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EuxaplioTieg

H mapovca dwdaktopikn| dwatpipr ekmoviOnke otov Topéo Dvoung TlepiPdiiovtog
kot Metewporoyiog tov Tunuatog Gucikng tov Edvikov ka1 Koarodiotprokov [Hoavemotnpiov
Abnvov oe ovvepyaoia pe to Ivetitovto Epsuvav [epidiiovtog kor Bidoiung Avamtoéng
tov Efvikod Aoctepookomeiov AOnvav. Eivalr amotélecpo Tpooomikod aydva Tov OU®g
YOPIG TN ONUOVTIKY GLUUETOYN OVO atOpmV dgv Ba pmopovoe vo. ohokANpwbel Kol 6TOVg
omoiovg Ba NBeAa VoL EKPPAC® TNV EMKPIVY LOV EVYVOUOGTHVT).

[Ipdto amd 6Aa Bo NOela va evyopioTio® TV KOpLa emiPrémovoa, Mapia Topmpov-
TN, Avominpotpie  Koabnyntpie tov  Tugpatog @Pvowkng tov  Efvikod ko
Kamodiotprakod ITlavemomuiov AOnvav, n omoia pe TV EmMOGTNHOVIKT TG Ka.Bodnynon
OLVEPOAE OTOPAGIOTIKG GTIV OAOKANP®GT TNg Topovoag epyaciag. H vrootpiEn e oia
avTd To povio, venpEe kaboptoTikn kot ToAvTiu. OvolaeTikd TG oeeilm 600 evyapIoTd: TO
TPOTO APOPE TNV ONUOVPYIKY EMIPAEYN TG EPELVNTIKNG HOVL OpAoTNPOTNTAG EVD TO
JeVTEPO ALPOPA TN OLVATOTNTA TTOV LoV Tapeiye va ovarTuE® 0eE10TNTES TOV TYeTilovTatl ue
T EVPVTEPA TEDTOL EVOLUPEPOVTOG TNG EPEVVITIKNG OUAIAC.

‘Eva. peydho svyopiotd opeih® ot oto Ap. Xprioto [avvakdmovro, Atevbuvti
Epsuvav oto Ivetitovto Epevvav TlepiBdirovioc kor Bibowwng Avamtuéng tov EBvikov
Aoctepookoneiovn ABnvav, péELOG TG TPUEAOVS GLUPOVAEVTIKNG EMITPOMNS YL TNV
EMGTNLOVIKY] TOV KaB0dyNon aAAG Kol Yo T SLVATOTNTO TOV OV TPOGEPEPE KLPIMS KATA
O TPOTO XPOVIO TNG EPELVNTIKAG HOV OPOCTNPOTNTOC VO CUUUETAoY® o O1ebveig
EMIGTNLLOVIKES GUVAVINGELS OALG KOl G O1EOVT] EPEVVITIKA TPOYPAUUATOL.

Emiong, 6o 0eka va guyopiotion tov k. ['edpyro Kdiro Kabnynti tov Tufpotog
D®vownc tov Ebvikov kot Kamodiotprakod IMovemotnuiov AOnvav, péhog e tpiuehovg

GUUPOVAEVTIKNG EMTPOTNG YO TIC TOAD GNUAVTIKEG TAPOTNPNOELS OE CNUAVTIKA BEUaTa TG



TaPOVGAS EPELVOG.

Ba MBsha emiong vo guyaploTHio® OAo To UEAN TNG €PELVNTIKNG opadag. Tnv
ElMoodfet MrooudAn, v Ayyedwkny Ntdvtov, v Awa [Ipotovotapiov kot v EAévn
ABavacomoviov v TN Ponbsr TOvg KOTA TO TPAOTO YPOVIKL TNG EPELVNTIKNG HOL
dpPaCTNPLOTNTOS, YO TNV OUOAN EVOMOUATMOOT HOL GTNV £PELVNTIKN OMAd0 Kot TNV GPLoTh
ocuvepyasio dha avtd To xpovia Kabmg kol to dpyo Tlamayyedn, yuo ™ Ponbsw tov oe

EMGTNLLOVIKO KOl TEYVIKO EMIMESO AL KOl Yiol T Q1AL TOV.

