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GIS-MONITORING OF THE ENVIRONMENT IN AIRPORT VICINITY
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In the paper the synthesis and comparison of the available information on GIS monitoring of environmental
factors in the vicinity of the airports is presented. The use of GIS methods for exposure modelling and
monitoring has a relatively recent history. Outside inventory and monitoring, the emphasis has mainly been
on inventory analysis and dispersion modelling, and on a range of so-called second-generation models
have been developed (eg, PolEmiCa, IsoBella, 3PRisk) to support environment protection management in
airport vecinity. Designed national models are compared with similar tools designed worldwide. The
differences between the tools’ calculated results for noise and emission are within the 10%, which are
appropriate value taking in mind the differences between the used approaches for modelling. The results
of the development can be incorporated into the operation of aviation vehicles in intelligent transport
systems.
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Introduction. Airports serve a key role in transportation of people and goods and in
regional, national, and international commerce. Airports are inherently spatial. From planning to
maintenance and security, airport managers need to know where events are taking place.
Significant growth in traffic has left many airport properties severely constrained for space.
Airport managers must carefully manage competing needs for revenue-generating facilities and
effectively readjust facilities for the ever-changing needs of their tenants. Geographical
Information System (GIS) can be integrated with property management applications, improving
accuracy and timeliness in responding to property information requests.

The needs to develop a new GIS-based airport monitoring method can be reflected from
several facts. First, previous studies on using GIS for emissions and noise estimation frequently
applied basic capabilities of GIS, such as data processing and mapping; however, recent
advances of GIS technology have rarely been found in the applications of modeling mobile (for
example, aircraft, airport ground vehicles, etc.) source emissions. Second, the growing attention
to reducing mobile source emissions requires that emissions estimation models should not only
be limited to obtaining emissions totals for the transportation conformity analysis purpose but
also need to serve for identifying effective emissions reduction measures as well as air quality
modeling. Third, GIS should play a more important role in modeling vehicular emissions not
only due to the natural spatial dependence of emissions modeling but also because the two ends
of emissions modeling (travel forecasting and air quality modeling) are often GIS based. The
enhanced requirements need emissions inventory models to further improve their accuracy and
resolution. Integrating GIS in emissions estimation could fulfill these requirements by offering
added value to present data sources, such as local vehicle population data, land uses, and detailed
travel activities.

GIS is used in environmental protection (EP) applications are generally developed
according to the specific requirements needed to meet the objectives of the airports, airlines and
flight control organizations [1]. GIS-based airport monitoring method can be defined as the
regulation of the amount, location and time of pollutant emissions to achieve some clearly
defined set of ambient air quality standards or goals. It includes the evaluation of various set of
emission control schedule to determine consequences to air quality. It also includes the
formulation of alternative emission control schedules to meet air quality goals subject to some
other constraint, e.g., technological feasibility or minimum cost. GIS-based airport monitoring
method is basically a strategy to overcome the problems of air pollution and is most effective
towards continuous improvements of air quality, particularly when targeting regional problems.

Analysis of the latest investigations. The conceptual approach of GIS not only provides
the capability of querying the spatial data but also, with its inbuilt analytical tools, translates the
existing spatial patterns into measurable objectives. GIS facilitates the integration of various
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field-specific applications into its interface and allows integrated ways to conduct research and
develop new analytical approaches to relate their information to the terrestrial activities. These
abilities (providing fully functional data processing environment) distinguish GIS from other
information systems as it results in enhancing the applications with productive findings that are
broadened and deepened in a geographic location.

Commercial airlines, airports and air traffic control regulators use GIS for airspace
planning and routing applications as well as for facilities management applications. Recent
enhancements to three-dimensional GIS allow more advanced airspace modelling applications to
be combined with geographic information from local communities such as parcels, land use,
building heights, new construction, and modified terrain around the airport. Management of
airport properties was the most popular application, but management of infrastructure, noise
programs and storm water programs also received very strong support.

The quality of environment is a very important factor in projecting or representing the
status of environment and health of any region. Local air quality (LAQ), electro-magnetic fields
(EMF), third party risk (TPR) and noise studies that analyze the quality of environment provide
strategic information to the decision making process and play a significant role in the
implementation of the policies that influence the environmental quality of a region around the
airport in particular [2]. Most of the environmental quality models, in their pollutant and noise
levels distribution simulations, consider their physical characteristics such as wind direction,
speed, temperature etc., in determining the moving sources of air pollution and noise trajectory.
Integrating these models with GIS presents a geographic dimension to the environmental quality
information by relating the actual pollution concentrations, noise or/and EMF levels, TPR to the
human life in that location. With its numerous analyst tools, GIS can demonstrate the
relationship of poor quality of the environment and occurrences of deficient human and
environmental health. GIS can portray the spatial correspondence between the environmental
quality and the disease (mortality) statistics in the area that is potentially impacted. Examining
the relationships between high factor impact across various demographic thematic layers helps in
identifying hotspots that are in need of special investigation or monitoring. Having this
information makes it easier for planning and implementation groups to expedite projects in
accordance with ICAO priorities.

