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OAHIEZ YNMOBOAHZ TEAIKH2Z EKOEZHZ NMPOOAQY / FINAL REPORT SUBMISSION
GUIDELINES

H TeAikl 'EkOgon uttoBAAAETAI O€ NAEKTPOVIKI KOl EVTUTIN pHop@r (o€ dUo deuéva avtiypaga),
TO APYyOTEPO BUO PrVEG PETA TNV nuepopnvia Anéng Tou ‘Epyou. H TeAikr 'ExkBeon trepiAauBavel
TPia pépn:

The Final Report is submitted in electronic and print format (in_two bound copies), within two
months of the Project's completion date, at the latest. The Final Report comprises of the
following three parts:

MEPOZ A / PART A - TeAiki 'ExkBeon MNpoddou / Final Progress Report

A1. Tevika Z1oixeia 'Epyou / General Project Information

A.2. MNMepiAnyn / Abstract

A.3. TeAiki 'EkBeon YAotroinong ‘Epyou / Final Project Implementation Report

A.4. Nivakag Asopwv Epyaciag / Work Packages Table

MEPOZ B / PART B — lNapapTtipara / Annexes
B.1. MNapdptnua B1 - Napadotéa Tou 'Epyou / Annex B1 — Project Deliverables

B.2. MNapdptnua B2 - AAAeg MNMAnpogopieg / Annex B2 - Other Information

MEPOZ I' /| PART C - TeAikl 'EkBeon Oikovouikwyv lMempayuévwy / Final Financial
Report

H TeAikl 'EkOeon Oikovopikwyv Metrpaypévwy utroBdaAAeTal o€ EEXwWPIoTO €1561KS EVIUTTO
mmou gival Si1aBéoiyo oTov 1IoTOXWPOo TOou ISpUuparog Mpowbnong 'Epeguvag oe popen
apxeiou Excel.

The Final Financial Report is submitted in a separate form in excel format available on
the Research Promotion Foundation’s website.
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Zroixeia Emikoivwviag ZuvrovioTh ‘Epyou / Project Coordinator’s Contact Information
AiguBuvon Apyxietiokotrou Kutrpiavou 31, Aepeadg, 3036
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TnAépwva 25002548

Telephone No.

TnAgopoiéTUTrO 25002661

Fax No.

HAekTpoviké Taxudpopeio d.hadjimitsis@cut.ac.cy
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A.2. MEPIAHWH (uéxp1 500 Aé€eig oe kaBe yAwooa) | ABSTRACT (up to 500 words in each

language)

20vToun TTEPIypa®n TnG Tropeiag uhotroinong Tou ‘Epyou. Na diveTal TOoO oTa EAANVIKA 000 Kal oTa ayyAIKdA.
Short description of Project implementation. Should be provided both in Greek and English.

Air pollution is one of the most important issues concerning not only the scientific community but
also the public services since the quality of atmosphere greatly affects the quality of life. This
project has as main objective the development and the implementation of an algorithm for the
estimation of ground-based concentrations of Particulate Matter — PM and indicative of
atmospheric pollution using satellite remote sensing techniques. Aerosol Optical Thickness- AOT
from MODIS sensor (Terra/Aqua) and sun-photometer measurements of AOT and concentrations
of PM in conjunction with meteorological data (RH) as well as data of the Planetary Boundary
Layer after the processing of lidar signals on daily basis gave more precise results. The
researcher of HO collected the data in daily basis and after the procedure using the appropriate
software, the data classify for the derivation of algorithm. The creation of this database comprises
the basic elements in order to develop the algorithm for measuring the ground-based air pollution
using only satellite data and this has not happened again in Cyprus. The knowledge of air
pollution using remote sensing data will help greatly to protect the population and especially the
vulnerable groups in case of high air pollution levels according to the laws of the European Union.
The results of this research program are extremely encouraging. The remote sensing data can
yield largely terrestrial data of aerosols by using ancillary meteorological data for each study area.
The combined use of sun-photometer and PM impactors as well as the satellite data for the four
main cities of Cyprus, gave a clear results that satellite data could be used in the future for
monitoring ground PM concentrations. The initial measurements for Limassol and Nicosia were
satisfactory. Limassol comprise the main study area and the volume of data in accordance with
the number of instruments used can give greater punctuality, while the vertical structure of the
atmosphere could provide information about the source of pollutants. Therefore a large amount of
measurements have been made for the main study area and the area of Nicosia in different
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weather conditions which allows better classification in various possible cases. These
measurements will be continued for the rest of the project in order to confirm the results and to
improve data accuracy.

Another result of the project was the PM characterization under different meteorological
conditions for Nicosia and Limassol and a more detailed study of Limassol area using remote
sensing data from the sun-photometer CIMEL (AERONET). Using michrophysical and optical
properties of aerosols we categorize the type of aerosols and thus we better retrieved the
algorithm combined the satellite derived AOT and the ground-based measurements of PM. Finally
the statistical and chemical model developed and validated under the AIRSPACE project using
the PM data retrieved from Harvard impactors and CUT’s PM Dust tracks shows very promising
results for the aerosol forecasting over Cyprus. The proposed methodology of the integrating use
of satellite and in situ observations of the aerosols was applied successfully for the Limassol site
and validated at the supportive sites of Larnaka and Nicosia.

