraft during take-off or landing. 

In parallel, airlines are increasing efforts to monitor their fuel use and improve fuel-monitoring 
and information systems so as to refine and build existing knowledge, thereby increasing the 
accuracy of airline fuel and emissions databases and improving management control. Some 
airlines have used such systems to improve the effectiveness of the aircraft loading process 
in optimizing fuel consumption or have introduced weight criteria into purchasing policies for 
in-flight products. Some airlines have introduced policies to minimize fuel tankering (the 
carrying of fuel for following or subsequent flights) in order to decrease aircraft weight and 
fuel consumption. More recently, a number of airlines have introduced policies encouraging 
the use of rail as a substitute for short-haul flights on certain sectors. 

The use of operational approaches to maximize fuel efficiency can provide potential short-to
medium term benefits and may also present fewer of the legal, economic and technical 
difficulties (e.g. engine design, replacement or modification) associated with other 
approaches. In practice, their implementation will depend on safety, legal, environmental and 
other tradeoffs, such as the need to reduce noise or to respond to weather conditions. 

On the ground, the use of low emissions and/or electrical ground support equipment is 
becoming more prevalent. A growing number of airlines have instituted measures to 
encourage the wider use of public transport, such as providing staff shuttle services, or 
interest - free loans for the purchase of public transport season tickets by airline staff. 
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As outlined above, the main fuel efficiency improvements in this category derive from fleet 
renewal and the general development and application of more accurate navigational 
technology. However, there have been many advances in avionics and flight deck 
automation design that are not yet fully utilized which could be used to improve the capacity 
and efficiency of the ATM system. This means that in practice the technical capabilities 
inherent in many aircraft may be under-utilized in some circumstances. 

In the last decade there has been a steady increase in airline involvement in research 
projects. Some current projects seek to examine aviation's atmospheric effects, overcome air 
traffic congestion problems, measure emissions from engine exhausts, or match certified 
engine emissions data gathered in ground trials with actual emissions produced at cruising 
altitudes. 

Additionally, research is ongoing into the effect of aircraft aging on fuel consumption and 
emissions, into the implications of differing levels of sulphur content in fuels, and on 
improving the monitoring accuracy of cruise performance. In 1998, the world's airlines carried 
over 1.4 billion passengers and more than 26 million tons of freight across the globe. By 
value, the airlines transported 40 percent of all manufactured exports. In carrying this traffic, 
the world's airlines consumed about 160 billion liters of fuel. This is equivalent to 4.8 liters for 
every passenger transported over a distance of 100 kilometers. 

Against this background, lATA member airlines plan to achieve an additional 10 percent fuel 
efficiency improvement in their total fleet over the next 10 years. This could reduce the total 
release of CO2 emissions into the atmosphere by almost 350 million tons for this period. 

However, the fuel efficiency of aircraft is influenced by many factors, not all of which are 
under the airlines' direct control. Some, such as engine technology, route structure, air traffic 
control and airport capacity, depend on the availability of technology and infrastructure 
capacity and affect the potential to realize actual fuel efficiency gains. Others are market
driven (e.g. competition and alliances, aircraft size and frequency) and affect the potential for 
load factor improvement. Thus, the level of benefits to be derived from the foregoing 
initiatives is influenced by the regulatory and policy making framework, operating conditions 
and trade-offs between environmental performance objectives and the reduction or 
containing of local and global environmental effects. Each of these has implications for airline 
fuel performance and efficiency. 

Environmental Benefits Associated with eNS/ATM Initiatives 

Against a background of increasing concern regarding the impact of aircraft engine 
emissions on the environment, ICAO has been considering what steps could be taken by the 
international aviation community to control emissions. Aircraft engines burn fuel, producing 
emissions that are similar to other emissions resulting from fossil fuel combustion. However, 
aircraft emissions are unusual in that to a significant degree they are emitted at altitude. 
These emissions give rise to important environmental concerns regarding their global impact 
and their effect on local air quality. 

At a global level, the principal concern is aviation's contribution to climate change. The Kyoto 
Protocol to the United Nations Framework Convention on Climate Change (UNFCCC) 
requires developed countries to reduce their collective emissions of greenhouse gases by 
approximately 5 percent by the period 2008-2012, compared to 1990. These targets do not 
apply to emissions from international aviation. Instead, Article 2, paragraph 2 of the Kyoto 
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Protocol states that the responsibility for limiting or reducing emissions from international 
aviation shall fall to the UNFCCC parties, working through ICAO. 

Future concerns about aviation's role in both climate change and local air quality are largely 
due to the projected continued growth in this sector. While past technological improvements 
have reduced the growth rate of emissions and this progress is expected to continue in the 
future, total emissions will nevertheless continue to increase. For example, the IPCC's report 
projects growth in the sector of 5 percent per year between 1990 and 2015 with C02 
emissions growing at 3 percent annually over the same period. 

Against this background, ICAO's Committee on Aviation Environmental Protection has been 
studying possible means to reduce aircraft engine emissions including the reduction at 
source, through operational measures or using market-based options. In addressing 
concerns associated with aircraft engine emissions, CAEP is guided by the following 
principles: 

a) Measures to address emissions should take into account environmental need, technical 
feasibility and economic reasonableness; 

b) Measures to address emissions should also take into account any potential implications 
for safety, which must not be compromised, and for aircraft noise. Measures aimed at one 
type of emission (for example, CO2) or one emission-related problem (for example, climate 
change) should take into account any potential implications for other types of emissions or 
for other emission-related problems; 

c) Measures to address emissions should be developed on a harmonized worldwide basis, 
wherever possible. 

Environmental Summary 

Within the time frame under consideration (2005-2015), global air traffic is expected to 
increase by approximately 61 percent. In the same time period, fuel consumption and CO2 

emissions are projected to increase by just 37 percent. Fuel burn and CO2 emissions are 
growing less quickly than traffic because of the introduction of more efficient engine 
technology, aircraft retirement and fleet expansion. This reflects the already strong 
commitment of the aviation industry to fuel conservation and the consequent emission 
reductions. 

The preliminary results of this study show that by 2015 there will be an additional benefit of 
approximately 5 percent fuel burn and CO2 emission savings due to the introduction of 
planned CNS/ATM systems implementation measures within the United States and Europe. 
These results show the annual fuel and CO2 savings for 2015 from CNS/ATM systems 
improvements for both the United States and the Europe Civil Aviation Conference States of 
the European Region. Preliminary results show savings of a similar order of magnitude for 
oxide of nitrogen (NOx), unburned hydrocarbon (HC) and carbon monoxide (CO), but the 
work is subject to further analysis, verification and validation. 

Conclusions 

The report presents the results of environmental assessment executed for implementation of 
the CNS/ATM systems in Central Asia. The main environmental factors considered for this 
project were the fuel consumption and aircraft emission, which are dependent largely from 
the abilities of ATM to manage flights effectively. In this report it is shown that CNS/ATM will 
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provide the reduction of fuel consumption and aircraft emission as a result of more direct 
routes (less distances between the points of destination), optimization of aircraft load factor, 
aircraft weight, more preferred altitudes, and some other airport improvements. CNS/ATM 
has been found by several environmental assessments to be environmentally friendly and in 
fact, reduces the environmental intrusions associated with the present method of air traffic 
control and the aviation environment. 
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I ntrod uction 

The objective of Task 11 is to look towards the future and develop traffic forecasts for 
the number of flights for a fifteen (15) year period. The forecasts will be developed 
using three scenarios: worst case, most likely, and optimistic. 

Forecasting and/or projecting future air traffic and growth rates is at best difficult. As 
evidenced during the aftermath of 9-11, air traffic growth declined on a global basis 
and was somewhat slow in recovery. The aviation and air traffic growth projections 
made prior to this incident clearly did not reflect the real-world post 9-11 environment. 

The OORS Team recognizes the risk and potential criticism associated with 
forecasting the future and as indicated in the report, has taken several steps to 
minimize this risk. Essentially these steps equate to "casting a large net" by 
obtaining a cross section of information and data from various organizations/agencies 
knowledgeable about air traffic growth. This information and data is subsequently 
individually analyzed by the OORS team members and then discussed in group to 
reach a consensus. 

The previous information and data used by the OORS team members to reach 
consensus regarding future air traffic growth rates were: 

• Questionnaire Oata provided by the States 
• Current Traffic Flows and Loads data provided by the States 
• Major Airline Operator Flight data 
• Regional Aircraft Statistical data 

The "weighting" of this data varied depending upon factors such as currency, 
completeness, relevancy, etc. The highest consideration was placed on the data 
provided by the States contained in the questionnaires. 
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Methodology 

A uniform and standardized methodology will be essential in order to ensure the 
consistency and accuracy of air traffic management (A TM) data as well as data 
pertaining to the underlying communications, navigation, surveillance (CNS) 
infrastructure. A detailed understanding of this underlying infrastructure will be 
important for forecasting traffic volume as well as projecting the capability of the air 
naVigation system to meet future air traffic growth. 

During the kickoff meeting Central Asia representatives and DORS personnel 
discussed methodology options at length and concluded that the methodology must 
include both written surveys in the form of questionnaires and on-site visits to 
compile and validate the ATM data. In addition, each State would be requested to 
provide airline and flight data for each appropriate airport location. In turn, this data 
would also be validated during the site visits and compared to traffic flow and load 
data that is publicly available. One source of public information is the Official Airline 
Guide (OAG). The OAG is essentially an airlines schedule database providing 
details for approximately 1,000 airlines and more than 3,500 airports. 

The content and scope of the questionnaires were concluded during the kickoff 
meeting. It was also determined that each of the questionnaire recipients must 
understand the importance and relevance of the questionnaire/site survey 
methodology. The following text accompanied each of the questionnaires: 

"This questionnaire is aimed at obtaining data on Airspace, Facilities, 
Communication, Navigation, Surveillance, Information Distribution, Capacity, 
Modernization, Finance, Personnel and Simulation Data Requirements. The data 
obtained will support the Study findings and recommendations." 

The data from this questionnaire and the information gathered during the site visits 
will provide two complementary sources of information for establishing a validated, 
accurate baseline. The accuracy of this baseline is critical in supporting the 
activities associated with the other tasks performed under the Study. The 
questionnaires and site surveys were successfully completed and the details of 
both are provided in the previous task reports. 
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Forecast Traffic Volumes 

Central Asia Service Providers 

The air navigation service providers (ANSPs) of each state were requested to 
provide data regarding the existing traffic conditions in each of their respective 
areas of responsibility as well as their projections of future traffic growth. 

The following charts depict the data/information provided by each state: 

Arrival and Departure Traffic 

State 2005 2005 2010 2010 2015 2015 
Arrival Departure Arrival Departure Arrival Departure 

Kazakhstan 52,500 52,500 67,500 67,500 80,000 80,000 
Kyrgyzstan 24,584 24,584 24,584 24,584 24,584 24,584 
Tajikistan 8,421 8,421 8,421 8,421 8,421 8,421 
Turkmenistan No data No data No data No data No data No data 
Uzbekistan 17,500 17,400 19,500 19,300 20,000 20,000 

Overflights 

State 2005 2010 2015 , 

Kazakhstan 340,000 345,000 350,000 
Kyrgyzstan 24,584 24,584 24,584 
Tajikistan 8,000 10,000 12,000 
Turkmenistan No data No data No data I 

Uzbekistan 31,200 33,500 35,500 I 

Note: Turkmenistan indicated that the request for this information was "not 
relevant". Apparently the traffic volume in their airspace is relatively low as 
compared to the other States. 

An analysis of the data provided some interesting information and statistics with 
respect to the ANSP traffic forecast. Some of these are as follows: 

1. Kyrgyzstan data indicates they do not believe there will be an increase in 
arrival and departure, and overflight traffic for the entire 10 year period. 

2. Similarly, Tajikistan indicates there will be no increase in arrival and departure 
traffic for 10 years, but there will be overflight traffic growth. Specifically, they 
indicated that overflight traffic will grow a total of 25% between 2005 and 2010 and 
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20% between 2010 and 2015. Assuming a linear growth curve with equal 
distribution then the projected annual growth rate is approximately 4.56% for the 
years 2005-2010 and approximately 3.72% for the years 2010-2015. 

3. Kazakhstan and Uzbekistan both project annual growth for arrival/departure and 
overflight traffic. The annual rate of growth for as forecasted by each of the States 
are: 

Annual Percentage Growth Projections 

State 2005-2010 2010-2015 2005-2010 2010-2015 
Arrival/Depart Arrival/Depart Overflight Overflight 

Kazakhstan 5.2 3.5 0.29 0.29 
Uzbekistan 2.1 0.6 1.4 1.2 
Tajikistan 0 0 4.56 3.72 
Kyrgyzstan 0 0 0 0 

Aviation Industry Organizations 

During a 15-20 September 2008 ICAO Conference on the Economics of Airports 
and Air Navigation Services held in Montreal, Canada, Airports Council 
International (ACI) predicted that global passenger volumes will surpass the five 
(5) billion mark by 2009 and reaching eleven (11) billion by 2027. Consequently, 
over the next fifteen (15) years global air passenger traffic is projected to grow by 
4% per year. ACI also predicted that air freight will increase at an even greater 
rate, of 5.1 % per year. 