Formulating the task. A growth of an airport can be controlled by setting up flight
safety, operational, economic and environmental limits (Fig. 1) [3]. In addition to the increasing
traffic demand, new constraints on the traffic flows have been imposed and limited the capacity
and efficiency of air transportation. In many cases, the responsibilities imposed on airport
operators and EP responders continue to rise, while access to, and timeliness of critical
information remains as it always has been. GIS has been traditionally used to support planning,
infrastructure development and management activities, for example associated with EP
functions. In particular environmental protection consists of prevention, preparation, response,
mitigation, and recovery and at airports it usually involves different agencies.

Main purpose of GIS «Airport-EP», which is under the development currently, is to
protect public health, safety, and welfare by ensuring the orderly expansion of airports and the
adoption of land use measures that minimize the public’s exposure to excessive noise, air
pollution, EMF and safety hazards within areas around public airports to the extent that these
areas are not already devoted to incompatible uses [1, 2]. For this purpose complex tool ALFA —
Airport Local Factors Assessment, including PolEmiCa (LAQ), IsoBella (Noise), EMISource
(EMF) and 3PRisk (Third Party Risk), was designed to calculate any possible operational
scenario in airport under consideration. Specific module ModIST quantifies the technical and
economic interactions between mitigation measures for the considered factors and fuel burn
(plus greenhouse gases — GHQG, if necessary). It assesses the simultaneous multi-factor impacts
reductions on local environment as well as for selected metrics of GHG (e.g., the global warming
potentials) with further economical evaluations. In addition, ModIST includes an optimization
approach that allows the search for least-cost combination of mitigation measures for all the
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environmental factors and FB/GHG that meet user-specified constraints (policy targets) for each
possible of the environmental endpoints. The optimisation capability of ModIST is applied in
MaxEnt and enables the development of multi-factor and multi-effect impact control strategies.
MaxEnt tool is currently under development for all environmental factors and it was validated
for operational scenarios at the busiest Ukraine’s airports with and shown increase of noise
airport capacity up to 10% and 15% for day and night time accordingly; and the implementation
of NAPs — 20-25%. Thereby, ModIST can identify mitigation strategies that achieve related
targets simultaneously at least cost.
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Figure 1 — Airport capacity concept

A combination of air pollution and noise measurements and stochastic for pollution (and
TPR) and deterministic for noise (and EMF) modelling procedures is usually used to assess long
term average exposure to traffic related environmental factors and described in detail elsewhere.
GIS data on population density and traffic intensity specified for certain buffer zones were used
in regression models to predict annual average air pollution concentrations and noise levels at the
monitoring sites. As a rule the regression models explain 56-85% of the variability of the annual
average concentrations depending on study area and specific pollutants.

GIS «Airport-EP» must provide: to promote compatibility between the airport and
surrounding uses; to establish land use measures, restrictions and standards to be adopted by
local jurisdictions; to «rely» upon the guidance provided in the ICAO Airport Land Use Planning
Manual; to establish the planning boundary (i.e., airport influence area) only after hearing and
consultation with the involved agencies (Ministry of Health Protection, Ministry of Environment
Protection, State Emergency Service of Ukraine, etc.); be based upon an adopted Airport Master
Plan (AMP) or Airport Layout Plan (ALP); to have a time horizon of at least 20 years.

Main results. GIS organizes geographic data so that a person reading a map can select
data necessary for a specific project or task. A thematic map has a table of contents that allows
the reader to add layers of information to a basemap of real-world locations. For EP purpose it is
mostly important to organize the data for Airport Influence Area (AIA), which usually
encompasses the geographic extent of, at least, six types of compatibility concerns: Overflight —
Locations where aircraft overflights can be intrusive and annoying to many people; Airspace
Protection —Places where height and certain other land use characteristics, particularly uses that
attract birds, need to be restricted in order to protect the airspace required for operation of
aircraft to and from the airport; Noise — Locations exposed to potentially disruptive levels of
aircraft noise; LAQ — Locations exposed to potentially disruptive concentrations of air pollution;
EMF — Locations exposed to potentially disruptive levels of electro-magnetic fields; Safety —
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Areas where the risk of an aircraft accident poses heightened safety concerns for people and
property on the ground — their individual risks (TPR) to be damaged.