Kovortavtivog B. Bapdtoog

Ea_ﬁ_ngm‘”“"‘”””’“’“ < EINA H mapovoa épevva éxel ovyypnporodotndei amd v Evpomaiki
m e smmmm Evoon (Evpomaiké Kowvoviké Toapegio - EKT) ko amd €0vikovg
e R — nopovg péom tov Emysipnorakod Mpoypdppoarog «Exkmaidsvon kau

Aw Biov Madnon» tov EOvikod Ztpatnywkod IMiowsiov Avagophc
(EXIIA) — Epsovnmiké Xpnpoartodorodpevo ‘Epyo: Hpaxierrog II.
Enévdvon oty kowovia Ting yvaong péom Ttov Evponmaikod
Kowovikob Tapeiov.



MepiAnyn

AVTIKEILEVO TNG TTOPOVOAG EPYACIOG Elvan 1 LEAETN TOV EMATOCE®V TNG KALOTIKNG
aAAOYNG OTN HEAAOVTIKY YNIKY 6VoTaoN TG atudseatpas mhve and v Evponn kot o
OCUYKEKPIUEVO, OTIG UEALOVTIKEG GLYKEVIPAOGELS TOV OLOVIOC KOl TOV  JEVTEPOYEVAOV
avOPYOVOV OLMPOVUEVOV GOUOTWIOV. [ 10 okomd avTtd avortdcostal Kol s@apuoleTol
OTOTIOTIKO HOVTELO DOTE Vo Topayfodv EKTYWNOELS YO TIC EMUTTOOCELS TNG KAULOTIKNG
aAloyne ota HEALOVTIKG emelcdd Tov 6lovtog katd T meptddovg 2021-2050 won 2071-
2100. Emmiéov, mpaypotomolobvTol TPOCOUOIDCE UE TO TOYKOOULO KALUOTIKO-YMUKO
ovotnua poviehomoinong GISS/GEOS-CHEM  ywoo T peAéTn TV EMATOGE®V NG
KMUOTIKAG 0AAOYNS 0ALG KoL TNG OAAOYNG TOV EKTOUTAOV OTIG LEALOVTIKEG GUYKEVIPDOGELS
oV 6LOVTOC KOl TV SEVTEPOYEVOV AVOPYAVAOV AL®POVUEVOV GOUATIOI®V Yo To £10¢ 2050 og
oxéon pe 1o 2000. Téhog, ta amoteréopato tov GISS/GEOS-CHEM yw tor pelhovtikd
enelo6010 Tov 6LoVTog VLG TNV EMOPUON TNG KAUATIKNG OAAAYNG XPTCLLOTOOVVTAL Y10, TV
aElohdyNon TOV OTOTEAEGUATOV TOV OTATIGTIKOD HOVTEAOV. EnUEldvETHl OTL TOGO T
OTOTEAEGUATO. TOV GTATIOTIKOD HoviéAov 6co kot tov GISS/GEOS-CHEM yw to pélhov
etvar v1to 10 A1B peldovtikd 6evaplo EKTOUTOV.

H vmobeon omv omoio Paciletor m avdmtuén Kot 1 €QAPUOYH TOL GTUTIGTIKOV
povtéhov otnpiletal 6To YEYOVOS OTL | GUVOMKY TTapdywyog Tov 6Lovtog e T Beprokpacio
avIOvOKAG TO GOpPOICHO TV HEPIKOV Tapaydywv Tov O0loviog pe Oeppokpaciokd
eCOPTOUEVEG QVOIKES KoL YNIKES dlepyacieg, pe v mapadoyn OTL 1 16TOPIKN UETAED TOVG
oyxéon o dwtnpel To KHPLKL YOPUKTNPIOTIKE TNG KOl GTO LEAAOV.

Mo v ovarTuén Kot TV €QApPHOY TOV GTOTICTIKOD HOVIEAOD YPNGLULOTOONKOY
tovAdylotov 10 € mapatnpioewv 6lovioc and 47 un aotikode otabuovg oty Evpodmn,

nuepnoteg péytoteg Bepuoxpaciec amd to TAeypotikd dedopéva E-OBS, kot Tpocopoidoeig



