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The paper contains the analysis of major factors inducing climate changes at local level of airports. The atmosphere
structure and technical conditions of supersonic and subsonic aviation flights are shown to have influence on the
consequences of air pollution caused by aircrafts. The potential impacts of aviation induced pollution are studied based
on the concept of radiative forcing in relation to the major substances affecting energy balance of the atmosphere.
Impacts of typical greenhouse gases were considered as well as specific effects of their chemical transformations for
territories microclimate alterations. The conditions of contrails and cirrus clouds formation were analyzed. The cirrus
clouds together with carbon dioxide emissions were set to play noticeable role in microclimate temperature component
smoothing and induction of unpredicted weather phenomena and deviations in precipitation regime. The results of
temperature increase assessment at certain Ukrainian airports are presented.
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AHAJII3 BIIVIMBY NMOBITPSIHUX CYJAEH HA 3MIHY MIKPOKJIIMATY B 30HI AEPOIIOPTY

M. M. Pagomchka

HartionanbHwii aBiariiiHuiA YHIBEPCHTET

Byn. Kocmonasta Komaposa, 1, M. Kuis, 03058, Vkpaina. E-mail: m_radomskaya@mail.ru

[IpoananizoBaHi OCHOBHI YMHHHKH, III0 BUKJIMKAIOTh 3MiHH KJIIMaTy Ha MiclieBoMY piBHI aeporoptiB. [TokazaHo, mo
HACTIIKK 3a0pyAHEHHs aTtMocdepy MOBITPIHUMH CyTHAMH 3ajiexaTb BiJ OynoBHM aTtMocepy Ta TEeXHIYHHX YMOB
HEOOXITHUX JJIS TOJBOTIB HAA3BYKOBOI Ta MO3BYKOBOI amiarii. [loTeHmiliHI BIUIMBH Ha HABKOIMIIHE CEPEIOBUIIE,
CIpUYMHEHI aBialfi€o, JOCHIIPKYBaJCh HA OCHOBI KOHIICTIIi paaiallifHOrO BIDIMBY OCHOBHHX 3a0pyIHIOBAUiB, IO
MAalOTh 3aTHICTh BIUIMBATH HA CHEPreTHYHMI OanaHc atMocdepH. PO3risHYTO BIUIMB THIOBHX IAPHUKOBHX Tas3iB, a
TaKOX crenu(iuHi HACHiAKK IX XIMIYHUX TIEPETBOPEHb, 10 MPHU3BOAATH 0 3MiHH IapaMeTpiB MIKPOKIIMATy TEPUTOPII.
BuBueHO yMOBHM yTBOPEHHS iIHBEpCIHHMX CIIi/IiB OBITPSIHHUX CYJICH 1 MEPUCTHX XMap. BcraHoBIEeHO, 1110 IEpHCTi XMapu
pa3oM 3 BUKHAAaMH BYIJICKUCIIOIO ra3y BiJirparoTh BaXKJIHMBY POJb Y 3MEHIICHHI Iepernaay TeMIepatyp Ha TepHTOpii
aeporopTy, NPHU3BOMATH O BHHWKHEHHS HENepen0adyBaHWX TOTOAHMX SIBUII 1 BIIXWICHP B PEXKHAMI OMAJIiB.
[IpencraBieHi pe3ynbTaTH OWIHKH ITiABUIICHHS TEMIIEPATYPH VTS Py YKPATHCHKIX aepOIOPTiB.

KuaroueBsie cjioBa: 3a0pyIHEHHS MTOBITPS, a€PONOPT, MIKPOKIIIMAT, MAPHAKOBHUH KT, pamialliiHUN BILUTHB.

PROBLEM STATEMENT. Airports are considered scale impacts of aviation, especially climate change,
to be one of major stressors for the environment due to noise pollution and ozone depletion.
immense chemical and physical pollution. The sources But local effects at the area of airport are very often
of these negative impacts are found both on the ground out of research interests. Nevertheless aircraft emissions
and in the sky. Effects of ground facilities and vehicles and related physical process cause a range of negative
are understandable and relatively well studied. As for effects, among which microclimate changes at airport
the flying aircrafts typically the main environmental are studied the least, but they are of high importance.
concerns associated with them are: They are the product of all major impacts and some

— climate change specific processes.