Main data for impact factors inside and outside the airports are the results of calculation
modeling with usage of calculation tools designed for these purposes (tab. 1).

Table 1 — Calculation tools for the factor in module ALFA

Factor Tool Description Input Output
LAQ PolEmica Emission inventory Aircraft fleet/ Emissions inventory
calculator (both for flight schedule; results;
certification LTO or real | airport and flight concentration fields:
LTO, defined by routes layout; maximum instantaneous
performance model); non- aircraft concentrations, short time
dispersion calculation sources; (20 min) and long time
(Euler approach) for meteorology; (daily) means, for each
airport-related pollutant topography pollutant
sources
Noise | IsoBella Noise level indices at Airport and flight | Noise level indices at
specific points and/or routes layout; specific points and/or
noise contours aircraft flight noise contours
calculation for airport schedule; ANP
flight scenarios database
EMF EMISource EMF intension at specific | Airport layout with | EMF intension at specific
points and/or its contours | navigation points and/or its contours
calculation for airport facilities; flight
layout navigation
facilities database
Safety | 3PRisk Individual risk at specific | Airport and flight | Individual risk at specific
points and/or risk routes layout; points and/or risk
contours (10, 107, 10" | aircraft flight contours (10, 107, 10)
%) calculation for airport | schedule; accident
flight scenarios rates data for
groups/types of
aircraft

The main performances of the calculation modeling tools are described as following.

PolEmiCa. PolEmiCa is a combined emissions/dispersion model for assessing pollution
at civilian airports and heliports due to the methods [4-6]. This model produces an emission
inventory of airport sources and calculates concentrations produced by these sources at specified
receptors. The system stores emission factors for fixed sources such as fuel storage tanks and
incinerators and also for mobile sources such as automobiles or aircraft. PolIEmiCa incorporates
an emissions model to calculate an emission inventory for each airport source and a dispersion
model to calculate pollutant concentrations produced by these sources at specified receptors.
PolEmiCa is appropriate for the following applications: cumulative effect of changes in aircraft
operations, point source and mobile source emissions at airports; simple terrain; transport
distances less than 30 kilometres; and, 20-minutes and 1-hour to annual averaging times.

Main purpose of the PolEmiCa is to calculate the inventory and dispersion parameters of
the aircraft engine emission during the landing-takeoff cycle of the aircraft in airport area [4-6].
Emissions Inventory for any airport is calculated by PolEmiCa for the following emission
sources: aircraft during landing-take off (LTO) cycle; start-up procedures; ground support
equipment (GSE); aircraft and ground power units (APU/GPU); power plants; fuel farms. Fuel
flow and EI values are used for relative thrust (percentage of rated thrust) of the engine at
character power settings due to [CAO LTO definition [4-6].

Aircraft engine EI for CO, HC and NOy are defined from ICAO emission databank. EI
for SOy is equal to 0,005 in accordance with [5]. EI for PM is defined for appropriate values of
SN by simple algorithm from ICAO Doc 9889 [4]. The emissions for the single LTO cycle
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(single flight case — aircraft at departure or at arrival) are then a summa of the individual stages
of the cycle. Start-up emissions calculation for the starting sequence there is only HC emissions
required for consideration (article 6.53 in Doc 9889 [4]).

GSE, APU and GPU emissions inventory are doing in PolEmiCa for CO, HC and NOx in
accordance with ICAO Doc 9889 [4]. Computation for stationary sources is executed in
accordance with [8] for the power plant emissions and [9] for fuel farm emissions. Road Vehicle
Traffic is realized in PolEmiCa in accordance with National rules [10]. Total inventory results
for additional sources are shown in tab. 2 below. PolEmiCa tool demonstrated good accordance
of emission inventory for all emission sources with other LAQ models (tools), which were
exeminated at CAEP/8 and CAEP/9 [7], tab. 3.