Oeppokpaociog and tpia state-of-the-art meproyikd Khatikd poviéha pe oplloviw avdivon
0.22° x 0.22°. T v 1e&vopnon Tov otabudv o€ mePLoysg OOV Ol GLYKEVIPAOGELS TOV
6lovtog mapovcstalovy OUOIOYEV XOPUKTNPIOTIKG ypnoiporoteitol 1 péEB0dog g Avaivong
Kvpiov Zuvictocdv. Amotélecpa e topamdve puedddov sival n ta&ivoéunon tov otadudv
Tov 0lovtog og 5 VIO-MEPLOYEC. LTN OCULVEXELN, OVOAVETOL 1 vEloThuevn oxéon 6lovtoc-
Oeppokpaciog m omoia emekteiverar oto péAdov Pdcet tov Oeppokpacidv oamd to Tpio
TEPLOYUCE KAMPOTUKG, LOVTEAQ, e TN fon et evOg GTOXOGTIKOD LOVTEAOD.

To amotehéopoto TOV GTATIGTIKOD HOVTEAOV dglyvouv OTL QVENGELS GTO LYNAITEPQ
eKxaTooTUOplo. TG Oepuokpaciog pmopohv va. 00MYGOLV GE CTOTIOTIKG GTUOVTIKEG
AVENGELS TOV NUEPDV U EMELCOOLN TOV OLOVTOC KUl GTLG OVO LEAALOVTIKEG TTEPLOOVS GE GYEDT)
pe to mopdv. Ot peyoddtepeg PECES AVENCELS AVAAOYMS TO TEPLOYIKO KAUOTIKO LOVTEAO
Kopaivovtal amod 5 €wg 12 emmAéov nuépeg/ypdvo yio v mepiodo 2021-2050 kot amd 16 Emg
24 emmhéov Muépec/ypoévo vy v mepiodo 2071-2100. O avénoelc avtéc Kot yo Tig 2
pehhovtikég meptodovg evtomiCovtal ot votioovatoikn Evpdnn. Ot younhdtepeg péoeg
avénoetg, vrohoyilovror otovg otabuodc mov avikovv otn Popelodvtiky Evpodmn kot
Kopavonkav amd 1-2 nuépec/étog yioo v TpdTn pelhovtiky] mepiodo kot and mepimov 2-
Anuépeg /étog yio T deVTEPN LEALOVTIKT TEPT0DO.

[Ipaypatomoteitar cvvdvacudg mpocopoidsewv pe 10 GISS/GEOS-CHEM vy va
dtepeuvnBovv ot petaPoréC OTIC GLYKEVIPMOOES TOL OLOVIOC KoL TOV Ol®POVUEVOV
COUATIOIOV TOV TPOEPYOVTAL TOGO OTd TG AALAYES 0TO KA 060 Kot omd TIG LETAPOAES TV
EKTOUTOV.

Ot TpoGOUOIDOELS dElYVOVY OTL Ol EMATOGELS TNG OAAAYNS TOL KAIUATOS TPOKOAOVY
avénon pikpodtepn amd 3 ppb 6T GLYKEVIPOGELS TOV OLOVTOC, GTN SLTIKN Kol KEVIPIKN
Evponn. Avtifeto HeidoES TPOGOUOLDVOVTOL Yot TG VIOAOUWTEG TEPLOYEG LE TN UEYLOTN

(mepimov 2.5 ppb) ot votwavatolkn Evpodmn. Ov avéhoeic amodidovioar kvpimg oTig



avénoelg tov  Poyevov ekmopumdv  (100mpévio) mov  oeesihovior oty avénon g
Oeprokpaciag, evd Ol HEUDGEIC GLUVOLOVTOL LE TNV AVENCTN TOV VOPATUOV TOV® OTo TN
Odloocoo 1 omoia teivel va peidoet ) dudpkela (ong Tov 6Lovtog, KabMS Kot TG QVENUEVES
TOYOTNTEG AVEHOL GTO WEAAOV. Mg TNV eVOOUATOON KOl TOV UEAAOVTIKOV EKTOUTAOV, Ol
peyolvtepec avénoelc epeaviovtal 6To VOTIOOVTIKA KOl VOTIONVOTOMKA TG Mecsoysiov
(mepimov 16 ppb) Ady®m g adENONG TV PlOYEVOV EKTOUTAOV GE GLVOVUGHO HE TO LYNAL
enitedo NOx 010 poviého. Mewboelg €émg kow 2 ppb o115 ovYKeEVIpOGELS Tov OLoVTOog
vroloyilovtal oty kevipikn Kot o1 Bopeta Evpdm.