H aTtpoo@aipikr) putravon atroTeAei Eva atrd Ta onUavTIKOTEPa BEPaTa TTou atracXoAouv Ox1 HOvo
TNV €MOTAPOVIKA KOIVOTNTA, aAAG Kal TIG dNUOCIEG UTTNPECIEG WIS Kal N TToIOTNTA TOU aépa TTou
QVATIVEOUNE €TTNPEACEI O€ PeyAAo BaBud Tnv ToidTnTa (WNAS Twv avBpwTwy. To £€pyo aAuTd €xEl
w¢ Bagikd aTdXo TNV avAaTITUEN Kal TNV EQapuoyn €vog aAyopiBuou yia TNV EKTINNGN TwV ETTIVEIWV
OUYKEVTPWOEWY alwpolpevwy  ocwuatidiwv  PM  (Particulate Matter) evdelkTikwv  Tng
ATMOO@AIPIKNAG pUTTaVonNG Me Tn PonBeia Texvikwv Aopu@opikis TnAemokoémnong (Remote
Sensing) ammd Toug dopuPopikous aloBntApeg Terra/Aqua MODIS pe KaBnuepivég eTTiveleg
petpnoelig tou OmmikoU Tlayoug AepoAupdtwy (Aerosol Optical Thickness-AOT) kai Twv
ouyKevTpwoewv PM og cuvduaopo pe peTewpoloyikd dedopéva OXeTIKNG uypacias (Relative
Humidity — RH), kaBw¢ kai dedopéva Tou Uwoug Tou MAavnTtikou OpiakoU ZTpwuatog (Planetary
Boundary Layer - PBL) a6 1a dedopéva Twv onudrtwy lidar TTou kataypda@ovTal Kal avaAuovTal
oe kaBnuepivrp Baon. H ouAhoyr Twv mmapamavw Oedopévwv yIvoTav KaBnuepiva amd Tov
epeuvnt) Tou A® Kal PETA aTmd KOTAAANAN etregepyacia pe TN Porbeia Twv AOYIOUIKWY,
katatdooovTal yia Tnv e€aywyn Tou aAyopiBuou AOT-PM. H dnuioupyia piag Baong dedouévwv
amd TIG TEXVIKEG TNAETTIOKOTINONG TTOU XPNOIMOTIoINBnkav odfynocav oTtnv avdamTuén kair Tnv
eQapuoyrn evog aAyopiBuou, o otroiog divel T duvaTOTNTA  UTTOAOYIOWOU TNG OCWHATOJIAKKG
puTTavong HeE TN XPAON METPNOEwWV OTITIKOU BABOUC Twv aePOAUNATWY yia TNV TTEPIOXA TNG
KOtmpou. H yvwon TnG ocwpaTodIoKAG pUTTAVONG MECW TNG TNAETTIOKOTINONG Ba CUUPBAAEl o€
MeyaGAo BaBud oTn TpooTacia Tou TTANBUCHOU Kal KUPIWG Twv eUTTaBWY OPAdwyY CGE TTEPITITWOEIG
TTOU Ta €TTiTTeda EeTrePvoUV TIG ETTITPETTOMEVEG TIMEG BAon Twv vopoBeoiwv TNG EupwTrdikig
‘Evwong.

Ta ammoTeAéoPaTa TOU €£pEUVNTIKOU TTPOYPAUMATOG gival €€QIPETIKA evOappuvTIKA. Ta dedouéva

TNAETTIOKOTINONG PTTOPOUV va aTTOdWOOoUV OE HEYAAO BaBud Ta etiyela 0edouéva owuaTiOIOKAG
puTTavong a@oU CUUTTEPIANGOBOUV KAl TO CUPTTANPWHATIKA HETEWPOAOYIKA Oedopéva TNG UTTO

5




MEAETN KABe @opd TrepioxnG. H emmiyela xprion Twv NAIOKWY QWTOUETPWY O oUvOUAOoHO HE Ta
opyava PETPNONG CUYKEVTPWONG TWV AIWPOUNEVWY CWHATIBIWY Kal Ta dopupopikd dedopéva yia
TIG TEoOEPIG TTOAEIG TNG KUTTpou, £dwoav £éva EeKABapo atToTEAEGUA O€ TTOIEG TTEPIOXEG UTTOPEI va
yivel xpAon Twv d0pUPOPIKWY BeBOPEVWV YIa TNV €€aywyr] TWV ETTIVEIWY TUYKEVTPWOEWY TWV
alwpoluevwy cwpaTidiwy. ‘ETol o1 HETPACEIS ATAV IKAVOTTOINTIKES YIa TNV TTEPIOXNA TNG AEUKWaOiag
Kal TNG AepeooU pe dedopévo OTI N Aepeadg atroTeAei Tn BaaikA TTEPIOXA MEAETNG KAl O OYKOG TWV
0edouévwv KaBwg Kal Ta dpyava PETPCEWV TTOU XPNOIKMOTIOIOUVTAl ITTOPOUV VA TTPOCdWO0oUV
MEYOAUTEPN XPOVIKA akpifeia KaBwg Kal TNV KATakOpu@n Oour TG ATNOC@AIpAS N OTToia PE TN
oelpd TNG MTTOPEI va dLOEI OTOIXEID YIa TNV TTEPIOXT TTPOEAEUCNG TWV PUTTWYV. ETTOpéVWG peydAog
OYKOG METPNOEWV TTpayHaToTToINBnKav yia TNV KOpIa TTeEpIoxX MEAETNG KABWCS Kal yia TNV TTEPIOXNA
NG NAE€UKWaIag o€ OIAPOPETIKEC HETEWPOAOYIKEG GUVONKES KATI TTOU ETMITPETTEI TNV KAAUTEPN
Kataragn Twv Ola@opwyv TOavov TepImTwoewy. O1 PETPROEIG auTéG Ba ouvexioToUv Kal Tov
ETTOUEVO XPOVO TTPOKEIUEVOU VA Yivel ETIRERAIWON TwV PEXPI TWPA ATTOTEAEGUATWYV KOl va augnBei

n akpiBeia Twv dedopévwy.

‘Eva emTpdoBeTO OTTOTEAETUA TOU €pyou eival n KaAUTepn kaTtdragn Paon Twv OIAQOPETIKWV
METEWPOAOYIKWY CUVONKWY yia TN Acukwaoia kal TN AgPeTd, Kal Pia TTI0 AETTTOPEPNG MEAETN yia
TNV TTEPIOXH TNG AEPECOU HE TN XPNON TWV OEQOPEVWY TNAETTIOKOTTNONG ATTO TO NAIOKO QUWTOUETPO
CIMEL (AERONET), 6mou pe 1n Ponbeia Twv OedOPEVWV TWV MIKPOPUOIKWY KAl OTITIKWV
I01I0TATWY TWV AEPOAUPATWY Ba eival €QIKTA N KAAUTEPN KATAVOMN TOUG KOl KATA CUVETTEIQ N
eCaywyn evog akpifr] ahyopibuou tmou Ba cuvdéel To dopuopikd eCayouevo AOT Kal Ta eTTivela
oedopéva PM. T€Aog, n avdmtuén kai n afiloAdynon Tou OTATIOTIKOU Kal XNUIKOU JOVTEAOU yia TNV
EKTIUNON TWV OUYKEVTPWOEWV TwWV agpOoAUUdTwy oTtnv KUTTpo, TTou éyivav PE TV XpRon Twv
METPAOEWV TTOU TTPAYMATOTTOINBNKAV atrd Toug OElYUATOANTITEG KATAOKEUNG Tou Harvard kaBwg
eTTiong kai pe Ta 6pyava Dust track Tou TEIMNAK, trapoucidlouv TTOAU €ATTIOOQOPA aTTOTEAECUATA
OXETIKA PE TNV TTPORAEWN TWV CUYKEVTPWOEWV TwV agpoAupdtwy atnv Kotrpo. H trpoteivopevn
peBodoAoyia TNG CUVOUAGTIKAG XPNONG Twv OOPUQPOPIKWY Kal EMMTOTIIWV HETPACEWV TwV
QEPOAUNATWY €QPAPUOOTNKE ME ETTITUXIA yIa TNV TTEPIOX TNG Aguecou Kal afloAoynbnke yia TIg
TTEPIOXEC TNGS AAPVOKAG Kal TNG AEUKwWOiag.