Table 2 — Summary of airport emission source groups (in kilograms)

Substance Gate Sources Roc;z:;lcg’f;nd Sg,::i‘;’;z:y Grand Total Aircraft
CO 20634,7 55911,5 5846 3111592 228767,0
HC 7539,1 245556 491,4 74373,1 41786,9
NOx 39926,8 12088,7 8012,9 3937726 3337443
SOx 0 747,3 82555 124011,6 115008,8
PM10 2379,1 25,6 68,3 4998.8 2525,9
PM2.5 0 0 1377,4 1377,4 0
Fuel 8462435 1758710,9 N/A 25606674,4 23001720

Table 3 — Comparison between the airport emission inventory results defined by ICAO
calculation tools (aircraft only, in kilograms)

Substance Calculation tools
LASPORT EDMS ALAQS ADMS PEGAS PolEmiCa
CcO 232685 256163 208850 300359 302395 228767
HC 50529 91541 54575 35789 51815 41787
NOx 307083 238866 301880 279453 309382 333744
SOx 19514 27058 20729 16351 96103 115009
PM10 1928 2827 1961 4243 2340 2529
Fuel 24394000 19895750 20783565 20438419 19220622 23001720

PolEmiCa calculates the concentration fields in airport area taking into account intensity
of flights of airplanes of different types, a loading factor of different taxiways and runways, and
there are a lot of other operational circumstances [1]. Usual practice for the FSU countries that
the air pollution must be calculated, first of all, for the stationary sources using the methods of
OND-86 and just these data must be taken into account in procedures of zoning around the
polluters, in that number around the airports. For this reason the stationary sources in PolEmiCa
are calculated by algorithm of the OND-86. For the purposes of evaluation and comparison
between the ICAO calculation tools the 20-minutes averaging data (results of OND-86)
transformed to 1-hour averaging data. PolEmiCa dispersion modelling results are compared with
results of other verified by CAEP tools (fig. 2). Maximum concentrations for CAEPort scenario
were calculated inside the airport area at locations of stands and of runway end [7].

IsoBella. IsoBella model has been designed in NAU for calculation of noise levels at
specific points and/or noise contours (few types of level indices are calculated) for airport flight
scenarios under consideration [1,3,11]. The noise model is usually consists of two components,
the noise engine and an aircraft database. Traffic is broken down into aircraft types or categories
with different noise and performance characteristics which have to be stored in the aircraft
database. The noise engine is the core processor that models the physical processes of sound
emission and propagation. The Aircraft Noise and Performance (ANP) database includes 10 data
tables. The contents of the tables are fully described in [11]. ANP database of version 2.0 is
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prepared for distribution, it includes bigger list of aircraft types and improved data for engine
thrust coefficients. Analyzing trends including the 2006 and 2026 scenarios for airport under
consideration the model may predict that the 65dB(A) contour will double its area (consistent
with the doubling of the number of movements), fig. 3.
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Figure 2 — Comparison between the airport dispersion results defined by ICAO calculation tools for
CAEPort scenario: a) IsoBella; b) EDMS; c) ADMS; d) LASPORT
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Figure 3 — Contours for aircraft noise outside the airport for 2006 and 2026 flight scenarios

3PRisk. For the population living in the vicinity of an airport the involuntary exposure to
the risk of aircraft accidents exists and requires for its control. A method to assess third party risk
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around airports has been developed and recommended by CAEP for usage in grounding of
Public Safety Zones around specific runways or airports as a whole [12]. A policy for Public
Safety Zones (PSZ) is under development (in UK, The Netherlands, Germany, USA, Ukraine) to
replace land use restrictions that have been in place for a number of years.

Methods for estimating crash risk contours could be used to define a better shape for the
PSZs than at present, as the PSZ could then be the area inside a particular crash risk contour
representing the desired proportion of crashes. This would enable the PSZ area to be defined
more ‘efficiently’ than at present, as it would then correspond to the minimum area needed to
contain the required proportion of crashes. The fig. 4 provide the result of the calculations with
3PRisk model. It should be noted that the contour areas are relatively small and any difference
will thus be «exaggerated» when considering them via %.

Figure 4 — IR contours for 10*, 107, 10, 107 from 3PRisk for 2026 scenario

Conclusion. All the models model are still under the development, PolEmiCa is
following currently in two important directions: improving of jet/wake transportation modelling
by CFD codes and verification of the modelling results with measurement’s data in various
airports of the world, which were done with various techniques. The optimisation can be used to
search for cost-minimal balances of controls of all the factors under consideration over the
various scenarios in aviation sector that simultaneously achieve user-specified targets for human
health impacts, ecosystems protection, etc. Thus in addressing the problem of decision making
process in possible airport scenarios ModIST allows to assess ability of effective using
operational procedures,to forecast schedule and aircraft fleet for installed capacity, and to rank
environmental problems in the airport vicinity.
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3anopo:xkens O.1. ['TC-MOHITOPUHI" YTHHUKIB JOBKUIJIA B OKOJIMILI AEPOIIOPTY