Their overall predicted annual growth rate is not anticipated to be linear. At the 
onset it is estimated that annual growth will be somewhat slow as a result of 
external factors such as the economic crisis and fluctuating fuel prices. It was also 
noted that the actual degree and rate of growth will be influenced by the ability of 
the airports and aviation infrastructure (such as communications, navigation, 
surveillance and air traffic management) to accommodate the demands of the 
airspace operators. A graphic of their projection is illustrated in the following chart: 
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The International Air Transport Association (lATA) 2008 report on "The 
Economic and Social Benefits of Air Transport 2008" highlighted the overall 
benefits associated with the aviation industry and also predicted the degree of air 
traffic growth on a global basis. 

According to lATA, there are approximately two thousand (2,000) airlines around 
the world that operate a fleet of twenty-three thousand (23,000) aircraft. These 
aircraft service some three thousand seven hundred fifty (3,750) airports and 
transverse a route system of several million kilometers. Approximately one
hundred sixty air navigation service providers are responsible for the safe and 
efficient movement of these aircraft. 

From a business perspective the GOP (gross domestic product) is an accepted 
measure of national income and outpit for a given State's economy. GOP is 
defined as the total market value of all final goods and services produced within the 
State in a given period of time (typically a calendar year). On a global level and in 
particular those regions of the world that do not have a well established surface 
transportation infrastructure, aviation is typically the cornerstone of international 
and in many cases domestic trade. The following lATA graphic is an estimate of the 
importance of the aviation section to the overall GOP 
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lATA forecasts a 5.9% per year air traffic growth for the Asia-Pacific region of the 
world. This region includes the Central Asia States. According to lATA the Asia
Pacific region will be the largest aviation market in the world. To cope with the ever
increasing demands for aviation system capacity and cost-efficiency, lATA advises 
that the air traffic management sector must transition from its presently fragmented 
national arrangements to a regionally coordinated regulatory and operating 
environment. 

This transition will require strong regional inter-governmental institutions to 
coordinate the harmonization of aviation regulations and infrastructure. Regionally 
harmonized air traffic management (A TM) systems should be put in-place to provide 
appropriate capacity, safety and efficiency levels. This will also contribute towards 
mitigating aviation's impact on the environment. 

Strong regional coordination will enable new concepts in air traffic control technology 
to be implemented, thereby allowing aircraft to become less reliant upon expensive, 
ground-based infrastructure. A consistent approach, in-line with the ICAO 
Operational Concept will be necessary to facilitate the uniform implementation of 
ATM enhancements throughout the region. The future ATM system must be 
designed to fully utilize the standardized modern technology available on the aircraft. 
In addition, airspace restructuring is urgently required and careful and a responsible 
planned approach to improving the infrastructure. 

Aviation Aircraft Industry Suppliers 

As mentioned in the introduction, forecasting and/or projecting future air traffic and 
growth rates is at best difficult. Organizations such as those mentioned above (ACI, 
lATA) represent those groups and individuals that are performing direct services and 
support for day-to-day operations-airport owners and operators, airlines/airspace 
users. Because of the groups and individuals they represent, these Organizations 
must remain positive and have a solid outlook for the aviation industry as a whole. 
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The point is that these Organizations do not manufacture and/or sell products, hence, 
they do not have an upfront capital investment. 

The same is not true for aviation industry manufactures and suppliers. They have to 
be extremely careful in forecasting air traffic growth and the subsequent demand for 
their products and services. The reason for this caution is the need for manufactures 
and suppliers to make an upfront capital investment in order to produce and market 
their equipment and systems. If they are wrong in predicting a near-term demand for 
their products and services, their upfront capital investment will be at risk, they will 
likely not have a positive cash flow, and will be operating at a loss. Another real
world factor is product shelf-life. Simply stated, no one wants to purchase "old" 
technology, systems and equipment. So if there is not a reasonable near-term 
need/sale of their products, then the products will lose their marketability and likely 
be an investment loss. 

Consequently, the air traffic forecast views of the aviation industry suppliers 
(manufacturers) should be taken into consideration when predicting future growth. A 
small sampling of representative supplier views are provided for reference: 

• Boeing (November 2008): Air transport is in a highly dynamic period. 
Challenges include a slowing world economy, high oil prices, and in some 
markets, slowing traffic growth. Current Market Outlook 2008-2027 is rooted in 
today's realities. Over the past 20 years, air travel grew by an average of 4.8 
percent each year. This was despite two major world recessions, terrorist acts, 
the Asian financial crisis of 1997, the severe acute respiratory syndrome 
(SARS) outbreak in 2003 and two Gulf wars. During 40 years of producing the 
Current Market Outlook, we have learned that the resilience of air transport 
growth comes from its intrinsic importance to the livelihood of people around 
the world. On average over the next 20 years, passenger travel will grow at 
5.0 percent and cargo at 5.8 percent. The fastest growing economies will lead 
the transformation into a more geographically balanced market. More 
productive, new airplanes will playa greater role, and there will be relentless 
pursuit of further environmental progress. 

• AIRBUS (2007): Forecast global air transport growth is predicted to increase 
at an annual rate of 4.9%. In particular, for the Central Asia and Middle 
Eastern regions for the period 2007-2026 passenger traffic is projected to 
increase 5% annually whereas air freight annual growth is estimated to 
increase 3.9% annually. 

• Rockwell-Collins (November 2008): Global air traffic in 2009 is now expected 
to be flat, compared with a prior forecast of 1 % to 3% growth, because of the 
economic downturn, Jones said. Airlines already are pulling between 800 to 
1,000 planes from the global fleet, but that could decline by an additional 400 
planes before the end of the next year. 

Aviation Agencies and Organizations 
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The International Civil Aviation organization (lCAO), an agency of the United 
Nations, codifies the principles and techniques of international air navigation and 
fosters the planning and development of international air transport to ensure safe and 
orderly growth. 

The Central Asia States are contracting members of ICAO and are represented by 
the European and North Atlantic (EAC/NA T) Office located in Paris, France. The 
EAC/NA T office provides forecasts of air traffic growth within their region. The most 
recent projection (2008) provides an optimistic, baseline and pessimistic range for 
annual growth. A chart of these projections is as follows: 

ICAO EURINAT Traffic Forecast (percentage) 

Scenario 2009 2010 2015 2020 
Optimistic 6.2 6.4 5.3 4.7 

Baseline 5.0 4.9 4.4 4.0 
Pessimistic 3.8 3.3 3.4 3.1 

The U.S. Federal Aviation Administration (FAA) develops near, medium and long 
range traffic forecasts for both domestic and international operations. Their current 
belief is that on average through the year 2025 global air traffic will grow at a rate of 
4.2% per year. 

EUROCONTROL documents and data figures indicate a similar global air traffic 
growth rate as does independent assessments by organizations such as the German 
Aerospace Center. The optimistic annual growth rate is projected to be 4.9% per 
year through the year 2020, with a more conservative growth prediction of 2.5% to 
3.0% per year. 
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Summary 

The DORS team carefully reviewed and analyzed this broad range of traffic forecast 
data during the development of the three (3) prediction scenarios: worst case, most 
likely, and optimistic. 

In addition, we took into account the fundamental drivers of air transportation such as 
projected future consumer/air traveler behavior and expectations, the stability of the 
political and social environment, the pace of liberalization, and the outlook with 
respect to airspace and airport congestion. The team also determined it would be 
prudent to cross reference the information obtained with an accounting of the number 
of aircraft in the region that are currently operating and the present conditions of the 
underlying infrastructure (reference Task 6 and Task 2/3 reports). 

Based on these actions, the DORS Team developed the following traffic forecast 
predictions for the Central Asia Region: 

Traffic Forecast-Annual Rate of Growth (percentage) 

Scenario 2009-2015 2016-2020 2020-2025 
Worse Case 1.8 2.3 2.4 
Most Likely 3.2 3.4 3.5 
Optimistic 4.6 4.8 5.0 
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Introduction 

The objective of Task 12 is to develop a financial profile for CNS/ATM modernization 
and identify potential sources for financing. 

Using the findings and conclusions from the previous task reports, a notional 
implementation schedule for a fifteen (15) year period was developed for the Central 
Asia region. During the development of this schedule the following assumptions 
were considered control factors and established the foundation for implementation: 

1. Existing condition, status and capabilities of communications, navigation 
surveillance and air traffic management (CNS/ATM) systems and services as 
determined during the individual site surveys, personnel interviews, questionnaires 
and subsequent data provided by the participating states/working group members. 
This data and information are contained in the Task 3 report. 

2. Remaining in-concert with international trends for implementing CNS/ATM 
technologies on a regional basis and consistent with ICAO and International Air 
Transport Association (lATA) planning documents, as well as other CNS/ATM-related 
implementation documents. This data and information are contained in the Task 4 
report. 

3. Ensuring consistency and compatibility between airspace user requirements and 
airspace service provider development requirements as detailed in the Task 6 and 7 
reports. 

4. Following the optional transition scenarios developed in Task 9 with particular 
emphasis being placed on the cost(s) versus benefit(s) of the options and the 
optimum method for implementing appropriate technologies for national and/or 
regional investments by one or more of the five service providers. 

5. Remaining sensitive and appreciative of the positive and negative environmental 
impacts that result from the implementation and use of next generation CNS/ATM 
systems and services as described in the Task 10 report. 

6. Forecast traffic volumes and the associated upper and lower airspace operational 
requirements to safely and efficiently control/managed aircraft movements. The 
forecast traffic volumes for each participating State and the Region are contained in 
the Task 11 report. 

Modifications and/or changes to these control factors could impact the time line 
associated with implementation of one or more of the CNS/ATM systems. 
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Methodology 

In addition to the control factors as outlined in the introduction, one must also remain 
aware of and take into consideration the following real world conditions: 

1. The maturity of the technology, capabilities and services made available by the 
modernized CNS/ATM systems. 

2. The willingness and ability of the airspace users to equip and operate with next 
generation systems. 

3. The outlook for expanding and/or upgrading modernized systems commensurate 
with growing operational airspace demands. 

4. Documented International Civil Aviation Organization (lCAO) constraints, 
concerns and limitations of existing systems and services with respect to phases of 
flight operations, and ICAO strategic resolutions for resolving these issues. 

5. The extent to which airspace service provider and airspace user equipment can 
be "shared" to enhance overall operational safety and effectiveness. 

The DORS Team determined that a realistic approach for CNS/ATM implementation 
must remain focused on the development and deployment of available technologies 
that yield immediate operational benefits while becoming the basis for future 
advances. This implementation approach includes, but is not limited to the following 
key considerations: 

• The creation of user incentives to accomplish early equipage - the incentives 
should motivate users to embrace new technologies. The system should not 
exclude non-equippers, but recognizing that their operations may not be 
optimized. 

• Capacity limitations should not affect user demand - the system must expand 
ahead of projected growth and accommodate all users. Artificial restrictions on 
the marketplace are unacceptable. 

• Minimize the reliance on ground-based equipment - satellite and aircraft-to
aircraft technologies offer dramatically more operational flexibility at a fraction 
of the cost of today's system. The implementation should encourage the use 
of satellite communications and navigation with less reliance on ground-based 
technologies to the maximum extend possible. 

• Make use of airborne and airborne-sharing equipment - the next generation of 
onboard communication, navigation and surveillance technologies will enable 
all aircraft and service providers to have total situational awareness, 
increasing safety on the ground and in the air. Users and providers can 
effectively be linked together to achieve this important enhancement. The 
implementation vision is to link the sharing of radar data, flight data 

424 



i~ 

~ 
-"--' 
-~ ~ 

processing, and aeronautical flight information between the service provider 
and airspace user. 