A.3. PROJECT IMPLEMENTATION (up to 1500 words per WP)

Work Package Title WP1: Project Management

Partner Code HO PA1 PA2 PA3 PA4
Personmonths per Partner 1,8 1 0,1 0,5 0,2
(according to the Contract)

Personmonths Worked per Partner 1,8 1 0,1 0,5 0,2

Work Package Objectives (as described in Annex | of the Contract)

Briefly describe the objectives of this Work Package.

WP1 is committed to the co-ordination of all activities that related the management of the project.
Indeed, such activities include the following: (a) project progress, (b) technical aspects
management, (c) the establishment of communication between the project partners and with the
Research Promotion Foundation (RPF), (d) the quality assessment of research results and
project reports or deliverables, (e) and the preparation of all related legal documents, contracts
and project’s activity reports.

Work Description

Describe the Project Management activities, any problems that were encountered in managing the Network and how
these were resolved.

The project coordinator, Assoc. Prof. Diofantos Hadjimitsis was leading the activities of the MC.
The HO delivered the supervision of all project works and activities, clarification of needs, the
publicity of all exported information and the implementation of research works. The HO was
responsible for the technical and scientific overview of the project as a whole. Continuous
communication between the consortium partner institutions have been an important factor in the
project success. Robust and productive communication established through all the stages the
projects. Three meetings where all project partners have been participated for detailed project
review and evaluation, as well as preview and planning of project activities. These meetings
included the kick-off meeting at the beginning of the project, a meeting halfway through the
project and a project closing meeting. All the activities included in this WP given in the follow,
have been delivered successfully.

1. Supervision of the project works

2. Requirements and priorities definition of the project.

3. Information and publicity.

4. Coordination of the level of project implementation

5. Writing of operation report within the project period.

Deliverables

Describe the Deliverables emerging from this Work Package. All Progress Reports (Six month, Interim and Final
Progress Reports) submitted to RPF during project implementation should be included as Deliverables of Work
Package 1.

D1: 6 month progress report delivered to RPF in order to be informed for the first 6 months of the
project.

D2: 12 month progress report delivered to RPF in order to be informed for the first year of the
project.
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D3: 18 month progress report delivered to RPF in order to be informed for the 18 progress of the
project.

D1, D2 and D3 include all Foundation’s remarks of the reports and all potential checks that have
been held.

D4: The present report is the Final progress report of the project (24 months) to be delivered to
RPF. It also include :

1. The correspondence hard-copy or in electronic forms that applies to the project management
during all its phases.

2. The project management document, including all appropriate tables and timetables for the
the project implementation.

3. Agenda and minutes for the 3 meetings held (at the beginning, halfway through, closing).




Work Package Title WP2: Dissemination and Exploitation of Results
Partner Code HO PA1 PA2 PA3 PA4
Personmonths per Partner 1,2 1,2 0 0,5 0,2

(according to the Contract)

Person months Worked per Partner 1,2 1,2 0 0,5 0,2

Work Package Objectives (as described in Annex | of the Contract)

Briefly describe the objectives of this Work Package.

The aim of the project’s bunch was the editing of an informative issue regarding the diffusion and
exploitation activities of the research’s results. In this phase all the actions are aiming at
informing all the involved factors in Cyprus are included, as well as the whole scientific society in
national and international level, concerning the program, its aims, its progress and its results.

Work Description — Degree of Work Package Objectives Implementation

Describe the implementation of activities regarding dissemination and exploitation of results (quantitative information
should be provided where applicable), the PA responsible for each activity, any problems that were encountered and
how they were resolved, as well as any deviations from the initial objectives.

From the beginning of the project, the Dissemination and Exploitation Committee (DEC) have
been formed. The DEC was responsible for the Quality Control and Quality Assurance of the
project. The DEC had included one member from each participating organization with long
publishing record in international journals and conferences. The main activities of this WP (which
is lead by HO) consist of the activities of the DEC which are:

1. Meetings of the working teams.

2. Editing material which would describe the program and its results.

3. Submission for publication of project results at 2 international journals (e.g. Atmospheric
Research Journal, International Journal of Remote Sensing, Remote Sensing of Environment,
EGU, etc).

4. Presentation of project results at 3 International Conferences (e.g. SPIE, ISPRS, Air Quality —
Science and Application International Conference, EGU, etc). HO will present project results to
one International Conference (2 publications/2persons), PA1 (1 publication/1person) and PA4 (1
publication/1person).

5. Organisation of a workshop at national level for promoting the project results.

6. Development of a simple/static website for the presentation of project results.

7. Development of a simple brochure / leaflet in order to present the results of the project.

All the dissemination activities have been delivered without any problem.

MapadoTéa
Deliverables

Describe the Deliverables emerging from Work Package 2 including publications in peer-reviewed journals,
organisation of local info days for the dissemination of Project results, participation in conferences abroad, patent
applications, etc.

D5: Presentation of project results to the SPIE International conference at Prague on September
2011 from HO/ Presentation of project results to the SPIE International conference at Prague on
September 2011 from HO. Additionally, HO present the project results to the IGAC 2012
conference at China, Beijing and to the ACTRIS General meeting at Lecce ltaly, on September
2013.

D6: Presentation of project results to EGU General Assembly 2012 International Conference by
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PA1

D7: Presentation of project results to 3rd International Conference by PA4 (e.g. SPIE, ISPRS, Air
Quality — Science and Application International Conference, EGU, CEST, etc). The participation
at an international conference of the PA4 partner was not feasible during the 2 years period of
the project. Thus, the PA4 partners’ studies were presented by HO scientific team at the SPIE
2011 conference.

D8: Publication of project results at Journal of Applied Remote Sensing.

D9: Submission for publication of project results at chapter in book named as: Remote Sensing
for Environmental Surveillance.

D10: Workshop at national level for promoting project results. The Workshop has been halted at
the Crowne plaza Limassol Hotel on 28 January 2013.

D11: Simple website presents the results of the project (http://blogs.cut.ac.cy/airspace/).

D12: Brochure / leaflet for the presentation of the results of the project (is given at the ANNEX
B2).

The D5-D12 are given at the ANNEX B2 of the report
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Note: For the description of each additional Work Package the following Table template
should be used.

Work Package Title WP3: Synergistic use of MODIS, Lidar and sun-
photometer data for PM retrievals over Cyprus

Partner Code HO PA1 PA2 PA3 PA4

Person months per Partner 14 2 7,9 2 4,6

(according to the Contact)

Personmonths Worked per Partner 14 2 7,9 2 4,6

Work Package Objectives (as described in Annex | of the Contract)

Briefly describe the objectives of this Work Package.