‘Ocov 0popd ot PEALOVTIKEG GUYKEVIPAOGCELS TOV OLMPOVUEVOV COUATIOIOV Kot
E0IKOTEPO. TOV OEVTEPOYEVAOV avdpyaveov PM, s (Bsuid, vitpukd, oppoViokd), ol ETTTOCELS

NG KAWOTIKNG 0ALOYNG OTIG HEGEG ETNOLEG CUVOMKES GLYKEVIPAOOELS 00MYel 08 UEYIOTES

petaforéc = 1 pg/m3 (~15%) pe Tic péytoteg avENGELS Kol LELDGELS VO TPOCOLOLOVOVTAL
oTNV voTtoavatolky Kot dvtikny Evpodnn avtictoyyo. Emumiéov, and v avdivon oe kdOe
EMOYN KUl € KAOE pOuTo EEXMPLOTE TPOKVTTEL OTL GE OPIGUEVES EMOYES, OTWS O YEWUDVAG, Ol
LeTAPOAEC OTIC CLYKEVIPMOOEL, KATOIWV oToyEimv mopovoiacay e£dptnon oe Odpopeg
ATLOCPAPIKES TAPUUETPOVS KoL KVupimg ot Bpoydntmon. Avtifeta, yio dAheg ETOYES, OTMG
0 Kolokaipt, Ogv Ppébnke «dmow ONUAVIIKY TOPAUETPOS OTN  OWUOPO®MCY] TMOV
GUYKEVTIPOGEWMV.

Me v evooudtoon tov peAloviikdv ekmopundv (A1B cevdpro peimon €wg kot 70%
oV SO, kot 50% tv NOy), 01 GUVOMKEG HECES ETNGIEG GVYKEVIPAGELS TOV OEVTEPOYEVAOV
avopyaveov PM,s peudvoviolr onuavtikd ot mepocoTtepes mePoyes ¢ Hmepotikng
Evpdnne. H péyiot peimon vrohoyileton ot Popeia kevipiky Evphnn (~6.5 ug/m?) evéd n
péyot avénon ot votoavatohky Evphmn (~6.5 pg/m’). And v emuépovg avéivon oe
KGOe emoy” TOL £TOVG OOMIGTAOVETAL OTL Ol UEUDGES OTNV KEVIPIKN kol dvTikn Evpdnan

0QEIAOVTAL OTIS HELDGELS KoL TOV TPLOV AVOPYOV®Y COUATIONKOV EVOGEMY KUPIOG OU®S OE



EKEIVEG TOV VITPIKOV Kol TOV OgUKOY. ZNUOVTIKT HEIMON OTIC GUVOAKES GUYKEVIPDOGELS TOV
OEVTEPOYEVOV OVOPYOVMV OLMPOVUEVOV COUATIOIMV ETPEPEL 1] LEIMOT TOV EKTOUTOV TOL
SO, oV avatolkr Evpdonn, mapd v adEnon tov exkmopndv NOy.

Ao ™ ovYKplon HETOED TOV OMOTEAECUAT®V TOL GTATIGTIKOD HOVIEAOL Kol TMV
wpocopoidoemv tov GISS/GEOS-CHEM guoeaviovtol Tapopoleg avENcelg otov aptopd tmv
enelcodiov tov 6lovtog omn dvTiKn Kot KeVIpkny Evupdrn kot pe 1 600 mpooeyyicels.
Awpopéc vmoloyilovtonr pOVO oV avatoAkn (VOTw Kor Bopeia) kot 6T POPeloduTiky
Evponn. Ewwortepa, oto GISS/GEOS-CHEM npocopoidvovtal HEIOCES GTOV aplOpud Tomv
peAlovTik@v enelcodiov Tov 6Lovtog mapd TIc avENoelg g Oeprokpaciog TNV avVOTOMKY
Evpdonn evd pe 10 010116TIKO povtédo vroloyilovtal avENGES 6T GUYKEKPIUEVT] TEPLOYT.
2t Popeodvtikyy Evpdnn, or péyioteg avénoelg ota enelcddio. 1ov 0Lovtog vIToAOYIGTKAY
nepinov 10 émg 12 nuépec/étoc, cap®dg VYNAOTEPES AT TO. OMOTEAEGHLOTO TOV GTUTIGTIKOV

HOVTEAOV.