Notional Implementation Schedule 

ICAO has identified the following operational requirements, constraints, concerns 
limitations and strategic resolutions associated with each phased of flight operations 
as highlighted in the following tables. 
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Flight Planning Phase 

ie 

ICAO Recommendation Constraint, Concern, or Strategic Resolution of 
(Operational Requirement) Limitation Constraint 

Provide aircraft operators Flight Planning Integration of information on 
with information that will Lack of automation, accuracy, capacity constraints at ACCs and 
enable them to plan flights timeliness. Lack of an adequate airports to provide optimum airport 
for optim um profile/route/ aeronautical information scheduling information 
trajectory and meet their service (NOTAMs). 
planned departure times. Integration of ATC and ATFM (Air 
This includes weather. AIS Monitoring Performance Traffic Flow Management) information 
(Aeronautical Information Lack of availability. integrity together with decision-making tools to 
Service) NOTAMs, etc updates, accuracy accommodate late flight plan changes 

Provide aeronautical Nav/Guidance Performance Provide user access to interactive, 
information in a timely and Lack of accurate navigation integrated flight information to 

accurate manner. system, availability of system, include real time data in AIS, MET 
RNP (Required Navigation (Meteorology), ASM (Air Traffic System 

Provide flight plan Performance) determinations, Management), and ATFM for flight plan 
information to adjacent integrity and reliability of filing purposes 
control facilities navigation signals 

Enhance FPDP (Flight Plan Data 
Enable aircraft operators Communications Performance Processing) to access tactical ASM , 
to meet their planned times Lack of availability, integrity, ATC, ATN, and ATFM information to 
of departure and arrival, and and latency of communication include the use of repetitive flight plans. 

adhere to their preferred systems. Lack of a definitive Install AMHS. 
flight path with minimum data link capability 
constraints and without Provide ground communications that 
compromising agreed levels Control Performance permit the filing, processing, and 
of safety. Lack of procedures, control, and retention of flight plans 

cockpit awareness. Lack of a 
viable flow control capability. Provide automated co-ordination and 
Use of redundant and excessive decision-making tools to support 
separation procedures. Lack of optimum profile planning 
seamless airspace configurations 
(while control performance effects Provide HMI ( Human Machine 
flight plan development, these Interface) to access the integrated 
sub-elements are resolved in the system. 
en route environment) 

-

~- ~- - ~- - - - - - - -

Table 1 - Flight Planning Phase 

Airport Surface Phase 

~ 

426 

=" 



ICAO Recommendation Constraint, Concern, or Strategic Resolution of I 

Iv (Operational Requirement) Limitation Constraint 
I 

Maximize runway and taxi- Taxiwa~ Configuration Optimize airport surveillance that 

I way utilization to ensure Lack of adequate taxiways improves pilot and controller 
minimum taxi time between Increased runway crossings awareness that includes ASDE 
departure gate and take-off Inadequate airport lighting (Airport Surface Detection Equipment), I 

to meet planned departure Movement area congestion ADS-B (Automatic Dependent 
times Surveillance - Broadcast), or A-SMGCS

1 

Control Performance (Advanced-Surface Movement 
Maximize runway and taxi- Lack of adequate tower Guidance And Control System) where 
way utilization to ensure visibility and controller needed 
minimum taxi time to enable awareness. Lack of adequate 
operators to meet their cockpit visibility and pilot Optimize controller tools for airport 
planned arrival time awareness. Inadequate management 

decision making tools. 
Provide a safe and orderly Control integrity Improved airport management that 
flow around the airport includes most direct route between 
from gate to runway and Communication Performance runway and gates; utilization of SMA 
visa versa Frequency congestion (Surface Management Advisor) 

Availability 
Enable aircraft operators Integrity Improve airport lightning A-SMGCS 
to meet their planned times Intervention 
of departure and arrival, and Integration of arrival, apron, and 
adhere to their preferred Aircraft Performance departure managers 
flight path with minimum Speed 
constraints and without Maneuverability Integration of ATC, ATFM, airports, 
compromising agreed levels Equipage and AOC (Airline Operational Control) 
of safety. information 

Airport Visibilit~ 
Cockpit visibility Implementation of ATIS and PDC 
Weather 

"~, Flow Control 
Congestion 

Monitoring Performance 
Inadequate airport surveillance 

Ai[Qort Information 
Lack of ATIS (Automated 
Terminal Information Service) 
and PDC (Pre-Departure 
Clearance) 

Table 2 - Airport Surface Phase 
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Initial Departure and Final Approach Phase 

i,G 
ICAO Recommendation Constraint, Concern, or Strategic Resolution of 
(Operational Requirement) Limitation Constraint 

To accommodate different Runway OccuQancy Concerns Optimize arrival and departure 

landing priorities for a Length, high speed turnoffs, routes (SIDs - STARs) within an agree( 

given operator to optimize exits; runway surface conditions; environmental policy 

in and out operations. braking actions; RW (Runway 
Visibility Value) RVR (Runway Integrate arrival/departure managers 

To maximize runway Visual Range) at adjacent/close airports 

utilization and provide a 
Runway Ol2erations smooth and seamless 

Provide flight profile prediction 

transition to the final Missed approaches and optim ization tools 

approach course. Crossing/intersecting runways 
Parallel/converging flight paths Optimize airport instrumentation 

To provide adequate Departures/arrivals same runway for local weather measurement 

instrument approach aids Acceptance rate/wake turbulence 

and procedures. 
Provide adequate surveillance 

Control Performance that will expedite arrivals and 

To provide for a smooth Separation/metering departures in a safe and orderly 

transition from the runway Go-around decisions manner. 

to the departure phase Runway incursion/detection 

and from the arrival phase blunders. Lack of CTAS (Center/ Provide the environmental and 

to the landing runway Terminal Automation System). runway configurations that expedite 
arriving and departing aircraft. 

Enable aircraft operators Aircraft Performance 

to meet their planned times Traffic mix Optimize controller tools such as 

of departure and arrival, and Approach speeds CTAS; P-FAST (Passive Final 

adhere to their preferred Braking actions Approach Sequencing Tool), URET 

flight path with minimum 
(User Request Evaluation Tool), and 

constraints and without Monitoring Performance SMA to improve controller performance 

compromising agreed levels Lack of adequate surveillance in and decision making. 

of safety. the immediate approach area. 
Lack of radar for vectoring to Provide more accurate navigation 
final. capability that minimizes missed 

approaches, reduces terrain and 
Communications Performance obstruction minima, and provides 
Lack of immediate intervention more cockpit awareness. 

AJ;mroach Procedures 
Lack of accurate and reliable 
instrument approach procedures 

Navigation Performance 
Lack of accurate, reliable 
navigational equipment and 
signals (satellite navigation) 

"--'-

Table 3 - Initial Departure and Final Approach Phase 
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Approach and Departure Transition Phase 

i~ ICAO Recommendation Constraint, Concern, or Strategic Resolution of 
(Operational Requirement) Limitation Constraint 

To provide for a smooth Aircraft Performance Optimize arrival and departure 
transition from departure Speed routes utilizing SIDs and STARs 
phase to the en route phase Maneuverability 
so aircraft can adhere to Equipage Improve the overall efficiency of 
their planned flight profiles Climb capability airport operations and runway 

Traffic mix 
To provide for a smooth Optimize airport instrumentation 
and seamless transition from Control Performance for local weather measurement. 
the en route phase to the Lack of standardized arrival 
arrival phase so aircraft can and departure procedures. Provide metering and sequencing 
meet their planned times Lack of ground automation. tools ( CTAS; P-FAST, URET) 
of arrival Obstacle and terrain clearance 

concems Provide equipment and procedures 
To enable aircraft operators for departure and arrival navigation 
to meet their planned times Airport Flow 
of departure and arrival, and Runway configurations Improve methods of determining 
adhere to their preferred NOTAMs obstruction and terrain clearances. 
flight path with minimum Flow control 
constraints and without Optimize navigation capabilities and 
compromising agreed levels Navigation Performance procedures in terminal areas 
of safety. Galileo 

GBAS (Ground-base Optimize surveillance capabilities 
Augmentation System) Within terminal airspace 
availability 
Signal reliability 
RNP values 
Integrity/accuracy 

/' " Monitoring Performance 
Lack of adequate surveillance. 

Communications Performance 
Lack of adequate two-way 
communications within 30 miles 
of the airport. Lack of adequate 
intervention capability 

Table 4 - Approach and Departure Transition Phase 
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En Route Phase 

i .;;;> 
ICAO Recommendation Constraint, Concern, or Strategic Resolution of 
(Operational Requirement) Limitation Constraint 

To make the en route phase Navigli!!iQn PedQrmli!nQil Revise institutional polices to 
of flight a seamless phase Lack of an accurate and available facilitate gate-to-gate operations 
of flight and to provide an navigational system that has 
overall gate-to-gate integrity and is not limited to line- Inter-relate ASM, ATS, and ATFM 
approach of-sight reception. polices and integrated information 

systems 
To expedite aircraft between 8il]i(;1li!!dl Coofi9l.1Cli!!iQO 
two points with minimum Inadequate airspace conflQuration Use of compatible air and ground 
delay while maintaining an Inadequate use of airspace systems 
acceptable level of safety Airspace too complex and dense 

for optimum use. Lack of Develop and utilize procedures based 
To enable aircraft operators seamless airspace on dynamic and real time air traffic 
to meet their planned times 
of departure and arrival, and 8itl<ClIfi ~!IDQCCOli!O!dl Provide and utilize trajectory monitoring 
adhere to their preferred Equipage tools 
flight path with minimum Traffic mix 
constraints and without Climb and descent characteristics Develop and implement autonomous 
compromising agreed levels Altitude performance separation activities in specified areas 
of safety. 

CQCOCOl.loiQaliQO PeifQccoaoQ:l Provide viable two-way communications 

Lack of complete two-way in all areas of responsibility 

communications in operational 
Develop procedures based on modern airspace; saturation of 

communications environment or equipment and techniques that make 

speclrum use of aircraft avionics' capabilities. 

MQoi!Qci09 ~!ldilccoao!dl Develop joint-use military airspace 

Lack of surveillance in complex for seamless phases of flight and for 

and high density airspace; lack of optimum use of airspace 

adeq uate surveillance updatesl 
blind spots Implement navigation capability 

using satellite navigation to provide 

CQo!rol PedilCCOli!O!dl direct routes on a'Mlrld wide baSis 

Excessive separation standards that minimize flight time. 

Lack of optimum procedures 
Excessive coordination required 

Table 5 - En Route Phase 
.~ 
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Each service provider organization was surveyed to determine their views and 
opinions regarding CNS/ATM implementation scheduling for a fifteen year period. 
Based on the information/data provided by the service provider organizations 
coupled with the aforementioned ICAO resolutions, control factors and real world 
conditions, the following notional implementation schedule was developed. 
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Communications Transition 

A TN (Aeronautical Telecommunications 
Network) 

0-5 Years 
Kazakhstan X 
Kyrgyzstan X 
Tajikistan X 
Turkmenistan 
Uzbekistan 

AMHS (Air Traffic Service Message Handling 
Service) 

Kazakhstan X 
Kyrgyzstan X 
Tajikistan X 
Turkmenistan 
Uzbekistan 

AIDC (Air Traffic Service Inter-facility Data Link 
Communications) 

Kazakhstan 
Kyrgyzstan 
Tajikistan 
Turkmenistan 
Uzbekistan 

Voice Communications and Control System 
(VCCS) 

Kazakhstan X 
Kyrgyzstan 
Tajikistan 
Turkmenistan 
Uzbekistan 

Voice Communications--VHF 

Kazakhstan X 
Kyrgyzstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 
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5-10 Years 10-15 Years 

X 
X 

X 
X 

X 
X 
X 
X 
X 

X 
X 

X 
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0-5 Years 5-10 Years 10-15 Years I 
Voice Communications-HF ! 

I 

Kazakhstan X 
Kyrgyzstan X I 
Tajikistan X I 

Turkmenistan X I 

Uzbekistan X 
! 

Data Links VDL M2 (VHF Data Link Mode 2) 
I 

Kazakhstan Not planned for use all States 
Kyrgyzstan 
Tajikistan 
Turkmenistan 
Uzbekistan 

Data Links VDL M2 (VHF Data Link Mode 4) 

Kazakhstan X 
Kyrgyzstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 

Data Links ACARS (Aircraft Communications 
and Reporting System) 

Kazakhstan X 
Kyrgyzstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 

Data Links HFDL (HF Data Link) 

Kazakhstan Not planned for use all States 
Kyrgyzstan 
Tajikistan 
Turkmenistan 
Uzbekistan 

-- - - - - ----
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0-5 Years 5-10 Years 10-15 Years 
Data Links Mode S (Mode Select) 

~ "",-

Kazakhstan X 
Kyrgyzstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 

Data Links VSAT(Very Small Aperture 
Terminal) 

Kazakhstan Not planned for use all States 
Kyrgyzstan 
Tajikistan 
Turkmenistan 
Uzbekistan 

-

~ 
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Navigation Transition 

iO' 
VOR 

0-5 Years 5-10 Years 10-15 Years 
Kazakhstan X 
KYrgyzstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 

DME 
I 

Kazakhstan X 
Kyrgyzstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 

ILS ! 
, 

Kazakhstan X 
Kyrgyzstan X 
Tajikistan X 
Turkmenistan X , 

Uzbekistan X 

,-, 
, , NDB 

Kazakhstan Remove 75% I 

Kyrgyzstan Remove 75% I 

Tajikistan Remove 50% I 

Turkmenistan Remove 30% i 

Uzbekistan Remove 30% 

~ 

GNSS 
, 

I 

Kazakhstan X 
, " Kyrgyzstan X 

Tajikistan X 
. 

Turkmenistan X 
Uzbekistan X I 

~/ 
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Surveillance Transition 

i~ 
i ASR (Airport Surveillance 

Radar) -11 and ASR-12 
0-5 Years 5-10 Years 10-15 Years 

Kazakhstan X 
Kycgyzstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 

ADS (Automatic Dependent 
I Surveillance): ADS-B 

Kazakhstan X 
KY'ID'zstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 

, 

ADS (Automatic Dependent I 
Surveillance)~ ADS-C 

I 

Kazakhstan X , 

Kyrgyzstan X ! 

" 
Tajikistan X I 

Turkmenistan X 
Uzbekistan X 

Mode S 1090 Extended Squitter I 

Kazakhstan X ! 