1 Compile climatology for aerosol related parameters derived from MODIS sensors for the
period 2002-2010.

[J Optimise the PM — MODIS AOT statistical models by incorporating vertical AOT Lidar
profiles, sun-photometer column integrated AOT and relative humidity measurements.

[1 Establish prediction of PM values from MODIS AOT data.

Work Description - Degree of Work Package Objectives Implementation

Describe the activities implemented in the frame of this Work Package (quantitative information should be provided
where applicable), the PA responsible for each activity, any problems that were encountered and how they were
resolved, as well as any deviations from the initial objectives.

In the framework of the WP3, the Level 2, 10x10km?, MODO04 aerosol product (Terra satellite,
Collection 051) was retrieved for the period 2001-2011 from NASA's Level 1 and Atmosphere
Archive and Distribution System (LAADS). The AOD fields were extracted from the
‘Optical_Depth_Land_And_Ocean’ parameter which provides the AOD at 550nm derived via the
dark-target algorithms and with best quality data. It should be pointed out though that although
the initial work plan presented in WP3, the use of parameters related to aerosol size (i.e.
Angstrom Exponent) was foreseen, no such climatology was included in the analysis since
according to recent findings the Angstrom Exponent does not exhibit significant correlation with
ground truth and thus, should not be used for any geophysical application (data usage
ftp:/lladsweb.nascom.nasa.gov/allData/5/MOD04 L2/README). The climatology study was
conducted by the Project Parther No2 (National Observatory of Athens). The ten years
climatology from MODIS data is given in the D13, at the ANNEX AS.

The second task of the WP3 was the development of a statistical model for the estimation of the
PM concentration from AOT measurements using several atmospheric parameters. The first
attempt, made use of the satellite AOT measurements from MODIS sensors. As mentioned at
the interior progress report, the available MODIS AOT observations for the two years time period
of the project (2010-2011) was limited compared to the ground based respective measurements
performed by the CUT-TEPAK AERONET sunphotometer. Thus, finally the statistical model
have been developed using the AERONET AOT data. A sensitivity study for the differences of
the use of the ground based instead the satellite observations have been performed as well, in
order to give the uncertainty of the model. The development of the model has been done by the
HO team. The description of the statistical model is given in the Deliverable D14 at the ANNEX
B2.

Methodology and Results
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Describe in detail the methodology used and the results achieved in this Work Package.
Aerosol Climatology

In the present work, the Level 2, 10x10km? MODO04 aerosol product (Collection 051) were
retrieved for the years 2001 to 2011 from NASA's Level 1 and Atmosphere Archive and
Distribution ~ System (LAADS). The AOD fields were extracted from the
'Optical_Depth_Land_And_Ocean' parameter which provides the AOD at 550nm derived via the
dark-target algorithms and with best quality data (Remer et al. 2005). According to Remer et al.
(2009), the AOD fields for this product have been respectively validated to within the error
bounds of (0.04 + 0.05*A0D) and % (0.05+0.15*A0D) at 550nm.

Based on the above AOD data, subsets for the area of Cyprus were extracted and mean
monthly climatology maps were constructed for the period 2001-2011. For the area considered,
the number of days with valid TERRA AOD measurements ranged approximately from 1000 to
2300 (which amount to 25%-57% time coverage) as shown in Figure 1. The highest nhumber of
valid measurements was observed over the central area of Cyprus (in the vicinity of Troodos
Mountain) whereas near the coastline, this number decreased.
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Figure 1: Number of valid TERAA AOD observations for the period 2001-2011

The maps for each month are presented in Figure 2. The seasonal cycle of the aerosol load is
well depicted. Minima are observed during winter months and maxima during spring and
summer when intense phenomena associated with dust transport from Sahara desert are
encountered. Additionally, the respective monthly average values for the three urban sites of
Nicosia, Larnaca, and Limassol (marked respectively as LE, LA and LM on the maps) and the
background site of Ag. Marina, (marked as AM) have been calculated. In general, the
background site is characterised by much lower aerosol loads throughout the year (ranging from
0.1 to 0.28) whereas the load for the urban sites is significant higher. Limassol (the main port city
of the island) presents the highest values for the period January-May and Nicosia (the capital
city) from June to December. For this latter period, Larnaca presents intermediate values. The
two distinct maxima associated with dust transport phenomena are observed for all sites in May
and August. The value for the first peak in May is approximately the same for all urban sites
(~0.40) but for August, the AOD levels for Nicosia are higher (~0.45) compared to the other two
urban sites (~0.35 for Larnaca and Limassol).
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TERRA MODIS AOT (550 nm)

Figure 2: Monthly climatology maps for the area of Cyprus for the period 2001-2011. (LE, LA,
LM, and AM mark the sites of Nicosia, Larnaca, Limassol and Ag. Marina)

The AOT climatology from the 10 years satellite observations of the MODIS sensors is
presented at the D13 given at the ANNEX B2.




Aerosol Statistical Model

Based on the aerosol related dataset collected within the AIRSPACE project, a statistical model
was performed for the estimation of the PM concentrations from AOT measurements. Using a
general linear regression model, the ability of the AOT retrieved by the MODIS was used to
predict ground-level PM4, concentrations in Limassol, Cyprus.

The proposed model by Yang L. et al. (2006) was defined as:

Ln(PMo) = BO + B1 (logAOT)+B2(logAng) +B3(WVdep)+ B4 In(T)+ B5 In(RH) + B6 In(WS) + .... +
B7(P)+ + B7(PBL)

Where Bi are the regression coefficients, T is the surface temperature, Wd the wind direction, Ws
is the wind speed, PBL is the Planetary boundary layer height, AOT is the aerosol optical
thickness and P is the pressure at surface level.

The available data set in AIRSPACE project are given in Table 2 :

Table 1: AIRSPACE dataset used for the statistical model

Aerosol Optical Depth CIMEL
Angstrom Exponent CIMEL
Total Column Water Vapour CIMEL
PM 10 Dust Track TSI
PBL height LIDAR
Meteorologiacal Data METAR-LRCA
(Akrotiri Air Base, Cyprus)

Based on the proposed methodology, the performance of the multi-regression model was
examined by introducing one predictor (Xi) at the time, together with the initial predictor the
AOT at 500nm (Xi i=0). For each predictor Xi the following options (j) were considered in order
to increase the sensitivity of the model linked Xi :

# option Type of parameter involved

1 Ln(Xi)

2 Xi

3 Deparcures from mean
value of Xi

4 Ratio of mean value of Xi

For the above options (j=1 to 4), the one with the highest correlation coefficient (CCij) between
predicted and measured PM;o was selected. In each iteration step k, the maximum values of the
CCij = CCik were compared in order to select the predictor Xik with the highest positive impact.
Due to the limited dataset, no evident seasonal dependence was found.