YV cmammi euxonano yszacanohenns ma nopieHauHs HasigHux eioomocmei wooo ['IC mouimopuney
YUHHUKIE 006K 6 oOKoauyi aeponopmy. Axyenm 3pobneHutl Ha IHEEHMAPU3AYILHOMY AHAI3I
[ MOOem0BanHi po3CIO8AHHS, MAKOJC OVIU po3pobieHi psd, maK 36aHux, Mooeiel Opy2020 NOKOJIHHS
(nanpuxnao, PolEmiCa, Isobella, 3PRisk) onsi niompumku ynpaeuinus 3a0pyOHeHHIM NOGIMPS, ULYMOM,
besnexor. Pospobneni nayioHanvHi MOOeNi NOPIGHIOIOMbC 3 AHANOIYHUMU 3ACO0AMU  PO3PAXYHKY,
Ppo3pobaeHumu y ceimi. BiOmMinHOCIMI MIdIC pe3yibmamamu po3paxyHKie 3acobamu OYiHKU Wymy ma emicii
3Haxooamecs 6 meocax 10 %, wo € npuiinamuum 3HavenHsM, bepyyu 00 yeazu GiOMIHHOCMI MidC
3aCMOCo8y8aHuMu nioxooamu 0 mooentosanns. Ha cvoeooniwnii denv yi modeni docums epekmueHo
BUKOpUCMOBYIOMbCsl 6 yinax oyinku enaugy ua I'IC-niamgopmax, uacmkogo uepe3 ix 6uUCOKY GUMOZY
CMOCOBHO OAHUX, 0COOIUBO NPOCMOPOsUX. Pezyiomamu cmammi Modcyms 6ymu 6nposaddiceni y npoyeci
excnyamayii agiampancnopmuux 3acodié 6 yMmosax peanizayii iHMmereKmyaibHux CUCMeM YNPAGLiHHSL
MPAHCNOPMOM.

Kmiouosi crnosa: aeponopm, I'lC, monimopune, utym, besnexa, skicmos nogimpsi, eleKmpoMacHImHi NoJs.

3anopoxen A.M. TUC-MOHUTOPHUHI' ®AKTOPOB OKPY XAIOIIEI CPEJIbI B OKPECTHOCTH
AEPOIIOPTA

B cmamuve evinonneno obobujenue u cpastenue umeiowuxcs ceedenuti no I'UC monumopunea ¢paxmopos
OKpydICcaroujeli cpedvl 8 OKPeCmHOCHU a’dponopma. AKyeHm 6 OCHO8HOM Obll HA UHEEHMAPUZAYUOHHOM
amanuse u MoOeIUPOBAHUL PACCEsHUS, MAaK’ce Obll paspaboman psod, max HA3bI8AeMbIX, MOOeaell BMopo20
nokonenusi (nanpumep, PolEmiCa, Isobella, 3PRisk) 0ns noodepoicku ynpasieHus 3a2pszHenuem 6030yxa,
wymom, 6e30nacHocmvio 6 OKpecmuocmu asponopma. Paspabomanuvie HAYUOHATbHbIE MOOEIU
CPAGHUBAIOMCS C AHALOSUYHBIMU CPEOCMBAMU pPAcuema, paspabomannviMu 6 mupe. Paznuuus mesicoy
PE3VALMAmMamy. pacuemos cpeocmeam OYeHKU wyma u smuccuu Haxoosmcs 8 npederax 10%, umo
npedcmasnsiem npuemiemMoe 3HAueHue, NPUHUMASL 60 GHUMAHUE PAZIUYUS MeXNCOY NPUMEHAEMbIMU
nooxodamu 0ns modenuposanusi. Ha ceeoonwswnuil Oenv smu moodenu 00Cmamouro 3¢phexmusHo
UCnoL3ylomes: 6 yensax oyewku 6osoeticmeus na [HC-nnamgpopmax, uacmuyno u3-3a ux 6vlCOKOU
mpebosaHue OMHOCUMENbHO OGHHBIX, OCOOEHHO NPOCMPAHCMEeHHbIX. Pesyivmamol cmamou mozym Gvims
BHEOPEHbl 6 Npoyecce IKCNIYAMAYUU B030YUWHBIX CPeOCME 6 YCI0GUAX Peanu3ayuu UHMELIeKMY albHbIX
cucmem Ynpaenenust mpaHcnopmom.

Knouosvie cnosa: asponopm, [THC, monumopune, wiym, 6e30nacHOCMb, KA4eCcmso 6030yxd,
INEKMPOMASHUMHbLE NOJIA.
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