KYC9yzstan X I 

Tajikistan X 
Turkmenistan X 
Uzbekistan X 

L.,;;;. 
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ATM Transition 
jQi 

FDP (Flight Data Processoti 
0-5 Years 5-10 Years 10-15 Years 

Kazakhstan X 
Kyrgyzstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 

TFM(Traffic Flow Management) 

Kazakhstan X 
Kyrgyzstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 

RNA V (Area Navigation) 

Kazakhstan X 
KYJ'ID'Zstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 

<, 
\, ..-

RVSM (Reduced Vertical Separation 
Minima) 

Kazakhstan X 

KYJID'zstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 

RNP (Required Navigation Performance) 

Kazakhstan X 
KYI"9Yzstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 
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0-5 Years 5-10 Years 10-15 Years 

ig RCP (Required Communications 
Performance) 

Kazakhstan X 
Kyrgyzstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 

RSP (Required Surveillance Performance) 

Kazakhstan X 
Kyrgyzstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 

RTSP (Required Total System 
Performance) 

Kazakhstan X 
Kyrgyzstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 

CDM (Collaborative Decision Making) 

Kazakhstan X 
Kyrgyzstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 

AIS (Aeronautical Information Service) 

Kazakhstan X 
Kyrgyzstan X 
Tajikistan X 
Turkmenistan X 
Uzbekistan X 
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Budgeting for modernization is always a difficult process from both a planning and 
execution perspective. The myriad of variables, such as market trends, technology 
improvements, quantities purchased, guarantees/warranties, spare parts, training, 
and maintenance can result in significant price differentials. 

Purchasing next generation equipment, systems and services on a Regional basis 
should reduce the pricing for each individual state and afford the maximum 
opportunity for long-term systems guarantees and supportability. Hence, it is 
recommended that institutional measures and schedules be put in place to 
harmonize the purchase of new equipment, systems and services. 

For instance, in the above communications transition chart Kazakhstan, Kyrgyzstan 
and Tajikistan plan to move forward with an Aeronautical Telecommunications 
Network (A TN) within the next five years. It would be beneficial for these states to 
work together as much as possible to procure the A TNs at the same time and 
collaborating to issue a single tender. 

Recognizing the impact of the abovementioned variables and the transition 
schedules the DORS Team developed a rough order of magnitude estimate of the 
costs of the next generation sets of equipment, systems and services for which the 
participating states may find difficult to estimate. The participating states recognize 
the cost of traditional systems that have been "modernized", such as VOR, DME and 
ILS. 

These figures should be considered as a starting point for the planning and 
budgeting process. The amounts indicated below were compiled based upon data 
obtained from global suppliers, information provided by civil aviation authorities that 
have recently obtained next generation equipment, systems and services, and in 
consideration of the 15 year transition charts in the previous pages of this document: 

1. VHF clusters of radios (transmitters and receivers; 10 systems in each cluster) to 
include freight and installation on average should be approximately $200,000USD. 

2. Communication towers, including land, site preparation, support building(s), 
cabling and power facilities should not exceed $350,000USD. 

3. VOL-Mode 2 units (4 radios per state) to include freight and installation should be 
approximately $50,000 USD each. 

4. It is suggested that GNSS monitors and data recorders be installed to alert air 
traffic personnel regarding the status of navigation signals and to record this data for 
further reference. The approximate cost of such a monitoring system should not 
exceed $50,000USD. 

5. A "turn-key" ATM system to include the integration of ATN, AMHS and AIDC 
should be approximately $3,000,000USD. Note that fully equipped controller 
workstations including parallel controller positions may cost as much as 
$1 ,OOO,OOOUSD each. These workstations include monitor equipment for ADS, 
CPDLC, displays capable of both ADS and radar monitoring, strip printers if required, 
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input/output devices etc. The cost of each workstation will be a function of the 
associated operational configuration. 

6. For both surface and terminal surveillance with the potential of providing en route 
surveillance, and ADS-8 station should cost approximately $150,OOOUSD. Regarding 
an ADS-C station, the individual cost will likely be in the range of $200,OOOUSD due 
to installation and cabling in the more remote areas. 
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Potential Sources for Financing 

Prior to determining the best source for financing it is advisable to develop an 
accurate and complete financial plan. The basic steps for developing such a 
financial plan include air traffic forecasts, a financial and economic analysis, a 
comprehensive end-to-end plan, identification of sources for financing and revenue 
opportunities. 

l 

l 

Sources of Financing 

~ 

Basic Financial Steps 

Direct financing of many basic components may not involve aviation at all, particularly 
where aviation is relatively minor user of a particular system (e.g. satellite 
navigation). In such situations, financing may be arranged by the system operator 
with aeronautical users paying for access through leases or charges, which would 
include an element to recover the costs of financing and repayment of capital. 

Regarding the Basic Financial Steps, as outlined in the figure: 

1. Air Traffic Forecasts: sound traffic forecasts are essential to any air navigation 
services infrastructure development project and it's financing. The main purpose 
of such forecasts is to identify traffic developments and to establish the 
associated capacity requirements of the air navigation facility or service involved. 
These forecasts are also important for carrying out financial and economic 
analyses and for preparing revenue estimates from charges on air traffic. 
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2. Financial and Economic Analysis: every major investment decision taken by a 
service provider should be supported by analyses to demonstrate cost and 
benefits to service providers, users and, as appropriate, the wider community. 
Such analyses are important when choosing between options for the 
implementation of CNS/ATM systems and when seeking government or private 
financing. Three types of analyses should be considered: 

a. Cost-benefit analyses to demonstrate financial viability and to identify the 
investment options that best conforms with the economic goal of maximizing 
net benefits and/or; 

b. Business cases study (financial evaluation) which deals with the direct costs, 
revenues and sources of funds and focuses on financial accounts and cash 
flows to demonstrate to a service provider of capital funds that loan 
obligations can be served; 

c. Economic impact study to assess the contribution of air navigation services 
to the overall economy. 

3. End-to-end Planning: the purpose of end-to-end planning is to provide the 
following basic information: 

a. Estimates of the element costs (labor, materials, equipment, etc.) of each 
distinct part of the overall project; 

b. The funds required to make disbursements at various stages in the projects 
progress; 

c. The currencies in which payments are to be made (as appropriate); 

d. The sources from which funds are to be made available, such as 

i. Sources generated by the enterprise providing air navigation services, 
such as user charges, retained earnings, contractual payments, etc. 

ii. Other sources, such as loaning institutions, grants, aide programs, etc. 

It is also important to make data available regarding the financial situation of the air 
navigation service provider over the recent years, as well as anticipated 
developments over a period of debt repayment. Of particular relevance is the 
recording of revenues and expenses by major item. Estimates regarding future 
financial developments would emanate from budgets and longer term financial plans. 
In the absence of such financial data, it would be much more difficult to decide 
whether or not the loan or financing sought should be granted. 
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Financing Options 

A survey of potential sources of financing and which of them to seriously consider 
should be done as early as possible in the planning process. Potential sources of 
funds will vary considerably from project to project and State to State. The sources to 
be approached should be studied and decided upon individually for each project and 
can be grouped as follows: direct contributions from government sources, loans or 
debt financing; internally generated resources/revenues; equity financing; and 
leasing. 

Direct contributions from governments: the extent to which direct contributions 
will be required from the government depends on a number of factors. Chief among 
these is the organizational form under which CNS/ATM systems services will be 
provided. For instance, will the government be directly involved, either alone, or in a 
joint effort with industry/other governments, or will it primarily involve a commercial 
corporation? Another factor is the type of CNS/ATM systems components involved. 
For instance, is funding being required for satellite elements or "national" ground
based faculties? Another factor is whether the traffic volume within the airspace 
concerned is sufficient to support CNS/ATM systems components in financial terms, 
including service debt. If such traffic is not sufficient, as in a situation where, for 
example, a local CNS/ATM facility would service one or more airports with very 
limited traffic, direct contributions from the government may be the only realistic 
alternative. 

Debt financing: the feasibility of debt financing will depend on whether the traffic to 
be served by the CNS/ATM systems components to be financed is of sufficient 
volume and strength to service the debt, including interest and repayment of capital. 
Where an international agency or corporate entity would be providing basic 
CNS/ATM systems services, its cost of financing could be reduced if the State for 
which the basic services are being provided were to guarantee the servicing and 
repayment of the loans concerned. This in turn should reduce the costs. 

Internally generated resources: depreciation and retained profits from the 
operation of air navigation services may become a supplementary source of financing 
for CNS/ATM systems and services. However, with regard to profits, an important 
qualification that needs to be recalled is the following principle: Air naVigation 
services may produce sufficient revenues to exceed all direct and indirect operating 
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costs and so provide for a return on assets (before tax and cost of capital) to 
contribute towards necessary capital investments. 

Equity financing: equity financing may be a viable alternative in some instances. 
For example, if a CNS/ATM systems component's services were acquired under 
contract from a commercial service provider, that operator could finance the 
investment required partially or completely through increased equity. 

Leasing: leasing rather than outright ownership could become an important 
alternative in CNS/ATM systems provision. This could apply, for example, with regard 
to GNSS integrity monitoring and augmentation systems, where access may be 
effected in a less time and capital consuming manner that if the State(s} concerned 
were to operate these facilities themselves. The possibility could also be explored of 
applying leasing to local area augmentation units, possibly through the establishment 
of leasing companies, which would operate in a manner similar to those purchasing 
and leasing out, for example, computer systems, communications systems and/or 
aircraft under long term leases. 

Examples of some of the specific alternative mechanisms for securing funding for 
modernization projects can be broadly classified as either Private or Public Sector 
options. A brief summary of these options are highlighted in the following sections. 
financial organizations (e.g. European Bank for Reconstruction and Development, US 
Export-Import Bank, OPIC, etc.). 

Private Sector Options 

Venture Capital 

Venture capital is a type of private equity capital typically provided by professional, 
outside investors to new growth businesses. Generally made as cash in exchange for 
shares in the investee company, venture capital investments are usually high risk, but 
offer the potential for above-average returns. 

A venture capital fund is a pooled investment vehicle (often a limited partnership) that 
primarily invests the financial capital of third-party investors in enterprises that are too 
risky for the standard capital markets or bank loans. Venture capital can also include 
managerial and technical expertise. 

Most venture capital comes from a group of wealthy investors, investment banks and 
other financial institutions that pool such investments or partnerships. This form of 
raising capital is popular among new companies, or ventures, with limited operating 
history, which cannot raise funds through a debt issue. The downside for 
entrepreneurs is that venture capitalists usually get a say in company decisions, in 
addition to a portion of the equity. 

Industry Investors/Consortiums 

The operations, decisions, and day-to-day performance of the service providers will 
likely have an adverse impact on those aviation related industries and organizations 
with a vested interest in airspace performance. Specifically, these interest groups 
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are those that are capable of providing equipment, systems and/or services in 
support of flight operations and those that will pay for the airspace services provided. 

The equipment, systems and/or services groups are global and include major 
corporations such as Thales, Lockheed-Martin, Raytheon, etc. For the most part, the 
vested airspace services "payer" is the International Air Transport Association (lATA). 

Since the investors will have a interest in the services and operational performance 
within each State's airspace and the Region it would be in the best interest of 
potential suppliers and airspace operators (e.g. airlines) to invest in the infrastructure 
in order to "assist" with the organizational and operational decision making 
processes. From a suppliers point of view modernization will afford an opportunity to 
sell equipment, systems and services; from an lATA point of view the airspace user 
needs to ensure overflight and/or airspace user charges remain in the forefront of the 
decision making processes of the service providers. 

Public Sector Options 

Since the service provider functions and airspace operations will effect the general 
"public" as well as the wellbeing of the overall economic infrastructure of the States 
and Region, then funding options would include government agencies of participating 
states, and international lending bodies such as the IMF, the World Bank, various 
economic agencies of the UN, and development banks. The following paragraphs 
outline key aspects of the most likely lending institutions. 

International Monetary Fund 

The primary mission of the IMF is to provide financial assistance to countries that 
experience serious financial difficulties. Member states with balance of payments 
problems may request loans and/or organizational management of their national 
economies. In return, the countries are usually required to launch certain reforms, 
which have often been dubbed the "Washington Consensus". These reforms are 
generally required because countries with fixed exchange rate policies can engage in 
fiscal, monetary, and political practices which may lead to the crisis itself. For 
example, nations with severe budget deficits, rampant inflation, strict price controls, 
or significantly over-valued or under-valued currencies run the risk of facing balance 
of payment crises in their future. Thus, the structural adjustment programs are at 
least ostensibly intended to ensure that the IMF is actually helping to prevent 
financial crises rather than merely funding financial recklessness. 

However, this approach is not without its critics, as described below. Many 
supporters of the IMF contend that some criticisms are the result of the fact that 
many people are not familiar with the operations and objectives of the IMF, and 
blame a lack of transparency within the IMF for this, as well as the dense nature of 
international finance in general. Suggestions for improving these understandings 
have included greater community outreach efforts, tighter accounting standards, 
possible regulatory oversight, and changes in the organizational structure of the IMF 
to include fewer economists, whom many fear are attempting to use developing 
countries as nothing more than lab rats. Some fear, however, that some of these 
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reforms to the IMF itself introduce political considerations rather than economic 
considerations, many of which may have resulted in the financial crises in the first 
place. According to Ulrich Beck, the International Monetary Fund is an international 
risk community combating the threat of a global financial crisis. 