The results of the above sensitivity analysis are presented below. In Figure 3 the correlation
coefficient between the predicted and measured PMy, is presented for 8 different models. It was
observed that the maximum performance (CC=0.85) of the model was established when taking
into account the following predictors (in strength order)
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Table 2: Best correlation coefficients and regression coefficients derived

CC=0.853 CC=0.850
Bi Bi
Constant Term -4.11730E+00 -4.11142E+00
Ln(aod) 9.51612E-01 9.39917E-01
Ln(Angstrom) 2.98925E-01 2.99999E-01
Wavapour-mean(Wavapour) -3.92571E-01 -3.83879E-01
Ln(Temp) 6.35723E-01 6.25974E-01
Humidity 7.90999E-03 8.31437E-03
Ln(Wind) -9.66157E-02 -7.10540E-02
WindDir -4.41082E-04
f1=log(aod)

f2=f1+log(Angstrom)
f3

f4=f3+log(Temp)

f,=f +Humidity

f =f5+log(Wind)

f=f.+WindDir

=f2+Wava pour-mean(Wavapour)

6
76
f =f7+Presure

8
f9=f8+log(PBL)

Function & Predictors

0.7 0.8 0.9 1
Correcation Coefficient
(PM10 - Predicted PM10)

Figure 3: Correlation coefficient between the predicted and measured PM,, is presented for 8 different
models.

The results of the above sensitivity analysis indicate the maximum performance of the model of
the order of CC=0.85 for the following formula:

Ln(PM, )
=-4.11+0.939(1ogAOT)+0.299(log Ang)-0.384(WVdep)+0.626In(T)+0.0083RH-0.071In(Ws)
Finally, using formula 6 as the best model and the coefficients derived and shown in table 1 the

correlation between the model prediction and the measured PM4y concentrations are given in
Figure 4.
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Figure 4: Comparison between predicted and measured PM, at Limassol (Red line : linear fit )

Moreover, the extended description of the methodology and the development of the statistical
model for the estimation of the PM levels from the AOT measurements is given at the D14 at the
ANNEX B2.

Deliverables

Describe the Deliverables emerging from this Work Package.

D13: Climatology maps for aerosol related parameters retrieved from MODIS sensors covering
the period 2002-2010. The report is given in the ANNEX B2

D14: Report on the methodology for PM retrievals over Cyprus from statistical models using
MODIS AQOT, Lidar data and RH measurements. The report is given in the ANNEX B2

16




Work Package Title WP4:Ground measurements of AOT
Partner Code HO PA1 PA2 PA3 PA4
Personmonths per Partner 13 1.3 2 3,5 1
(according to the Contact)

Personmonths Worked per Partner 13 1.3 2 3,5 1

Work Package Objectives (as described in Annex | of the Contract)

The objectives of this WP are the following:

During the satellite overpass the following will be measured for an urban and industrial area in
Limassol:

[J To measure the AOT from the CIMEL sun-photometer and the Microtops Il hand-heldsun
photometers and create long-term database.

[1 To measure the PM1o & PM2s using air pollution sampler

[J To define the vertical distribution of aerosols using Lidar measurements and create long-
termdatabase.

[1 To measure the spectral signatures of several pseudo-invariant targets in order to calibrate the
retrieved AOT values from the implementation of an atmospheric correction algorithm.

Briefly describe the objectives of this Work Package.

e Ground based measurements of the AOT from the CIMEL sun-photometer and the Microtops
Il hand-held sun photometers for the creation of a long-term database. In situ ground based
PM measurements using air pollution samplers.

e Lidar measurements for the determination of the vertical aerosol structure over Limassol
Cyprus.

¢ In situ spectroradiometer measurements for the calibration of the retrieved AOT values.

Work Description - Degree of Work Package Objectives Implementation

Describe the activities implemented in the frame of this Work Package (quantitative information should be provided
where applicable), the PA responsible for each activity, any problems that were encountered and how they were
resolved, as well as any deviations from the initial objectives.

For the purposes of the project, Limassol was selected as the main ground based site for the
development and the application of the AIRSPACE methodology. The main instrumentation used
for the aerosol observation in a daily base was a backscatter-depolarization LIDAR system for
the study of the vertical aerosol distribution as well as the sunphotometer for the columnar
aerosol information, both located at the premises of CUT, in Limassol, Cyprus (34.675°N,
33.043°E, 10m above sea level) since 2010. The LIDAR records daily measurements between
08:00 UTC and 09:00 UTC (consistent with the MODIS overpass) and to perform continuous
measurements for the retrieval of the aerosol optical properties such as depolarization ratio and
backscatter coefficient over Limassol, inside the PBL and the lower free troposphere.
Additionally, the AERONET sunphotometer provides daily aerosol information including AOT and
size distribution. The used within AIRSPACE project instrumentation is given in the follow.

CIMEL Sunphotometer

The sunphotometer observations used in this study were performed by a CIMEL sun-sky
radiometer, which is part of the AERONET Global Network (http://aeronet.gsfc.nasa.gov). The
CIMEL sunphotometer allows for measurements of direct solar irradiance and sky radiance at 8
wavelengths; 340, 380, 440, 500, 670, 870, 1020 and 1640 nm. The technical specifications of
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the instrument are given in detail by Holben et al. (1998).

The instrument is located on the roof of the building of the Department of Civil Engineering and
Geomatics of Cyprus University of Technology (CUT) (34.675°N, 33.043°E elevation: 10 m). The
CUT_TEPAK AERONET station is located in the center of Limassol, 500m away from the sea.
The sunphotometric station has been in operation since April 2010. Figure 5 features the CUT-
TEPAK AERONET Cimel sun-photometer.

Figure 5: CUT-TEPAK AERONET station

CUT LIDAR System

For the vertical distribution of aerosols, the LIDAR system located at CUT, in Limassol, Cyprus
(34.675°N, 33.043°E, 10m above sea level) was used. The LIDAR records daily measurements
between 08:00 UTC and 09:00 UTC (consistent with MODIS overpass) and provides continuous
measurements for the retrieval of the aerosol optical properties over Limassol, Cyprus inside the
Planetary Boundary Layer (PBL) and the lower free troposphere, thus providing information for
the load, the size and the sphericity of the aerosols.