— stratospheric  ozone reduction, leading to EXPERIMENTAL  PART ~ AND  RESULTS
increased surface UV radiation OBTAINED.

— regional pollution - changes in troposphere Atmosphere structure as a factor of pollution
chemistry for tens to hundreds of kilometers downwind consequences. During flight, aircraft engines emit
of the airport. carbon dioxide, oxides of nitrogen, oxides of sulphur,

— local pollution - both noise and decreased air water vapor, hydrocarbons and particles - the particles
quality caused by aircraft in the ground layer of consist mainly of sulphate from sulphur oxides, and
atmosphere 900 m high, that is at the territory of airport. soot. These emissions aIFer the chemical composition of

There is no doubt that both local pollution and the atmosphere in a variety of ways, both directly and
regional pollution are very serious issues. It is thought indirectly. The impact of aircraft emissions can be very
that European Directives on permitted levels aircraft different depending whether they are in the upper
emissions will limit the expansion of some airports.[1] troposphere or the lower stratosphere, and that in turn

The major concern associated with all environmental depends on aircraft type. o )
issues of airports is the lack of techniques for impact Subsonic aircraft generally cruise in an altitude
assessment and existing modeling tools are in general range of 9 - 13 km, close to the tropopause, the sharp
inadequate [2]. However, the existing research and transition between_ the tropo‘._;phe_re and_the stratosphere.
available techniques are focused on the possible larger- The troposphere is the region in which the turbulent
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motions and precipitation related to weather occur. In
contrast the stratosphere is relatively stable and the
vertical motions in it are generally sufficiently small
compared with the horizontal motions that the air travels
almost horizontally.

The height of the troposphere varies with latitude. In
the tropics the tropopause is higher than the normal
range of subsonic cruise altitudes but in the polar
regions it is usually at the lower end of this range.
Whether an aircraft cruises in the upper troposphere or
the lowermost stratosphere depends on its location, the
weather and the time of year. Supersonic aircraft
typically cruise at levels in the range 17 - 20 km, which
is always in the stratosphere.

The dominant physical and chemical processes
differ between the troposphere and stratosphere, as do
the time-scales for transporting air between regions.
Water vapor added by any human activity in the
troposphere is soon lost through mixing and
precipitation processes, whereas at 20 km it persists and
moves slowly towards the pole.

Formation of cirrus clouds. In the troposphere the
amount of water vapor emitted in aircraft exhaust is
negligible ~ compared  with  the  pre-existing
concentrations in the atmosphere. But stratosphere is
almost free of water vapors. Flying aircraft also
produces intensive particulate pollution. Due to
specificity of air circulation in the stratosphere this dust
cloud moves slowly in the horizontal plane. So, when
the moist, high temperature air from a jet engine mixes
with the ambient cold air, saturation can occur and the
moisture can condense onto particles in the atmosphere,
and in particular those present in the exhaust. The result
is a condensation trail, or contrail [3, 4].

On about 10-15% of occasions in the upper
troposphere in middle latitudes, the ambient air is
already supersaturated with respect to ice. In
supersaturated conditions contrails will persist for
hours, tend to spread and perhaps trigger further
changes in the atmosphere. Sometimes they can spread
to form or initiate a cirrus cloud, though the amount of
such cirrus clouds formed by aviation is currently
unknown. The extent of the contrail and cirrus cloud can
be striking; those detected over the Atlantic occupy
thousands of square km.

Contrails and cirrus clouds reflect some solar
radiation and therefore act to cool the surface. They also
absorb some upwelling thermal radiation, re-emitting it
both downwards, which acts to warm the surface, and
upwards. On average the latter warming effect is
thought to dominate. And on the whole effect of cirrus
cloud is in leveling the daily difference in temperature
at the airport territory.

Input of aircraft emissions in climate changes on a
global and local scale. Microclimate of airport is also
affected by other greenhouse gases emitted by aircrafts.
These gases change the absorption of solar radiation in
the atmosphere and the absorption and emission of
thermal radiation of the surface.