World Bank 

The World Bank, as it is commonly referred to, consists of two agencies of the five 
that comprise the World Bank Group: 

• The International Bank for Reconstruction and Development (IBRD) 
• The International Development Association (IDA) 

The International Bank for Reconstruction and Development (IBRD) is one of five 
institutions that comprise the World Bank Group. The IBRD is an international 
organization whose original mission was to finance the reconstruction of nations 
devastated by WWII. Now, its mission has expanded to fight poverty by means of 
financing states. Its operation is maintained through payments as regulated by 
member states. It came into existence on December 27, 1945 following international 
ratification of the agreements reached at the United Nations Monetary and Financial 
Conference of July 1 to July 22, 1944 in Bretton Woods, New Hampshire. 

The IBRD provides loans to governments, and public enterprises, always with a 
government (or "sovereign") guarantee of repayment. The funds for this lending 
come primarily from the issuing of World Bank bonds on the global capital markets -
typically $12-15 billion per year. These bonds are rated AAA (the highest possible) 
because they are backed by member states' share capital, as well as by borrowers' 
sovereign guarantees. (In addition, loans that are repaid are recycled (relent).) 
Because of the IBRD's credit rating, it is able to borrow at relatively low interest rates. 
As most developing countries have considerably lower credit ratings, the IBRD can 
lend to countries at interest rates that are usually quite attractive to them, even after 
adding a small margin (about 1%) to cover administrative overheads. 

The International Development Association (IDA) is responsible for providing long
term interest-free loans to the world's 81 poorest countries. IDA provides grants and 
credits, with repayment periods of 35 to 40 years and no interest. Since its inception, 
IDA credits and grants have totaled $161 billion, averaging $7-$9 billion a year in 
recent years. IDA is part of the World Bank Group based in Washington, D.C. 
Kyrgyzstan, Tajikistan and Uzbekistan have all received loans from IDA. 

IDA funds are allocated to the borrowing countries in relation to their income levels 
and record of success in managing their economies and their ongoing IDA projects. 
Nearly all IDA credits have no interest charge, but credits do carry a small service 
charge, currently 0.75 percent on funds paid out. IDA also provides grants, which are 
allocated that are at risk of debt distress. In fiscal year 2008 (which ended June 30, 
2008), IDA commitments totaled US$11.2 billion, of which 28 percent was provided 
on grant terms. New commitments in FY08 comprised 199 new operations. Since 
1960, IDA has provided US$193 billion to 108 countries. Annual commitments have 
increased steadily and averaged about US$11 billion over the last three years. 

446 



i8 

/', 

~ 

" '--/ 

( "', 
'J 

: c--;. 
- --:: "C7 

IDA-financed operations address primary education, basic health services, clean 
water and sanitation, environmental safeguards, business climate improvements, 
infrastructure and institutional reforms. These projects pave the way toward 
economic growth, job creation, higher incomes and better living conditions. 

European Bank for Reconstruction and Development (EBRD) 

The EBRD provides project financing for a wide range of markets to include 
infrastructure developments. Its initial "mission" was to support the former Soviet 
Union states for the development of establishing their private sectors. Kazakhstan, 
Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan have all been recipients of 
ERBD financing. 

EBRD financing for private sector projects generally ranges from 5 million to 250 
million Euros in the form of loans or equity. The average EBRD investment is €25 
million. Smaller projects may be financed through financial intermediaries or through 
special programs for smaller direct investments in the less advanced countries. 

To be eligible for EBRD funding, the project must: 

• be located in an EBRD country of operations 
• have strong commercial prospects 
• involve Significant equity contributions in-cash or in-kind from the project 

sponsor 
• benefit the local economy and help develop the private sector 
• satisfy banking and environmental standards. 

The EBRD tailors each project to the needs of the client and to the specific situation 
of the country, region and sector. The EBRD typically funds up to 35 per cent of the 
total project cost for a greenfield project or 35 per cent of the long-term capitalization 
of the project company. The Bank requires significant equity contributions from the 
sponsors, which must equal or be greater than the EBRD's investment 

U.S. Export-Import Bank 

The U.S. Export-Import Bank (Ex-1m Bank) is the principal government agency 
responsible for aiding the export of American goods and services, and thereby 
creating and sustaining U.S. jobs, through a variety of loan, guarantee, and 
insurance programs. Generally, its programs are available to any American export 
firm regardless of size. Similar banks, or export credit agencies (ECAs), are operated 
by a number of foreign countries. 

The Ex-1m Bank provides two types of loans: direct loans to foreign buyers of 
American exports and intermediary loans to responsible parties, such as foreign 
government lending agencies which relend to foreign buyers of capital goods and 
related services (for example, a maintenance contract for a jet passenger plane). 
Both programs cover up to 85 percent of the value of the exported goods and 
services, with repayment terms of one year or more 
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Overseas Private Investment Corporation (OPIC) 

OPIC is an agency of the United States Government established in 1971 that helps 
U.S. businesses invest overseas and promotes economic development in new and 
emerging markets. 

OPIC's mission is to "foster economic development in new and emerging markets, 
support U.S. foreign policy and create U.S. jobs by helping U.S. businesses to invest 
overseas." The agency provides political risk insurance against the risks of 
inconvertibility, political violence, or expropriation. OPIC also provides financing 
through direct loans and loan guarantees. 

Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and Uzebekistan have Investment 
Incentive Agreements with OPIC. 
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ACI - Aeronautical Communication International 

Overview: ACI is an international joint venture provides various 
portable software products meeting the A TN infrastructure and 
application needs. 

Key Products: 
• A TN Router. 
• Context Management (CM) 
• Controller-Pilot Data Link Communications (CPDLC) 
• Automatic Dependant Surveillance-Addressed (ADS-A) 
• Flight Information Services (FIS) 

Contact Info: 
Honeywell Aerospace Electronic Systems (an ACI officer) 

jqCI 
~ 

""""""/1M 
Inlfmtk>uI 

Avionics systems supplier based in Phoenix, Arizona & Redmond, Washington, USA, 
with offices worldwide 

Contact: John Harvath 
Tel: +1-425.885.8372 
Fax: +1-425.885.8319 

Website: http://www.aci-lIc.com/ 
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ARINC 

Overview: Today, we're a $743 million, ISO 9001:2000 
certified company that's recognized as the leading 

ARINC 
provider of transportation communications and systems engineering solutions for five 
major industries: aviation, airports, defense, government, and transportation. 

Products: 
• AeroMobile 
• Air Traffic Management 
• Aircraft Systems 
• Airport Operations 
• Airport Systems Integration Services 
• Asset Management & Condition Monitoring 
• Business Aviation Solutions 
• Data Applications 
• Engineering Services 
• Homeland Defense 
• Industrial and Manufacturing Engineering 
• Integration Services 
• Intelligent Transportation Systems 
• Maritime Navigation 
• Modeling and Simulation 
• Naval Warfare Support 
• Network Engineering 
• Passenger ProceSSing System 
• Public Safety Systems and Wireless Data Networking 
• Rail Control Center Integration 
• Reliability, Maintainability, and Supportability Engineering 
• Revenue Protection 
• Satellite Services 
• Security 
• Space and Satellite Engineering 
• Test and Evaluation 
• Training 
• Voice and Data Communications 
• Weather 

Contact Info: 
2551 Riva Road 
Annapolis, MD 21401-7465 

Tel: 410-266-4000 
Tel: 301-858-4000 
Fax: 410-573-3300 
Website: http://www.arinc.com 
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Ball Aerospace and Technologies Corp 

Overview: Ball Aerospace & Technologies 
Corp's vision is to be a global leader providing 

Ball Aerospace fi~ ~ 
:/ 

& Technologies Corp. 

advanced imaging, communications, and information solutions to the government 
and commercial aerospace markets 

Products: 
• Antennas 
• Cameras / Video 
• Remote Sensing 
• Services 
• Subsystems & Components 

Contact Info: 
1600 Commerce Street 
Boulder, CO 80301 

Tel: 
Tel: 
Email: 

303-939-4000 
303-939-6100 
info@ball.com 

Website: http://www.ball.com/aerospace/batchp.html 
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Cubic Communications "CUBIC COMMUNICATIDNS 
A 1J:!_rol_CL'k Oc=~_I&_"'~"" 

Overview: Cubic Communications, 
Inc. (CCI) provides high quality Radio Frequency (RF) and Digital Signal Processing 
(DSP)-based wireless communications equipment to Government and Commercial 
customers worldwide. Headquartered in San Diego, Calif., CCI has served the 
domestic and international communications and signal intelligence markets for more 
than four decades. 

Products: 
• Antennas 
• Base station products in the air traffic control (A TM/CNS) 
• Direction-finding equipment 
• Exciters 
• Maritime communication 
• Receivers 
• Signal monitoring 
• Software definable transceiver 
• Surveillance 

Contact Info: 
Cubic Communications, Inc. 
9333 Balboa Avenue 
San Diego, CA 92123 

Tel: 
Fax: 

Website: 

(858) 277-6780 
(858) 505-1593 

http://www.cubic.com/ 
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Denro (Under Northrop Grumman) 

Overview: Advanced Systems is a major supplier of 
advanced telecommunications products for the 
Space, Electronic Warfare and Communications 
markets. 

Products: 
• C41 Switching System (C4ISS) 
• Digital Voice Recording System 
• Enhanced Terminal Voice Switch (ETVS) 

NORTHROP GRUMMAN 

• Litton Advanced Systems' Voice Communications Switching Systems 
• Radio Control Equipment (RCE) Model 2001 
• Rapid Deployment Voice Switch (RDVS) 
• Shipboard Integrated Voice Communications System (SIVCS) 
• Small Digital Voice Switch (SDVS) 

Contact Info: 
Northrop Grumman Advanced Systems 
Mail Stop A-255 
PO Box 17319 
Baltimore, MD 21203-7319 

Tel: (301) 864-5600 
Fax: (301) 454-9803 
General Information: 
Email: ES_Communications@ngc.com 

Website: 
http://www.es.northropgrumman.com/es/pages/comms/denro_products.html 
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ECI TeleSystems Ltd 

Overview: ECI Telecom (NASDAQ:ECIL) is a world leader in 
integrated network solutions. ECI Telecom provides leading edge 
digital telecommunications and data transmission systems to 
Network Service Providers around the globe. 

Products: 
• Broadband and Narrowband Access Solutions 
• Business Systems 
• Enavis Cross Connect Solutions 
• Fixed Wireless Local Loop (InnoWave) 
• Integrated Network Solutions 
• LightScape Optical Networking Solutions 
• Optical Transport 
• NGTS (Next Generation Telephony Solutions) 
• NGTS IP Solutions 

Contact Info: 
North American Headquarters (USA) 
Herndon, VA 

Tel: +1-703-456-3400 
Fax: + 1-703-456-3410 

Website: http://www.ecitele.com 
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Global Weather Dynamics Inc 

Overview: Global Weather Dynamics, Inc. has built its reputation by 
providing state-of-the-art communications and information management 
systems for the Aeronautical and Meteorological industries. GWDI offers 
a broad product line combining leading edge computer technology with 
an experienced and talented engineering and management staff. 

Products: 
• Aeronautical Information Management 
• AFTN and CIDIN Message Switches 
• ATC Integrated Information Display 
• Automated Aeronautical Information Service Systems 
• Flight Plan Management Systems 
• Meteorological Information Management 
• Meteorological Message Switches 
• Operational Meteorology Database Systems. 
• Pilot Self-Briefing 
• Publishing and Cartography 

(fj 

• PC-based aeronautical and meteorological information terminals for message 
composition, transmission and reception. 

Contact Info: 
201-B Calle Del Oaks 
Monterey, CA 93940 

Tel: 
Fax: 
Email: 

Website: 

(831) 392-0430 
(831) 392-0429 

info@gwdLcom 

http://www.gwdLcom/ 
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Harris Corporation 

Overview: Harris Corporation (NYSE: HRS) is an 
international communications equipment company focused 
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on providing product, system, and service solutions for commercial and government 
customers. The company's five operating divisions serve markets for microwave, 
broadcast, network support, secure tactical radio, and government communications 
systems. 

Products: 
• Broadcast communications 
• Government communications 
• Microwave communications 
• Network support 

Contact Info: 
1025 West NASA Boulevard 
Melbourne, Florida 

Contact: 
Tel: 

Sieighton Meyer (Sr. Manager of Marketing Comm.) 
321-727-6514 

Fax: 321-727-4500 

Website: http://www.harris.com! 

458 



10 

/ " 

L...,.. 

---;; 
~ 

----;:~ -: ~ 

L-3 Communications, ESSCO 

Overview: Electronic Space Systems Corporation (ESSCO) and 
its subsidiary, ESSCO Collins Limited (ECl), are the worlds largest ~!) 
producers of ground based radomes and antenna products for a . . 
variety of user applications, providing secure communication communications 
systems, training systems, microwave components, avionics and 
ocean systems, telemetry, instrumentation, space and wireless products. 