The LIDAR transmits laser pulses at 532 and 1064 nm simultaneously and collinear with a
repetition rate of 20 Hz. This system is based on a small, rugged, flashlamp-pumped Nd-YAG
laser with pulse energies around 25 and 56 mJ at 1064 and 532 nm, respectively. An achromatic
beam expander reduces the divergence to less than 0.15 mrad. Elastically backscatter signals at
two wavelengths (532nm, 1064nm) are collected with a Newtonian telescope with primary mirror
diameter of 200 mm and an overall focal length of 1000 mm. The field of view (FOV) of the
telescope is 2 mrad. The mirror and cover plate coatings are optimized for the wavelength range
from 532 nm to 1064 nm. A plain cover plate protects the mirrors. Behind the field stop two
plano-convex with a focal length of 80 mm output parallel rays. The LIDAR covers the whole
range starting at the full overlap of the LIDAR (~300 m) up to tropopause level. Three channels
are detected, one for the wavelength 1064 nm and two for 532 nm. The two polarization
components at 532nm are separated in the receiver by means of polarizing beamsplitter cubes
(PBC). A special optomechanical design allows the manual x45°-rotation of the whole
depolarization detector module with respect to the laser polarization for evaluating the
depolarization calibration constant of the system. The CUT depolarization LIDAR operates at
532nm and it is possible to rotate the detection box including the polarization beam-splitter cube
in order to calibrate the instrument (Freudenthaler et al., 2009). Firstly, the backscattered LIDAR
signals (P and S) were recorded using the normal orientation of the LIDAR detection box. For
the next two steps, the LIDAR detection box is rotated by +45° and the P and S signals are
recorded. The operation principal of this method is based on the fact that same amount of
energy is sent to P and S channels, at “opposite” directions (Freudenthaler et al., 2009).
Photomultiplier tubes (PMTs) are used as detectors at all wavelengths except for the signals at
1064 nm (avalanche photodiode, APD). A transient recorder that combines a powerful A/D
converter (12 bit at 20 MHz) with a 250 MHz fast photon counting system (Licel, Berlin) is used
for the detection of 532 nm radiation, while only analog detection is used at 1064nm. The raw
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signal spatial resolution is 7.5 meters. The CUT LIDAR system is featured in Figure 2.

Figure 2: CUT’s Depolarization Lidar System

MICROTOPS Sunphotometer

For the study sites where CIMEL’s data were not available, such as Nicosia, Larnaca and
Paphos, a handheld MICROTOPS Il sunphotometer was used to retrieve AOT measurements.
The MICROTOPS Il sun-photometer is equipped with five accurately aligned optical collimators
and internal baffles to eliminate internal reflections. It provides AOT and water vapor retrievals at
five channels, which are determined using the Bouguer-Lambert-Beer law. In order to achieve
measurements with great accuracy, the sunphotometer was mounted on a tripod at the same
location each time. To avoid cloud contamination, measurements were taken during cloud-free
daylight hours. Figure 3 shows the MICROTOPS Il handheld sunphotometer used.

Figure 3: MICROTOPS Il handheld sunphotometer

Surface Monitoring
PM10 concentration monitoring

For the surface monitoring of the particulate matter (PM) concentrations, DustTrak (TSI, Model
8533) (Chan et al., 2002) was used at all selected sites. The DustTrak was selected to provide
weekly monitoring of PM10 concentrations during morning hours from 08:00 to 13:00 UTC and
records the PM temporal variability within a satisfactory time resolution. The instrument is
located, on the roof of the Cyprus International Institute (CIl) in Limassol, at 10 m above ground
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level in order to avoid the measurements being affected by localized pollution such as passing
cars. DustTrak's nominal flow rate is 1.7 I/min and is obtained by an internal pump integral to the
sampler. The monitor is factory calibrated for the respirable fraction of standard 1ISO12103-1, A1
test dust (Arizona Test Dust), which is representative of a wide variety of aerosols. The
instrument measures concentrations in the range of 0.001— 100 mg/m3, with a resolution of
0.1% of the reading or 0.001 mg/m3. Before each measurement, the instrument is zeroed and its
flow rate is checked. PM10 concentrations have been recorded continuously since March 2011.
Additionally, PM10 concentrations were also recorded by DustTrak (TSI, Model 8520) at Nicosia,
Larnaca and Paphos. One TSI DustTrack has been operated by Frederick University since July
2011 and is located at the top of the Frederick University library building in Nicosia, at 10 m
above ground level while the second DustTrack has been operated by CUT’s scientific Team
during 15-day campaigns at Larnaca and Paphos. All sampling points were selected to ensure
exposure to wind and to be free of other obstacles. Figure 6 features the TSI Dust track used for
monitoring of the PM at 10m above ground level. The device was programmed to begin PM10
recordings every morning at 08:00am UTC for a 5-hour period, to coincide with the satellite
MODIS Terra and Aqua overpass (06:00-11:00 UTC), except at weekends.

Figure 6: TSI DUST-Track

PM10 sampling and elemental composition determinations

Under the AIRSPACE project, the Harvard School of Public Health (HSPH) and Cyprus
International Institute for Environmental and Public Health (Cll) were responsible for providing
comprehensive and reliable data on the air pollution throughout Cyprus based on ground level
measurements.

Air pollution near ground level measurement sites were established in the four cities of Cyprus:
Nicosia, Larnaca, Limassol and Paphos. These sites were located at positions thought to be
representative of air pollution in each city. In Nicosia, the site is located on the roof of the
Frederick University library building, on the same site where the DustTrak and sunphotometer
were operated. The Larnaca site is located in the center of the city, on the roof of the tax agency
building. The Limassol site is located on the roof of the Cll building in the center of the city and
Paphos site is on the roof of the economics department of Paphos Municipality. In Figure 7 the
setup of the Harvard samplers is presented.

The sampling commended on 12 January 2012 and ended on 12 January 2013. Samples were
collected every six days, on 24-hr basis from 10:00 am to 10:00 am next day, at all sites except
Limassol, where the sample collection was done every three days, since Limassol was the main
location of the project. Samples were collected for PM2.5, PM10, EC-OC (elemental & organic
carbon) and Nitrates using the Harvard Impactors. For quality assurance and control, collocated
and blank samples were collected for each sample at the Limassol site, according to schedule.
Standard Operating Procedure (SOP) was followed for each measurement at each site. Filters
were collected and send to HSPH for chemical analysis. The measuring parameters include: fine
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particles (PM2.5): mass, reflectance, nitrate, trace elements and EC-OC; and inhalable particle
(PM10) mass, reflectance and trace elements. Chemical analysis included methods such as
Thermal Optical Reflectance (TOR) to measure elemental and organic particle concentration,
gravimetric mass determination and X-Ray fluorescence to determine trace elemental
composition of PM2.5 and PM10. Samples up to 19 June 2012 have been analyzed; the
remaining samples are under chemical process for analysis.