Some gasses are considered to be “conservative”,
meaning that they become well mixed throughout the
atmosphere so that the point of emission is irrelevant for
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its impact on climate. Carbon dioxide and methane
behave as conservative gases. However, oxides of
nitrogen, produced by high temperature burning in the
engine, are rapidly involved in chemical reactions that
lead to changes in both ozone and ambient methane.
Ozone is generally produced by oxides of nitrogen in
the troposphere and destroyed by it in the lower
stratosphere. Since the lifetime of ozone is relatively
short, its aircraft-induced increase or decrease is
restricted in both the vertical and the horizontal. The
lifetime of methane, however, is sufficiently long that
the reduction in it produced by the emitted oxides of
nitrogen  becomes  distributed throughout the
atmosphere.

But the effect of these gases is opposite and different
in scale. Thus, carbon dioxide acts to warm the surface
of the Earth globally. The aircraft-induced reduction in
the greenhouse gas methane is also well mixed and
therefore acts to give a global cooling effect.

However, ozone is also a greenhouse gas and its
impact is normally considered in terms of a global
warming effect. But its aviation-induced increases
remain quite local and impacts on climate from such
increases are therefore likely to be more important
exactly at the territory of an airport.

To estimate the relative and absolute importance of
various emissions on climate, globally averaged
measure, known as “radiative forcing” is used to
express the imbalance in solar and thermal radiation
caused by the sudden addition of any emission. This is a
useful concept because models show that the change in
globally averaged surface temperature is usually
approximately proportional to radiative forcing.
According to IPCC, in 1992 aviation was responsible
for 2% of carbon dioxide emissions due to the total
burning of fossil fuel and 13% of that associated with
transport. Since the vast majority of the flights were
subsonic and therefore in the 9 - 13 km height range, the
emissions of oxides of nitrogen led, on average, to an
increase in ozone as well as a decrease in methane.
Relative to carbon dioxide, the radiative forcing factors
were estimated to be +1.3 for ozone and -0.8 for
methane. The impacts of water vapour, and sulphate and
soot particles were given as small and positive. The total
radiative forcing was calculated to be about 2.7 times
that of the carbon dioxide alone, a factor that compares
with numbers generally in the range 1 - 1.5 for most
other activities. Consequently, aircraft were seen as
being responsible for 3.5% of the total radiative forcing
in 1992 on a global scale [4, 3].

Local microclimate as it was stated above is also
under the influence of cirrus clouds. Contrails were
given the radiative forcing factor +1.1. But this value is
a subject of extremely large uncertainty, from +0.3 to
+3.2 times the impact of the carbon dioxide [3, 4].

It should be noted that a recent comparison of the
three-day period following 11 September 2001, when all
commercial aircraft in the United States were grounded,
has shown some evidence of a 1°C to 2°C increase in
the day-night difference in temperature over the USA
[4]. This is consistent with the theoretical proposition
that aircraft contrails and related cirrus cloud act to
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lower day-time temperatures by reducing solar radiation
and raising night-time temperatures by reducing heat
loss. If the result turns out to be robust it will be the first
empirical evidence that aircraft contrails and related
cirrus cloud are indeed significant in the Earth’s
radiation balance.

The use of the global radiative forcing concept and
the opposite signs of the two oxides of nitrogen-related
impacts associated with changes in ozone and methane
doesn’t imply that the combined effect is unimportant.
The well-mixed gases lead to effects, which are almost
uniform with latitude and the methane reduction tends
to compensate the carbon dioxide increase in the
Southern Hemisphere. The radiative imbalance is
concentrated in the middle latitudes of the Northern
Hemisphere. The contrast between the two hemispheres
could have global climate importance and the region
with the stronger radiative forcing would be expected to
experience larger local climate change [2].

Results of microclimate changes assessment at
ukrainian airports. Based on the established regularities
of climate changes, presented in a range of IPCC reports
the calculation procedure of temperature fluctuations,
caused by aviation emissions [3]. The data about
volumes of transportation at the following airports were
studied: Lviv, lvano-Frankivsk, Donetsk, Simferopol
and Dnipropetrivsk.