Key Products: 
• High Data Rate Communications 
• Space Communications & Satellite Control 
• Military Communications & Tactical Security 
• Information Security Systems 
• Satellite Communication Terminals 
• Simulation & Training Systems 

Contact Info: 
48 Old Powder Mill Rd. 
Concord, MA 01742 

Contact: 
Tel: 
Fax: 

Jeffrey S. Brown 
978-369-7200 
978-369-7641 

E-mail: Info.essco@I-3com.com or Jeffrey.Brown@I-3com.com 

Website: http://www.I-3com.com/ESSCO 
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Marconi Communications- (VHF Digital Radio) 

Overview- Marconi is a multi-regional designer, manufacturer and supplier of 
telecommunications and information technology equipment and services. Our 
network technology and services enable our customers to evolve narrowband 
networks to next-generation broadband networks. ~ . 'fI 

Key Products: . a rC0t11 
• Access Radio (AXR) &!ESSl&£& ~ &22. 

• Access WiMAX Radio (AWR) Product Family 
• DMP - Distributed Multi-service Platform 
• DTR 100 Radio 
• MOMS - Marconi Digital Multipoint System 
• Microwave Radio Antennas 
• The MD202 1/0 Cross Connect 

• TNX™210 and TNX1100 
• XMP1 cross-connect system and flexible add/drop multiplexer 

Contact: 
CEO: Mike Parton 
1000 Fore Drive 
Warrendale, PA 15086-7502 

Tel: (724) 742-4444 
Fax: (724) 742-7700 

Website: http://www.comms.marconi.com 
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Motorola 

Overview: Motorola is a global leader in 
providing integrated communications 

mi""" ~, ~<ll,\1 ~~,~l1·!$l . gil' .- W~'" "~3 ",,,,,, ' .~ '. 
~v ~ ~ ·'~~~I.trl'l1£~§t~tffi~lit~~t ,~]rJl~0~~ ~}~;~\~~~;~i¢"l:~~);c~~l;-~~~~; 
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solutions and embedded electronic solutions. Our Intelligence Everywhere ™ 
solutions include: Software-enhanced wireless telephone and messaging, two-way 
radio products and systems, as well as networking and Internet-access products, for 
consumers, network operators, and commercial, government and industrial 
customers. End-to-end systems for the delivery of interactive digital video, voice and 
high-speed data solutions for broadband operators. Embedded semiconductor 
solutions for customers in wireless communications, networking and transportation 
markets. Integrated electronic systems for automotive, Telematics, industrial, 
telecommunications, computing and portable energy systems markets. 

Key Products: 
ASTRO and ASTRO 25 Network 

• Computer Aided Dispatch (CAD) 
• Delivery of interactive digital video, voice and high-speed data solutions for 

broadband. 
• Embedded semiconductor solutions 
• Integrated electronic systems for automotive, Telematics, industrial, 

telecommunications, computing and portable energy systems markets. 
• Mobile Data Terminals 
• MOTOBRIDGE Solutions 
• Networking and Internet-access products 
• Software-enhanced wireless telephone and messaging 
• Two-way radio products and systems 

Contact Info: 
C&E Sales Office: 
2501 San Pedro NE Suite 202 
Albuquerque, NM 87110 
Tel: 1-505-875-1999 
Fax: 1-505-875-1888 

Corporate: 
1303 E. Algonquin Road 
Schaumburg, IL 60196 
Tel: 847-576-5000 
Fax: 1-512-530-5509 

Website: http://www.motorola.com! 
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NEC Corporation 

Overview: With global operations, cutting-edge technology 
in numerous fields and over 100 years of business 

NEe 
experience, NEC has emerged as a leading global Internet Solution Provider. In each 
of the three areas most important to the future of the Internet -- IT, networking and 
electron devices. 

Key Products: 
• BF200 series Switch 
• Dterm Series Terminals 
• NEAX 2000 IPS Communication system 
• NEAX 2400 Internet Protocol eXchange (IPX) 
• SB7000 series AFTN systems 
• UNIVERAGE WL series Wireless LAN 
• UNIVERGE IX1035/1036 Router 
• UNIVERGE 1X2010 Router 
• WeDial Applications 

Contact: 
NEC USA: 
101 East 52nd Street 
New York, NY 10022, USA 

Tel: 1-212-326-2400 
Fax: 1-212-326-2419 
Email: Webmaster@necus.com 

NEC America: 
6555 N. State Highway 161 

Irving, TX 75039-2402, USA 
Tel: 1-214-262-2000 

Website: http://www.nec.com/ 
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Park Air Systems 

Overview: Park Air Systems is an international 
company focused on providing integrated 

Park Ai;~;fjj~~l~i\'f'~\;' 

communication, navigation and surveillance solutions for the world's airspace. 

Key Products: 
• GAREX Voice communication control systems 
• NORMARC Instrument and satellite landing systems 
• NOVA Approach and airport surveillance systems 
• PAE Surface-to-air radio systems 
• VHF/UHF Radios 
• VHF Data Link 

Contact: 
Northfields 
Market Deeping 
Peterborough 
England 
PE68UE 

Tel: +441778345434 
Fax: +441778341286 

Northrop Grumman Mission Systems 
12011 Sunset Hills Road 
Reston, VA 20190-3285 

Website: http://www.parkairsystems.com/ 
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Rockwell Collins 

Overview: Rockwell Collins is a leader in aviation electronics and 
communications for government and commercial applications. 
Rockwell Collins is a global company providing aviation electronics 
for the world's aircraft manufacturers and more than 400 airline 
customers, as well as a major share of the world's military forces. 

Key Products: 
• Air Transport 
• Business and Regional 
• Collins Aviation Services 
• Defense Electronics-Advanced 
• EW-SIGINT 
• Geophysical Sensors 
• Head-Up Guidance Systems 
• High Frequency Messenger 
• Integrated Avionics 
• Joint Tactical Radio System (JTRS) 
• Propman 2000 
• RT-1851 (c) / BEAM 

Contact Info: 
400 Collins Road N.E. 
Cedar Rapids, IA 52498 

Tel: 319-295-1000 
email: collins@rockwellcollins.com 

Website: http://www.rockwellcollins.com/ 
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RSI Technical Products (now under TriPoint Global) 

Overview: RSI Technical Products designs, 
manufactures, integrates, installs and maintains a 

~\rJ~(/fJ i lill~~l "[~t 
global'" 

complete product line of high quality transmit and receive microwave antennas, 
antenna subsystems and/or turnkey earth station terminals for satellite 
communications, surveillance and radar applications. 

Key Products: 
• ATC/IFF Array Antennas 
• HF-CPS 
• HPA satellite communication 
• Klystron Amplifiers 
• LNA satellite communication 
• Mobile SatCom Antennas 
• Radar AntennasV 
• SSPA satellite communication 
• Synthesized Frequency Converters 
• TACAN Antennas 
• Towers and Support Structures 
• TWT Amplifiers 
• TWT A satellite communication 
• VertexRSI Controls 

Contact Info: 
Dulles, Virginia 20166 
Tel: (703) 450-5680 
Email: RSISales@TriPointGlobal.com 

Website: http://www.tripointglobal.com 
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SITA 

Overview: SITA is the world's leading provider of global 
information and telecommunications solutions to the air 

SITA 
transport industry. With over 50 years experience, it offers total service to around 740 
air transport industry members and more than 1,800 customers, supporting them 
globally in over 220 countries and territories. 

Key Products: 
• AERORESA 
• Aircraft Communications 
• Aircraft Design & Maintenance 
• Baggage Services and Handling 
• Border Management 
• E-business solutions for the aircraft lifecycle. 
• Network Solutions 
• Passenger and Travel Solutions 
• Passenger Services 

Contact Info: 
3100 Cumberland Boulevard 
Suite 200 
Atlanta, GA 30339 
Tel: 770- 850- 4500 
Fax: 770- 612- 2265 
E-mail: info.northamerica@sita.aero 

Website: http://www.sita.com 
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Telegenix Inc 

Overview: Telegenix, Inc., an Inductotherm 
Industries Company, provides systems and 

TELEBENIX 
AN INDUOTOTHEf"M C::QMIPANY 

electronic devices for the following customer needs: ComElec Switches voice and 
data traffic for air traffic control and emergency dispatch operators. Products for air 
traffic control include computerized controlled voice and data switching systems 
utilizing proprietary software, a wide variety of network interfaces, and custom audio 
and visual operator display sub-stations. 

Key Product: 
• PROCOM-1400 Series Fixed Base Communication Systems 
• PROCOM-2000 Series Digital Voice/Data Communication Switching System 

Contact Info: 
Telephone: 
Fax: 
E-mail: 

Website: 

856-424-5220 
856-424-0889 

jdpeebles@telegenix.com 

http://www.telegenix.com 
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Telephonics 

Overview: Welcome to Telephonics Corporation, a 
worldwide leader in Integrated Information and 
Communication Systems. Today, Telephonics continues 
to expand its business base by applying the technical know-how of its original 
defense communication and radar technologies to new electronic systems and 
products for a wide range of commercial and international customers. 

Key Products: 
• Aircraft Intercommunication Systems 
• Audio Products. 
• Communications Integration 
• Integrated Transit Vehicle Communications 
• Mass Transit Rail Communication Systems 
• NIMROD MRA 4 
• Secure Digital Intercommunication (SOl) 
• STARCOM 
• Digital Communications Management System (DCMS) 
• Telephonic Communication Management System 
• TRULINK 

Contact Info: 
815 Broad Hollow Road 
Farmingdale, New York, 11735 
Tel: 631- 755-7000 
Fax: 631- 755-7200 

Website: http://www.telephonics.com/ 
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AMS - Alenia Marconi Systems (ASI), Inc. ~AMS 
Overview: Alenia Marconi Systems (ASI), Inc. designs, 
manufactures, markets and installs ground based equipment to aid the in-flight 
navigation and ground movement of aircraft under all visibility conditions in various 
phases of a flight. 

Key Products: 
• Landing Aids 
• Naval Radar 
• Radio Navigation 
• Visual Aid and Lighting Equipment 

Contact Info: 
11300 West 89th Street 
Overland Park, Kansas USA 66214 

Tel: 
Toll Free: 
Fax: 

Contact: 
Tel: 
Email: 

Website: 

1-913-495-2600 
1-800-765-0861 
1-913-492-0870 

John Wharton (Vice President, Sales & Marketing) 
1-913-495-2604 

Wharton@us-amsjv.com 

http://www.airportsystem.com/ 
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ANPC - Advanced Navigation & Positioning 
Corporation ANP'C 
Overview: Advanced Navigation and Positioning Corporation, or ANPC, is an 
innovative aerospace company that designs and builds advanced precision aircraft 
navigation equipment. 

Key Products: 
• FireflyTM Transportable Transponder Landing System 
• Rhino ™ Mobile Surveillance and Guidance System 
• Transponder Landing System (TLS) 

Contact Info: 
11 3rd Street 
Hood River, OR, 97031 

Contact: Renee Botts 
Tel: (541) 386- 1747 x200 
Tel: 1 (800) 228-1857 
Email: marketing@anpc.com 

Website: http://www.anpc.com/ 
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Honeywell 

Overview: Honeywell Aerospace delivers a diverse 
range of commercial and defense and space 

Honeywell 
products, systems and services across the aerospace industry, from single-engine 
piston-powered airplanes to commercial applications to military and space vehicles 
applications. 

Key Products: 
• Aircraft landing systems 
• Auxiliary power units 
• Commercial avionics 
• Engine systems and accessories 
• Flight control systems 
• Generation systems 
• Ground proximity warning systems (EGPWS) 
• Marine propulsion and ground power systems 
• Power management 
• Propulsion engines 

Contact Info: 
101 Columbia Road 
Morristown, NJ 07962 

General Contact Information: 
Tel: (973) 455-2000 
Fax: (973) 455-4807 

Contact: 
Tel: 

Patrick Reines (Business Development Manager) 
301-948-4480 

Fax: 301-947-3683 
E-mail: Pat. reines@honewell.com 

Website: http://www.honeywell.com/dses/products/dgps 

472 



)0 

('. 
I,~ ...... 

~ .~ 

'-./ 

--:; ~ ---= "V' 

Interstate Electronics Corporation 

Overview: Interstate has led the industry in developing 
new technologies. Today, our staff of over 500 
professionals develop, build, and maintain hundreds of 
systems around the globe. 

Key Products: 
• Displays 
• Global Positioning System (GPS) solutions 
• IMU Navigation 
• Military GPS 
• Satcom 
• Strategic Weapon Systems 
• SWS and Instrumentation Systems 
• TruTrak 
• Xfactor 

Contact Info: 
602 E. Vermont Avenue 
P.O. Box 3117 
Anaheim, California 92803-3117 

Contact: Greg Martz 
Phone: (714) 758-0500 or (800) 854-6979 

Website: http://www.iechome.com 
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New Bedford Panoramex Corporation (NBP) 

Overview: New Bedford Panoramex is a California-based 
corporation established in 1966, in response to the growing need 
for specialized automation and modernization of sophisticated 
electronic systems. The company has developed a diverse range of 
capabilities in design, development, engineering, high-volume 
state-of-the-art manufacturing, technical training and support 
services. 