Figure 7: Harvard Samplers

Satellite observations

The Moderate Resolution Imaging Spectro-Radiometer (MODIS) observations from the TERRA
and AQUA satellites both measuring spectral radiance in 36 channels (412-14200 nm), in with
resolutions between 250 m and 1 km (at nadir) were used to provide a climatology for Cyprus. In
polar orbit, approximately 700 km above the Earth, MODIS views a swath of approximately 2300
km resulting in near daily global coverage of Earth’s land/ocean/atmosphere system. The swath
is broken into 5-min “granules”, each approximately 2,030 km long. Aerosol products are
reported at 10 km resolution (at nadir). Details of file specification of MODIS L2 aerosol products
can be found at the website http://modis.gsfc.nasa.gov/.

Additionally, Nicosia was selected as a validation site (in addition to the Limassol main site), for
ground based measurements of PM4 and AOT. Two locations in Nicosia were used as test
sites: Strovolos municipality building (N35.144°, 33.343° E) during the period September 2011 to
December 2011 and Pallouriotissa Frederick University Research Centre building (N35.181°,
33.379° E) during the period February 2012 to June 2012 and the period October 2012 to
January 2012. The Strovolos area is mainly commercial with heavy traffic at peak hours while
the Pallouriotissa site is residential.

Finally for Larnaka, two sets of measurements took place: One using the Dust Track along with
the Sun photometer for a period of three weeks in August of 2011 (8-26") on a site at the centre
of Larnaka city (N34.916°, 33.630° E) following the same protocol as before: PMy, recordings
every morning at 08:00am UTC for a 5-hour period and subsequent measurements using the
MICROTOPS sun photometer. Another set of measurements were provided by the Harvard
Impactor station situated on top of the tax agency building (N34.919°, 33.631° E) in Larnaka.
The said station provided measurements of PMg, PM, 5, EC-OC and nitrate concentrations.
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Figure 6: Overview of the available instrumentations at the selected sites within AIRSPACE project.
Limassol was the main site (LIDAR, AERONET, PM), Nicosia validation site (Microtopsll, PM); 15 days
campaigns were conducted at Larnaca and Paphos.

Figure 7: Satellite image of Limassol

The collection and the processing of the passive and active remote sensing measurements was
performed by the new researchers of the Host Organization. The measurements at Nicosia have
been performed by the Frederick University. Finally the in situ air pollution samplers have been
contacted by the Harvard University.
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Methodology and Results

Describe in detail the methodology used and the results achieved in this Work Package.

In the AIRSPACE project, both ground based and satellite observations were used to provide
aerosol related information for South Eastern Mediterranean region. The first goal of AIRSPACE
project was the validation of the satellite observation in Cyprus, an area affected by aerosol from
different sources and surrounding by sea. The ground based observations performed over
Limassol and Nicosia were used as the main sites for the validation of the satellite observations.

The in-situ data were collected in conjunction with satellite data (MODIS) to validate a novel
statistical model developed within AIRSPACE using AOT retrievals to estimate air particulate
pollution. All the collected data have been analysed by the HO team and used for the studies
performed at D13 and D14, given at the ANNEX B2.

MapadoTéa
Deliverables

Describe the Deliverables emerging from this Work Package.

D15: Database of ground-based measurements. The database will be uploaded to the CUT
server and will be available in the website of the project.
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Work Package Title WP5:Forecast of aerosols

Partner Code HO PA1 PA2 PA3 PA4
Personmonths per Partner 2 6 2 1 1
(according to the Contact)

Personmonths Worked per Partner 2 6 2 1 1

Work Package Objectives (as described in Annex | of the Contract)

Briefly describe the objectives of this Work Package.

This WP aims to predict, in a 72-hour base, the weather and the air quality over Cyprus, and
document the forecasting data in an attempt to compare them with ground-base measurements.
The main objective is to identify the model misbehaviour and the systematic trends of the
forecasts.

Work Description - Degree of Work Package Objectives Implementation

Describe the activities implemented in the frame of this Work Package (quantitative information should be provided
where applicable), the PA responsible for each activity, any problems that were encountered and how they were
resolved, as well as any deviations from the initial objectives.

Cyprus Meteorology Service was the responsible for the developments and the run of the
chemical model for the PM forecast over Cyprus. The performance of the model has been
checked using the ground based measurements performed within AIRSPACE project from the
HO. The description of the model and the performance during a dust event are given at the D15.
Additionally, the model limitations are summarized at the D16. Both deliverables are given at the
ANNEX B2.

Methodology and Results

Describe in detail the methodology used and the results achieved in this Work Package.

Chemical Model

A high resolution atmospheric Chemistry General Circulation Model (AC-GCM) is used to study
the emission, transport and deposition of dust in Cyprus, during a dust event over Eastern
Mediterranean. The Modular Earth Sub-model System (MESSy version 2.41) is an earth system
model, which is capable of running with multiple representations of processes simultaneously
coupled to the core atmospheric general circulation model (ECHAMS). The model configuration
used in the present study has a spectral resolution of T255L31 (0.5°, 50Km) and 31 vertical
levels up to 10 hPa. The higher resolution simulations for better dust representation in the model
are in great importance. The model output is averaged and stored over 5hr intervals, which
provides an entire diurnal cycle after 5 days. The configuration also includes a simplified
sulphate chemistry scheme allowing the production of sulphuric acid and particulate sulphate,
which play an important role in transforming the dust particles from hydrophobic into hydrophilic,
thus affecting their ability to interact with clouds and be removed by precipitation. The ammonia
(NH3) reaction with sulphate and corresponding coating with dust is also considered in this study.
Since we concentrate on dust episodes we applied a reduced version of the atmospheric
chemistry scheme, which does not account for secondary inorganic and organic aerosol species
associated with air pollution. The model was nudged towards ERA40 reanalysis data to
represent the actual meteorological conditions, according to a Newtonian relaxation data
assimilation method. The model simulation was performed over the period September-October
2011 (with 15 days spin up time). In the following we largely concentrate on a period of reduced
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visibility in Cyprus in late September.

Model Evaluation

The model results were evaluated using the AOD provided by the NASA AErosol RObotic
NETwork (AERONET) available from http://aeronet.gsfc.nasa.gov. The data comparison
represents the AOD for all aerosols simulated in the model as well as observed in the
atmosphere at 550nm wavelength. The observed AOD was averaged over the 5hr output
intervals as well as the averaged AOD over the same period from the model. Figure 1 shows the
eight AERONET stations from which observational data were available during the simulation
period and were used in this study. These stations are not necessarily located in dust-dominated
regions but can be more strongly affected by other aerosol types, including air pollution.