The calculation procedure includes calculation of
total CO, emissions, produced by landing and taking off
aircrafts, depending on working parameters of their
engines. Then, the final concentration of carbon dioxide
in the air of the airport was calculated, supposing that
20-33% of the gas is blown away from the territory of
airport and the calculated air volume is limited with the
borders of airport to the height of 900 m, which is
usually treated as the boundary layer. Using the
concentration provided and radiative forcing defined for
carbon dioxide the potential temperature increase is
calculated in degrees comparing to the background
concentration of CO, at the airport.

Results for the given airports have showed, that the
temperature excess ranges from 0,8 (lvano-Frankivsk
airport) to 2,7 (Dnipropetrivsk) and 4,2 (Donetsk),
which is over mitigating ability of the atmosphere.

CONCLUSIONS. The perception of the global
warming effect problem shouldn’t be restricted to
consideration of possible changes in globally averaged
surface temperature. However, it should be noted that
such a measure of climate change is limited in its scope.
Further, the importance of regional and local changes in
climate forcing is likely to be particularly
underestimated by this global measure. Important
aspects of such climate change could be a local change
in average precipitation or the frequency and intensity
of heat waves, which is of high importance for airports.

Taking into account potential growth of air traffic in
the nearest future, the local climate effects could raise
increased concerns at scientists and airport management
due to the problems with the environment balance at the
adjoining territory and local weather fluctuations,
complicating airport operations.
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[Ipoananu3upoBaHbBl OCHOBHBIE (DaKTOPBI, KOTOPHIE BBHI3BIBAIOT HM3MEHEHWs] KIMMaTa Ha MECTHOM YpPOBHE
asporoptoB. [lokazaHo, YTO TOCHEACTBHS 3arpsA3HEHMS] aTMOC(epbl BO3IYIIHBIMH CYIaMH 3aBHCSAT OT CTPOCHHS
aTMoc(epsl W TEXHHYECKHX YCIOBHH, HEOOXOMMMBIX [UIS IIOJETOB CBEPX3BYKOBOM M JI03BYKOBOH aBHAIWH.
IloTeHnManbHBIE BIMSHMS HAa OKPYXAIOIIYIO CPEAy, BBI3BAaHHBIE aBHALMEH, MCCIENOBAaINCh Ha OCHOBE KOHLIECHMIUH
paZuanuoOHHOTO BIIMSIHUSI OCHOBHBIX 3arps3HUTENEH, KOTOpbIe 001agaroT CIOCOOHOCTHIO BIMSTH Ha SHEPreTHUECKUH
Gamanc atMocepsl. PaccMOTpeHO BIMsSHME THIMYHBIX NMAPHUKOBBIX TA30B, a TAKXKE CIENN(PHIECKAE TOCIEACTBII HX
XUMHUYECKHX MPEBpAIlEHUH, KOTOPbIE NPUBOIAT K M3MEHEHHUIO IapaMEeTPOB MHKPOKIMMATa TeppUTopuu. M3yueHsl
yCIIOBUsI 00pa30BaHUsI MHBEPCHOHHBIX CIIEJIOB BO3AYIIHBIX CY/IOB M IEPHCTHIX 00JIAKOB. Y CTAHOBIIEHO, YTO IEPHCTHIE
obraka BMECTE ¢ BBHIOPOCAMH YIJIEKHCIIOTO Ta3a WUIPAaeT BAXKHYIO POJIb B YMEHBIIEHHM Ieperana TeMIepaTypsl Ha
TEPPUTOPUU aIPONOPTA, MPHUBOAAT K BO3ZHHKHOBEHHIO HEMPENCKAa3yeMbIX INOTOAHBIX SBICHHA M OTKIOHCHHSM B
pexxnMme ocagkoB. IIpencTaBieHs! pe3yabTaThl OLIEHKH NOBBIIIEHNS TEMIIEPATYPHI IJI Psa YKPAUHCKUX a3pOIOPTOB.

KnioueBble cj0Ba: 3arps3HeHHE BO31yXa, ad’poIOPT, MUKPOKIMMAT, IMapHUKOBBIM 3(QeKT, paanannoHHOE
BIIHSTHHE.
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