AgEgrg Khetdud: KAMUOTIKY 0AAQYY], OTATIGTIKO HOVTEAO, EXEIGOIN TOV OLOVTOC, MPOVEVH

COUOTION, LEALOVTIKEG EKTTOUTTES



Abstract

The scope of this thesis is to investigate the potential impact of future climate change
on ozone and secondary inorganic particulate matter concentrations in Europe. To this aim a
statistical model to examine the potential impact of increasing future temperatures due to
climate change on ozone exceedances is developed. In addition simulations with the global
chemical transport model GEOS-CHEM driven by the NASA Goddard Institute for Space
Studies general circulation model (NASA/GISS GCM) are conducted to examine the effects
from changes in climate and emissions on future ozone and secondary inorganic particulate
matter concentrations. Finally, the results of the statistical approach are examined against
those simulated by the GISS/GEOS-CHEM dynamical modelling system.

For the statistical model development various datasets are employed. These include
gridded observed daily maximum temperatures and hourly ozone observations from non
urban stations across Europe, together with daily maximum temperatures for 2021-2050 and
2071-2100 from three regional climate models, based on the Intergovernmental Panel on
Climate Change Special Reports on Emissions Scenarios A1B scenario. A rotated principal
components analysis is applied to the ozone stations yielding five principal components,
which divide the study domain in five subregions. The historical ozone-temperature
relationship is examined and then used to provide estimates of future ozone exceedance days
under current emissions and under the assumption that this relationship will retain its main
characteristics.

Results suggest that increases in the upper temperature percentiles lead to statistically
significant increases (95% statistical significance level) of the ozone exceedances for both
future periods. The greatest average increases depending on the particular regional climate

model range from 5 to 12 extra ozone days/yr for 2021-2050 and from 16 to 25 for 2071—



2100, in southeast Europe. The lowest average increases range from 0 to 2 extra ozone
days/yr for 2021-2050 and from 2 to 4 for 2071-2100 and are seen in northwest Europe.

Regarding the GISS/GEOS-CHEM dynamical modelling system a combination of
simulations are performed to isolate the effects from changes in climate and anthropogenic
emissions between the 2050s climate and 2000. As far as ozone is concerned, results indicate
that climate change impact on its own leads to an increase of less than 3 ppb in western and
central Europe whereas decreases are evident for the rest of the areas with the highest (about
2.5 ppb) in southeastern Europe. Increases are attributed to the increases of isoprene biogenic
emissions due to increasing temperatures whereas decreases are associated with the increase
of water vapor over sea which tends to decrease the lifetime of ozone as well as the increased
wind speeds in the 2050. When future emissions are implemented in the future climate
simulations, the greatest increases are seen in the southwest and southeast Mediterranean
(about 16 ppb) due to the increased isoprene biogenic emissions under higher levels of NOx
in the model. Decreases up to 2 ppb of ozone are shown central and northern Europe.

The simulations also reveal that the changes in the inorganic secondary PM,s

concentrations (sulfate, nitrate and ammonium) due to climate change are in the range of * 1
ug/m® (~15%) with the highest and lowest changes evident in the southeast and southwest
Europe respectively. In addition, the analysis reveals that the pollutants concentrations in
winter are controlled by a number of meteorological factors but are mostly sensitive to
precipitation whereas in the other seasons such as in summer no dominant meteorological
factor is identified. When future emissions are implemented in the climate simulations, the
average annual concentrations of the secondary inorganic PM, s are substantially decreased in
continental Europe due to the reductions of the SO, and NO, as described in the A1B future

emissions scenario. The highest decreases are shown for the north central Europe (~6.5

ug/m3) whereas the highest increases are shown for the south east Europe. The analysis in



every season of the year reveals that reductions in central and western Europe are primarily
attributed to the reductions of nitrates and sulfates. Significant decreases in the total
concentrations of secondary inorganic PM;s in eastern Europe are attributed to the reduction
of SO, emissions, despite the increase in NOy emissions.

Finally, the comparison between the statistical model and the GISS/GEOS-CHEM
indicates that the dynamical modelling system simulates decreases in the ozone exceedances
instead of increases in eastern Europe, higher increases in northwest Europe, whereas for the

other subregions similar results to the statistical model are obtained.

Keywords: climate change, statistical modelling, ozone exceedances, particulate matter,

future emissions
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