AERONET Stations
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Figure 1. AERONET stations used to evaluate the model results

The scatter plot between the modeled and observed AOD is shown in figure 2. Different colors
and symbols are used for each station ID (see legend). As shown in the figure, the model is
capable of simulating the AOD in general. However, at some stations (Leipzig, Palencia, Paris)
the model tends to underestimate the observed AOD. This is explained by the use of the
reduced atmospheric chemistry scheme in the model that does not fully account for urban air
pollution in addition to the unresolved physics at small scales in the global models.

Figure shows the time evolution of the AOD for different stations. As shown in the figure, the
model is capable of simulating the AOD for all stations.
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Figure 2. Scatter plot between modeled and observed AOD for different AERONET stations

As shown in figure 3a, the model is performing well at this station besides an overestimation in
the period between 22-26" of September. This disagreement may result from local conditions
that are not resolved by the model at this resolution. A similar tendency was also noticed at
station Ersa (Figure d). The model underestimates AOD over the stations Cabauw and Moldova
(Figure b and f). For the rest of the stations the model is in a very good agreement with
observations in both magnitude and timing. In summary, the comparison between the modeled
and observed AOD indicates the ability of the model to simulate the AOD rather well.
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AERONET STATION #84 (IFT-Leipzig)

AERONET STATION #113 (Moldova)
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Figure 3. Comparison between the modelled (black) and observed (red) AOD for different stations

Furthermore, model

AOT estimations have been compared with the available AOT

measurements from CUT-TEPAK AERONET site. Figure 4 shows the time evolution of the AOT
for the Limassol AERONET station together with the model results. As shown in Figure , the
model is generally, in agreement with observations in both magnitude and timing for Limassol.
The comparison between the modeled and observed AOT indicates the ability of the model to

simulate the AOT adequately.
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Figure 4: Comparison between the modeled (dark green) and observed (light green) AOT for Limassol

AERONET on September 2011

27




Deliverables

Describe the Deliverables emerging from this Work Package.

D16: Report of the forecast data and the comparison with ground measures. The report is
given in the ANNEX B2
D17: Report which identifies the model disadvantages and the projection trends. The report is
given in the ANNEX B2

A.4. TIINAKAZ AEZMQN EPIrAZIAZ / WORK PACKAGES TABLE

Aéopn "Evapén OAokAR-
. . , . , pwon .
Epyaociag Tithog Aéopung Epyaciag (uAvag) (UAvac) MapadoTtéa
Work Work Package Title Start ugn dg Deliverables
Package Month Month
1/12/2010 | 30/11/2012 | D1, D2, D3,
WP1 .
Project Management M1 M24 D4
WP2 D5, D6, D7,
Dissemination and Exploitation of 1/1/2011 | 30/11/2012
Result D8, D9, D10,
esults
M2 M24 D11
WP3 Synergistic use of MODIS, Lidar and 112011 | 30/9/2012
sun-photometer data for PM retrievals D13, D14
M2 M22
over Cyprus
WP4 1/2/2011 | 30/9/2012
Ground measurements of AOT D15
M3 M22
WP5 Forecast of aerosols 1/9/2011 | 31/7/2012
D16, D17
M10 M20
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A5. AZIONOIHZH ANMOTEAEZMATQN KAI MPOZTIGEMENH A=IA / EXPLOITATION
OF RESULTS AND ADDED VALUE

Briefly describe the added value of Project results and ways for their exploitation.

The project has produced innovative significant results at national but also at international level.
The dissemination of project results is included in the WP2 activities.

The continuous efforts during the project to inform and present the results to the relevant
Organizations and Authorities lead the project researchers to adopt the innovative findings from
this research and incorporate them into a new accomplished system. In particular, the
dissemination and exploitation of the results consists the following:

1) Research papers have been written for publishing in open access book chapter in the area of
remote sensing and air pollution, presenting the results of the project in international level.

2) Presentation of project results at international conferences.

3) Exploitation of the project results through the network of collaborators of the project Partners.
4) Development of a web-portal through which the project results are disseminating.

The project results could be used by government authorities and departments e.g. the Cyprus
Meteorological Service and the Cyprus Department of Labour Inspection for monitoring
particulate matter over Cyprus and globally using satellite remote sensing which is a more cost
and time effective methodology, rather than traditional ground-base monitoring.

Furthermore, the methodology of the integrated use of the ground based and space born as well
as of the remote sensing and in situ techniques in combination with the model estimations shows
that the detailed height- and spectrally resolved characterization of aerosol mixing and layering
is possible. Such detailed aerosol profiling is very useful for climate impact studies and aerosol
corrections in the framework of satellite data processing. Vertical mass concentration profiles
can be valuable for the validation of Atmospheric models and can be used for the estimation of
the contribution of the long range air mass transfer to the air pollution.
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[AOT, AE] Columnar aerosol distribution] PMyy RH and wind PM estimation
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Climatology
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MODIS VALIDATION
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AIRSPACE overall Methodology based on the integrated use of satellite and ground based remote
sensing techniques
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MEPOZ B |/ PART B

NMAPAPTHMA B1/ ANNEX B1

EmmiouvdrmTovTal ommoleodATTOTE ETTITTPOCHOETEG TTANPOPOPIEG AVAPOPIKA UE TO EPEUVNTIKO ‘Epyo, 01 OTToiEG
BewpouvTal aTTapaiTNTEG.

Please attach any additional information regarding the research Project considered necessary.
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NMAPAPTHMA B2 / ANNEX B2

Emouvdmtovial Ta lMNMapadotéa Tou ‘Epyou TTou ptropouv va doBouv o€ EVIUTIN Pop®r Ot éva MOVOo
avTtiypa@o (apiBunuéva cUP@wva UE To 2UBOAQIO).

Please attach one copy of all Project Deliverables which can be provided in print format (numbered
according to the Contract).
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Znueiwon: H oulhoyn kai ere€epyaaia dedouévwy TTPOCWTTIKOU XAPOKTAPA TToU TTEPIEXOVTAI OTIG EKBETEIG
Mpooddou o1 otroieg utropaAlovTal aTto ITIE yia €Aeyxo TOU OIKOVOMIKOU & ETTIOTNMOVIKOU QVTIKEIUEVOU TOU
‘Epyou, yiveTal Pe €UTTIOTEUTIKOTNTO Kal cUPQwva phe Tov Trepi Emegepyaciag Aedopévwv Mpoowtrikou
Xapakmpa (Mpootacia Tou Atépou) Népo Tou 2001 kai Tov Kavoviopd tou ITIE oe Zxéon pe Tn ZuAAoyn,
EmeCepyacia kar Xprion Aedopévwv MpoowtrikoU XapakTripa, O OTI0i0g PPIiOKETAl avapTnuévog OTnv
I0T00€AIda TOU 18pUpaTOC ().
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