Key Products: 
• Dual Mode High Intensity Approach 
• Integrated Control and Monitoring System (ICMS) 
• Lighting System (ALSF-2/SSALR) 
• Medium Intensity Approach Lighting 
• Precision Approach Path Indicator System (PAPI) 
• Remote Monitoring Subsystem (MALSR RMS) 
• Replacement Lamp Monitoring System (RLMS) 
• System with Runway Alignment Indicator Lights 

Contact Info: 
1037 West 9th Street 
Upland, CA 91786 

Tel: 800-982-9806 
Fax: 909-985-0798 
Email: marketing@nbpcorp.com 

Website: http://www.nbpcorp.com/ 
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Northstar Avionics 

Overview: Its entire line of diverse 
navigational products, including marine, 
avionics, and other land-based positioning equipment, is designed, manufactured, 
and sold from this location. 

Key Products: 
• 3300 Autopilot 
• 491 Fishfinder 
• 6000i Integrated Chartplotter 
• Color GPS/Raster 
• Digitallnstruments 
• NS100 marine VHF DSC radio 
• Radar Equipment 
• SmartCraft 
• WAAS 

Contact: 
30 Sudbury Road 
Acton, MA 01720 

Tel: 
Toll Free: 
Fax: 
Email: 

978-897-6600 
1 800 628 4487 
978-897-7241 
sales@bntmarine.com 

Website: http://www.northstarcmc.com/ 
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Raytheon 

Overview: The Air Traffic Management RayllI"11 
Systems business area of Raytheon offers a range of 
automation and surveillance systems that are in use today countries around the 
world. The breadths of Raytheon's systems include Automation, Communication, 
Navigation, Surveillance, and Air Traffic Management with products supplied to both 
civil and military markets. 

Key Products: 

• Air Traffic Control Beacon Interrogator-6 (A TCBI-6) 
• ASR-11 terminal area air traffic control radar 
• Auto Trac flight data processing system 
• Canadian Automated Air Traffic System (CM TS) 
• GPS based Navigation systems 
• Local Area Augmentation System (LAAS). 
• Military Transporter 
• Missile Seeker Applications 
• Monopulse Secondary Surveillance Radar (MSSR) 
• Precision Runway Monitor (PRM) 
• Primary Surveillance Radar (PSR) 
• Raytheon Advanced Surface Movement Radar (ASMR) runway surveillance 
• Standard Terminal Automation Replacement System (STARS) 
• Terminal Doppler Weather Radar. 
• TracView air traffic management system 
• Wide Area Augmentation Systems (WMS) 

Contact Info: 
870 Winter Street 
Waltham, MA 02451 

Tel: 781-522-3000 

Contact: 
Tel: 

Bob Meyer (Business Development) 
508-490-300 

Fax: 508-490-3322 
E-mail: rmeyer@raytheon.com 

Website: http://www.raytheon.com/ 
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Southern Avionics Company 

Overview: Since 1962, Southern Avionics Company 
(SAC) has developed and installed dependable and 
durable Non-Directional Radio Beacons (NDB) in remotely 
harsh environments. 

Key Product: 
• Battery Charging Devices 
• DS Series Transmitter Locator 
• Monitor Receivers with Loop Antenna 
• PC Series Antenna Coupler with Autotuner 
• SA Series Digital Transmitters 
• SC Series Differential GPS Reference Station 

Contact Info: 
P.O. Box 5345 
Beaumont, Texas 77726 

Tel: 
Toll Free: 
Fax: 
Email: 

409- 842-1717 
1-800-280-0322 
409-842-2987 
Sales@southernavionics.com 

Website: http://www.southernavionics.com/ 
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Trimble Navigation Ltd 

Overview: Trimble is a leading innovator of 
Global Positioning System (GPS) technology. 
In addition to providing advanced GPS 

~~Trimble~ 
components, Trimble augments GPS with other positioning technologies as well as 
wireless communications and software to create complete customer solutions. 

Key Products: 
• Dual Frequency RTK GPS 
• Force 22 
• GPS Boards and Chipsets 
• Lassen Series GPS modules 
• PPS Modules 
• TA-12 Series SMSM-based Certified GPS Sensor 
• The Cargo Utility GPS Receiver (CUGRTM) 

Contact Info: 
935 Stewart Drive 
Sunnyvale, CA 94085 

Tel: 408481 8000 
Email: trimble_support@trimble.com. 

Website: http://www.trimble.com 

478 



--

c ~-
~ 

6Lt 



16 

,--' 

( \ 
J 

r-\, 
'-./ 

:~ 
-: '<;.J' 

Image Systems Corporation 

Overview: Image Systems Corporation designs, 
manufactures, and sells displays and accessory 
products. 

Products: 
• 3D Image Solutions 
• Color and Grayscale LCD flat Panel Displays 
• Custom Displays Systems 
• Display Calibration for Radiology Imagining 
• Graphic Cards 
• Grayscale CRTs 
• MAX series Image Systems 

Contact Info: 
6103 Blue Circle Drive 
Minnetonka, MN 55343 

Contact: 
Tel: 
Fax: 

Dennis Stollenwerk 
952- 935-1171 
952-935-1386 

Email: denniss@imagesystemscorp.com 

Website: http://www.imagesystemscorp.com/ 
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ITT Gilfillan 

Overview: A unit of ITT Systems Division, ~ ITT:I n d u s tri,es 
Gilfillan develops, manufactures and services .....". IiJJgi.I{',fT(Y/ (0"- HII.' 
radar systems for air traffic control and tactical air defense systems. 

Key Products: 
• C- BAND T/R (TransmitiRecieve) Module 
• Conceptual Circular Active Array 
• GCAIPAR-2000 
• MACS 
• MDR (Multimode Digital Radio) 
• MPN-14K 
• MPN-25 
• SPS-48e 
• TASR 

Contact Info: 
7821 Orion Avenue 
P.O. Box 7713 
Van Nuys, CA 

Contact: 
Tel: 

James Bunnell (Sr. Business Development Manager) 
818-908-2363 

Fax: 818-908-4727 
E-mail: james. bunnell@itt.com 

Website: http://www.ittgil.com 
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Lockheed Martin ATM 

Overview: Lockheed Martin capabilities 
include communications, navigation and 

, 0 C K H E E D M II ,4 .. 

surveillance/air traffic management; airport/terminal management; operations and 
flight services; satellite and ground weather systems; military and civilian aircraft; and 
air traffic control engineering, integration and support services. 

Key Products: 
• Active Matrix Liquid Crystal Display (AM LCD) 
• Air Traffic Management/Air Traffic Control 
• Area (En Route) Control Centers 
• SkyLineO A TM external website 
• SkyLineO ATM system 
• Terminal Automation 
• Tower Systems 
• Weather and Radar Capabilities 

Contact Info: 
Rockville, MD 

Contact: 
Tel: 
Fax: 
E-Mail: 

Business Development 
301-640-2266 
301-640-3508 
bd.fc-tss@lmco.com 

Website: www.lockheedmartin.com 
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Northrop Grumman Corporation 

Overview: Northrop Grumman is a company defined 
by one word - technology. From under the sea to 
outer space and into cyberspace, Northrop Grumman 

NORTHROP aRUMMAN 

technologies and products playa key role in the evolving defense environment of the 
21st century. 

Key Products: 
• Airspace Management 
• Combat Avionics 
• Communications 
• Defensive Systems 
• Intelligence Surveillance and Reconnaissance 
• Navigation Systems 

Contact Info: 
Mail Stop A-255 
PO Box 17319 
Baltimore, MD 21203-7319 

Contact: 
Tel: 
E-mail: 

Website: 

Steve Fisher 
703-620-8595 

stephen. fisher@ngc.com 

http://www.northropgrumman.com 
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Palomar Display Products ~Palomar 
~ ;.~ Display 

~ Products, Inc. Overview: Palomar Display Products is the 
recognized leader in the development and manufacture of commercial and military 
displays. 

Key Products: 
• A TM Monitors 
• Sunlight Readable 
• SunView 2000 

Contact Info: 
1945 Kellogg Avenue 
Carlsbad, CA 92008 

Tel: 760- 931-3200 
Toll Free: 1-800-700-1307 
Fax: 760-931-5198 

Website: http://www.palomardisplays.com/ 
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Raytheon 

Overview: The Air Traffic Management Raylbeell 
Systems business area of Raytheon offers a range of 
automation and surveillance systems that are in use today countries around the 
world. The breadths of Raytheon's systems include Automation, Communication, 
Navigation, Surveillance, and Air Traffic Management with products supplied to both 
civil and military markets. 

• Key Products: Air Traffic Control Beacon Interrogator-6 (ATCBI-6) 
• ASR-11 terminal area air traffic control radar 
• Auto Trac flight data processing system 
• Canadian Automated Air Traffic System (CAA TS) 
• GPS based Navigation systems 
• Local Area Augmentation System (LAAS). 
• Military Transporter 
• Missile Seeker Applications 
• Monopulse Secondary Surveillance Radar (MSSR) 
• Precision Runway Monitor (PRM) 
• Primary Surveillance Radar (PSR) 
• Raytheon Advanced Surface Movement Radar (ASMR) runway surveillance 
• Standard Terminal Automation Replacement System (STARS) 
• Terminal Doppler Weather Radar. 
• TracView air traffic management system 
• Wide Area Augmentation Systems (WAAS) 

Contact Info: 
870 Winter Street 
Waltham, MA 02451 

Tel: 781-522-3000 

Contact: 
Tel: 

Bob Meyer (Business Development) 
508-490-300 

Fax: 508-490-3322 
E-mail: rmeyer@raytheon.com 

Website: http://www.raytheon.com! 
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Sensis Corporation 

Overview: Sensis Corporation offers a broad array of 
sensors and information processing systems for Air 
Defense, Air Traffic Control, Airline & Airport Management 

Sensis 
CORPORATION 

and Data Distribution & Communication. The company serves a global client base 
and is actively involved in industry organizations and working groups worldwide, 
helping to address critical issues and develop innovative, real-world solutions .. 

Key Products: 
• Advanced - Surface Movement Guidance and Control System (A-SMGCS) 
• Aerobahn® 
• Airport Surface Detection Equipment Model X (ASDE-X) 
• Automatic Dependent Surveillance - Broadcast (ADS-B) Transceiver 
• Automation Interface Unit (AIU) 
• Communication Gateway (CGW) 
• Expeditionary Mission Planner and Radar Optimizer (EMPRO) 
• Multi-Scan Correlator (MSC) 
• Multi-Sensor Data Processor (MSDP) 
• Multistatic Dependent Surveillance (MDS) 
• Radar Environment Simulator (RES) 
• Signal Processor Enhancement (SPE-3000) 
• System Interface Unit (SIU) 
• Target Data Extractor (TDX) 
• VeeLo® 
• Weather Data Extractor (WDX) 

Contact Info: 
85 Collamer Crossings 
East Syracuse, NY 13057 

Contact: 
Tel: 
Fax: 
E-mail: 

Website: 

Beth Larson 
315-445-0550 
315-446-2209 

info@sensis.com 

http://www.sensis.com/ 

486 



Lap 

---. 

c::::::: ;._ 
"-..J "-

"-



aQ 

" 
\. , 

,j 

----;;~ --: ~ 

Aerospace Engineering & Research Associates 
Inc. 

Overview: Next generation air traffic control, air traffic management, 
airspace simulation and real time airline asset management systems; offer a 
complete range of aviation system/software development services and consulting 
experts; dedicated staff of scientists, engineers, and analysts specialize in real time 
aviation systems including 4D flight profiling, conflict prediction, and conflict 
resolution. 

Products: 
• AERALlB®, aviation system development tool 
• AVID 
• ATTILA 
• AWSIM 
• ATOM 
• NOTAM Bene 

Contact Info: 
4550 Forbes Boulevard 
Suite 310 
Lanham, Maryland 20706 

Tel: 301-459-7890 
Fax: 301-459-8197 
Email: aesupport@freeflight.com 

Website: http://www.freeflight.com/ 
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AIR - Advanced Integrated Recorders, Inc. 

Overview: A leading supplier of integrated recording and replay 
solutions for Air Traffic Control, Call Centers, Public Safety, 
Security, and Financial Institutions. 

Products: 
• AIR2000 
• Laser Body Scanner 
• RAI D Disk Systems 
• Rugged Servers 

Contact Info: 
121 Whittendale Drive 
Moorestown, NJ 08057 

Tel: 856-234-5020 
Fax: 856-234-5242 

Website: http://air2000.formation.com 
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Amtech Systems (renamed as TransCore) 

Overview: TransCore is recognized worldwide as the 
leader in automatic vehicle identification (A VI) systems. 

TRi\NSCoRE. 

Our AVI systems provide control and tracking of commercial ground transportation 
vehicles at major airports. 

Products: 
• Amtech® Hardware Technology eGo ™ 
• GeoSatellite 
• GlobalWave Satellite 
• Mobile Communication Devices 
• MT2000 
• XML Integration 

Contact Info: 
8158 Adams Drive 
Uberty Centre - Bldg. 200 
Hummelstown, PA 17036 

Tel: 717.561.2400 
Fax: 717.564.8439 

Website: http://www.transcore.com! 
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Aydin Industrial Solutions 

Overview: We are Aydin Industrial Solutions 
manufacturers of high quality rugged Rack 
Mount Flat Panels and CRT displays. We 
specialize in custom Industrial and Military LCD Flat Panels and Industrial CRT 
touch-screen monitors. 

Products: 
• AM LCD-based Flat Panels 
• Color CRT monitors 
• Computer Workstations 

Contact Info: 
3385 W. Hall Circle N.W. 
Duluth, GA 30096 

Tel: 770-623-9845 
Fax: 770-623-9610 
Email: sales@aydin-industrial.com 

Website: http://www.aydindisplays.com 
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BAESystems 

Overview: BAE SYSTEMS' plays a leading role 
BAsE S:YSIEM"S 

in designing and building both military and civil aircraft and systems. We are major 
partners in high-profile joint programs such as the Eurofighter Typhoon, F-22 and 
Joint Strike Fighter. Our Hawk is the world's most successful jet trainer. We are a 
world leader in mission planning systems, airborne communications and radar 
countermeasures. 

Products: 
• Air Systems 
• Airborne Sensors 
• Electro optics 
• Airborne data systems 
• Flight data recorders 
• Airborne data links 
• Countermeasures 
• UAVs/Drones 
• Processing/data highway 

Contact Info: 
1601 Research Boulevard 
Rockville, MD 20850 

Tel: 301-738-4000 
Fax: 301-738-4643 

8201 Greensboro Drive 
McLean, Virginia 22102 

Tel: 703-847-5820 
Fax: 703-847-5880 

Website: http://www.baesystems.com/ 
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Dimensions International 

fli/~J~f~~~?~ Overview: Dimensions International is an 
award-winning international information technology company specializing in 
information integration, logistics management and air space management support. 

Products: 
• Automation Collection and Editing System (ACES) 
• FAAIANG Remote Radar Interface System (FARRIS) 
• Mode-S Receiver/Logger 
• Night Vision Technology 
• Radar Analysis Display and Recording System (RADAR!) 
• TAIU - AMASS/ARTS [Terminal Automation Interface Unit] 

Contact Info: 
2800 Eisenhower Avenue 
Suite 300 
Alexandria, VA 22314 

Tel: (703) 998-0098 
Fax: 
Email: 

(703) 379-1695 
info@dimen-intl.com 

Website: http://www.dimen-intl.com/ 
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EDS - Electronic Data Systems 

Overview: Founded in 1962 as Electronic Data Systems, EDS 
is the leading global information technology (IT) services 
company. We provide the right strategies, solutions, services 
and products to help our clients succeed in the digital economy. 

Products: The company established a new European Air Transportation Centre of 
Excellence, announced two European aerospace industry client wins and released a 
new version of its aerospace industry-leading product design software -
strengthening its foothold as Europe's and the world's leading provider of information 
technology (IT) services to the airline industry. 

Contact Info: 
5400 Legacy Drive 
Plano, Texas 75024 

Tel: 
Email: 

Website: 

972-604-6000 
info@eds.com 

http://www.eds.com/ 
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Lockheed Martin ATM 

Overview: Lockheed Martin capabilities 
include communications, navigation and 

, 0 C K H • E D M It - - - ,4, 
surveillance/air traffic management; airport/terminal management; operations and 
flight services; satellite and ground weather systems; military and civilian aircraft; and 
air traffic control engineering, integration and support services. 

Key Products: 
• Active Matrix Liquid Crystal Display (AM LCD) 
• Air Traffic Management/Air Traffic Control 
• Area (En Route) Control Centers 
• SkyLineO A TM system 
• SkyLineO A TM external website 
• Terminal Automation 
• Tower Systems 
• Weather and Radar Capabilities 

Contact Info: 
Rockville, MD 
Contact: 
Telephone: 
Fax: 
E-Mail: 
Website: 

Business Development 
301-640-2266 
301-640-3508 
bd.fc-tss@lmco.com 
www.lockheedmartin.com/tss 
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Raytheon 

Overview: The Air Traffic Management RayilieM 
Systems business area of Raytheon offers a range of 
automation and surveillance systems that are in use today countries around the 
world. The breadths of Raytheon's systems include Automation, Communication, 
Navigation, Surveillance, and Air Traffic Management with products supplied to both 
civil and military markets. 

• Key Products: Air Traffic Control Beacon Interrogator-6 (ATCBI-6) 
• ASR-11 terminal area air traffic control radar 
• Auto Trac flight data processing system 
• Canadian Automated Air Traffic System (CAA TS) 
• GPS based Navigation systems 
• Local Area Augmentation System (LAAS). 
• Military Transporter 
• Missile Seeker Applications 
• Monopulse Secondary Surveillance Radar (MSSR) 
• Precision Runway Monitor (PRM) 
• Primary Surveillance Radar (PSR) 
• Raytheon Advanced Surface Movement Radar (ASMR) runway surveillance 
• Standard Terminal Automation Replacement System (STARS) 
• Terminal Doppler Weather Radar. 
• TracView air traffic management system 
• Wide Area Augmentation Systems (WAAS) 

Contact Info: 
870 Winter Street 
Waltham, MA 02451 

Tel: 781-522-3000 

Contact: 
Tel: 

Bob Meyer (Business Development) 
508-490-300 

Fax: 508-490-3322 
E-mail: rmeyer@raytheon.com 

Website: http://www.raytheon.com! 
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SITA 

Overview: SIT A is the world's leading provider of global 
information and telecommunications solutions to the air 

SITA 
transport industry. With over 50 years experience, it offers total service to around 740 
air transport industry members and more than 1,800 customers, supporting them 
globally in over 220 countries and territories. 

Key Products: 
• AERORESA 
• Aircraft Communications 
• Aircraft Design & Maintenance 
• Baggage Services and Handling 
• Border Management 
• E-business solutions for the aircraft lifecycle. 
• Network Solutions 
• Passenger and Travel Solutions 
• Passenger Services 

Contact Info: 
3100 Cumberland Boulevard 
Suite 200 
Atlanta, GA 30339 
Tel: 770- 850- 4500 
Fax: 770- 612- 2265 
E-mail: info.northamerica@sita.aero 

Website: http://www.sita.com 
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Systems Atlanta Inc 

Overview: Systems Atlanta, Inc. designs, develops, and deploys 
high availability, decision support! information display tools for the 
air traffic control environment including towers, radar approach, 
flight service, enroute, military, airlines and airport operations. 

Key Products: 
• ACE-IDS 
• IDS4 
• IDS5 

Contact Info: 
Contact: Judy Davis (Director of Business Development) 
Tel: 770-928-0240 
Fax: 770-928-9396 
E-mail: dluedke@sysatl.com 

Website: http://www.sysatl.com/ 
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Tech-Source Inc 

Overview: Tech Source, Inc. is a leading 
manufacturer of high-resolution graphics 
accelerators for UNIX platforms. 

Key Products: 
• A TC Graphics 
• EOL'd Products 
• Medical Imagining 
• Raptor 2000 Series 
• Sun PCI Graphics 

Contact Info: 
442 S. North Lake Blvd. 
Altamonte Springs, FL 32701 

Contact: 
Tel: 

Richard Bendfelt 01.P. of Sales) 
407-262-7100 

Fax: 407-339-2554 
Email: info@techsource.com 

Website: http://www.techsource.com 
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Global Weather Dynamics Inc 

Overview: Global Weather Dynamics, Inc. has built its reputation by 
providing state-of-the-art communications and information management 
systems for the Aeronautical and Meteorological industries. GWDI offers 
a broad product line combining leading edge computer technology with 
an experienced and talented engineering and management staff. 

Products: 
• Aeronautical Information Management 
• AFTN and CIDIN Message Switches 
• ATC Integrated Information Display 
• Automated Aeronautical I nformation Service Systems 
• Flight Plan Management Systems 
• Meteorological Information Management 
• Meteorological Message Switches 
• Operational Meteorology Database Systems. 
• Pilot Self-Briefing 
• Publishing and Cartography 

~ ~ 

• PC-based aeronautical and meteorological information terminals for message 
composition, transmission and reception. 

Contact Info: 
201-B Calle Del Oaks 
Monterey, CA 93940 

Tel: 
Fax: 
Email: 

Website: 

(831) 392-0430 
(831) 392-0429 

info@gwdLcom 

http://www.gwdLcom/ 
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Northrop Grumman Corporation 

Overview: Northrop Grumman is a company defined 
by one word - technology. From under the sea to 
outer space and into cyberspace, Northrop Grumman 

NORTHROP GRUMMAN 

technologies and products playa key role in the evolving defense environment of the 
21st century. 

Key Products: 
• Airspace Management 
• Combat Avionics 
• Communications 
• Defensive Systems 
• Intelligence Surveillance and Reconnaissance 
• Navigation Systems 

Contact Info: 
Mail Stop A-255 
PO Box 17319 
Baltimore, MD 21203-7319 

Contact: 
Tel: 
E-mail: 

Website: 

Steve Fisher 
703-620-8595 

stephen. fisher@ngc.com 

http://www.northropgrumman.com 
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Vaisala Oy 

Overview: Vaisala develops, manufactures and markets 
products and services for environmental and industrial 

(t) WilSAll 
measurement for national meteorological services, aviation authorities, defense 
forces, road and rail authorities, land and water resource management agencies, 
research institutes, insurance companies, public utilities and industry worldwide. 

Key Products: 
• Carbon Monoxide Instruments 
• Oewpoint Transmitter Series 
• F012P 
• Flagship Humidity Transmitter Series 
• Moisture Instruments 
• PTB200 Series 
• PTU200 
• Visibility Equipment 
• Weather Transmitter WXT51 0 
• Wind Sensors 

Contact: 
10-0 Gill Street 
Woburn, MA 01801 

Contact: 
Tel: 
Fax: 

Steve Callahan 
303-262-4067 
303-499-1767 

E-mail: steven.callahan@vaisala.com 

Website: http://www.vaisala.com 
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Annex II: Prime Contractor and Subcontractors 
Performing Work on the Study 

Prime Contractor: OORS Inc. 
211 North Union St. Suite 100 
Alexandria, VA 22314 

and 
1012 14th St. NW Suite 915 
Washington, DC 20005 

Contact: Joe Oorfler 
General Manager 
PH: 703863-1092 
FAX: 703323-8399 
e-mail: jdorfler@attglobal.net 

Sub-contractor: None 
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A IT ACHMENT 1 

Study Work Plan 

Background 

The Air Navigation Service Providers (ANSPs) in Kazakhstan, Kyrgyzstan, Tajikistan, 
Turkmenistan, and Uzbekistan sought USTDA's assistance in the development of a 
plan that will provide the guidance needed to achieve a successful transition from the 
traditional ground-based Air Navigation Services/Air Traffic Control (ANS/ATC) 
system to the new satellite-based CNS/ATM system. Their desire is to comply with 
an ICAO CNS/ATM recommendation thatevery State should have a national 
CNS/ATM implementation plan 

From a Regional perspective, the ANSPs would like to coordinate modernization and 
create regional infrastructure segments, where appropriate. Individually and 
collectively, the Central Asia ANSPs are either preparing or making procurement 
decisions and this study will help refine the requirements and specifications for such 
procurements. 

The underlying key issues are: improve safety and efficiencies, increase revenue 
opportunities, decrease operations and maintenance costs-both airspace user 
(airlines) and service providers. 

Approach 

The overall work approach will be to adhere to a logical/systematic process for 
developing realistic CNS/ATM implementation scenarios that will improve safety and 
efficiencies, increase revenue service, and decrease operations and maintenance 
costs. The specific work steps are as follows: 

1. Establish the Central Asia TeamlWorking Group(s) 

2. Determine the current CNS/ATM status for each State and the Region-both air 
navigation service providers and airspace users. Methodology includes: 

• Questionnaire 
• Site Surveys 
• Interviews 

3. Assess current/future CNS/ATM technologies and implementation trends. The 
technologies include but are not limited to: 

• Analogue-Digital Comm (e.g. Mode 2,3,4) 
• GNSS (e.g. GPS, Glonass, Galileo) 
• SBAS (e.g. WAAS, EGNOS) 
• GBAS (e.g. LAAS) 
• GRAS (e.g. Australian System) 
• Automatic Dependent Surveillance (ADS) 
• Airspace optimization (e.g. RNP, GPS procedures) 
• Compliance; International Standards, developments in other 

countriesiregions etc. 

4. Identify and outline the CNS/ATM technology options with respect to providing 
airspace services for all phases of flight. Estimate future traffic forecasts. 
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ATTACHMENT 1 

5. Determine potential environmental impacts (as appropriate) and complete an 
environmental assessment. 

6. Identify funding alternatives, opportunities, and potential financial sources. 
These include, but are limited to: 

• Self supporting/revenue generation (e.g. airline funded) 
• Grants 
• Loans 

7. Develop CNS/ATM Architecture Alternatives tailored for the Region and each 
State. 

8. Identify US Sources of Supply in accordance with USTDA requirements. 


