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SUMMARY

The PAUR II 1999 experiment took place in Greece and Italy. The sites and the instrumentation deployed are listed in the Tables at the beginning of Part A. The larger part of the measurements was carried out on a continuous daily basis throughout the measuring period. 

The experiment was conducted in early summer of 1996 (1.-31.5.99) with the participation of 16 European scientific groups. External assistance was provided by NOAA, while NASA/GSFC measured concurrently at Crete for satellite (TOMS) ozone and aerosol measurement verification. The purpose of PAUR II was to study UV modulation by variations in stratospheric ozone and by tropospheric ozone due to enhanced photon pathlengths by scattering from different types of aerosols, namely marine/continental and Saharan aerosols. Further, UV models should be validated with the resulting dataset. A side objective was a more thoroughstudy of enhanced summertime tropospheric ozone over SE Mediterranean. 
The meteorological conditions during PAUR were favourable for the study of the background atmospheric composition in the region. N/NE and W/NW flow was alternated with SW flow that transported air from the Sahara. Hence, the chemical, physical and optical characteristics of the background Eastern Mediterranean atmosphere were studied for the first time for a variety of synoptic flows.

The results are summarised in Part A and presented in detail in Part B of this report.

PART A 

SUMMARY REPORT OF THE PROJECT

· C.S. Zerefos and K.A. Kourtidis 
I.a. GENERAL OBJECTIVES

The main objectives of this project are to measure and model UV-B spectral transmittance through turbid atmospheres and to study the role of stratospheric and tropospheric ozone in the UV-B transfer in the presence of aerosols. The following tasks are foreseen:

I: UV Modulating Factors.
The UV modulation by variations in stratospheric ozone and by tropospheric ozone due to enhanced photon pathlengths by scattering from different types of aerosols, the effect of which is also targeted, will be studied during a campaign in the southeastern Mediterranean. 

II: Validation of UV models with large data sets.

An extensive analysis and interpretation of data will be performed, together with modeling of UV-B transfer codes and validation of model calculations with a large and calibrated data set. UV irradiance and actinic flux measurements are to be compared to model calculations, in order to assess the capabilities of radiation models to reproduce the radiation field for the conditions encountered during the campaign. These studies will focus on (a) the effect of tropospheric aerosols of different physical, optical and chemical characteristics on UV-radiation, by comparing spectral measurements and model calculations with and without aerosols and perform Mie scattering calculations to define the optical properties of aerosols and (b) will investigate the effect of altitude change of spectral UV-radiation and sensitivity of spectral UV-radiation with respect to the altitude gradient and concentrations of tropospheric ozone.

I.b. Side Objectives

These objectives arise from the evidence of high background tropospheric ozone found in PAUR to exist in the area of study. These include studies of the mechanisms maintaining the enhanced tropospheric ozone in the Aegean and interrelationships with the UV radiation field. Photochemistry, with emphasis on the oxidizing capacity and maintenance of high ozone over southeast Europe, and the modeling of factors determining ozone formation in the presence of aerosols and steep gradients of JO(1D) will be also studied.

II. MILESTONES

During the first year of the project, the milestones to be achieved were, according to the workprogramme,

· Pre-campaign preparations (WP1, Task 1.1)

· Campaign execution (WP1, Task 1.2)

· Aerosol optical characterisation and other UV modulators (WP2, Task 2.1)

· Effect of tropospheric ozone in the presence of Sahara/maritime aerosol (WP2, Task 2.2)

· Interpretation of meteorological observations and meteorological modelling (WP2, Task 2.3)

· Provision of emission data for ozone precursors and preparation of transport data for CTM studies (WP3, Task 3.1)

· Post-campaign databank assembly (under progress)

· Presentation of the results to the Community

These milestones have been fully accomplished. 

III. MAIN RESULTS

The May 1999 Campaign 

A 30-day campaign in the south and southeastern Mediterranean was executed at three sites. Two sites were located in the island of Crete, one at high altitude and one at low altitude, and one in the island of Lampedousa. In addition, radiation and surface ozone measurements, as well as vertical ozone and aerosols profiles were obtained with the LAP-AUTH LIDAR system in Thessaloniki, in order to support the objectives of the campaign. Additionally, O3, NO2 and SO2 Brewer measurements were performed in Rome. The measurements during the Campaign also included optical characterization of aerosols, spectral UV-B measurements, ancillary radiation measurements and atmospheric composition measurements on top and bottom of the mountain, assisted by LIDAR ozone and aerosol profiles. In situ measurements of ozone and UV irradiance were performed on board of one vessel cruising along the Aegean sea, from Crete to Thessaloniki, during the campaign. The equipment installed at the various sites involved in this campaign is described in the Tables of the Appendix.

The main results from the reporting period are 

· The campaign was organised and executed successfully.
· Radiometric instruments have been absolutely calibrated with a portable NIST-traceable 1000 W lamp provided by NOAA as well as relatively calibrated with a 1000 W lamp in a dark room that was set by IASB.

· Total ozone exhibited very large (120 D.U.) fluctuations during the campaign. Tropospheric ozone also exhibited large variations, depending on the synoptic flow and origin of the air mass. The aerosol optical depth varied from around 0.15 (non-Saharan air) to around 0.8. (Saharan air) during the campaign. The aerosol Angstrom alpha coefficient varied from around 0.5 (non-Saharan air) to around 1.2 (Saharan air). Ground-level ozone varied from around 60 ppb during non-Saharan event period to around 45 ppb during Saharan dust events. Hence the dataset that resulted from the campaign appears quite promising for the UV modulation study foreseen in the project.

· Two Saharan dust episodes were encountered, centred around the 3rd and the 19th of May. The second episode starting and ending at background conditions (15th-24th of May) has been fully sampled by the CNR LIDAR at Crete

· The diurnal cycle in total ozone column, observed during PAUR, is evident only on days with small changes in stratospheric ozone.

· Brewer and Bentham measurements show that on the average, aerosol optical depth was lower at Vatali (high altitude) compared to Gerani (low altitude) by 0.1. 

· Nitrogen dioxide photodissociation rates were on the average around 5% higher at the high altitude Crete site than at the sea-level Crete site. Daily J(NO2) maxima were around 9E-3 s-1 during clear skies, increasing by 15% to 10 E-3 s-1 during days with broken clouds due to scattering. This effect was more pronounced at the high altitude site. During the second Saharan dust episode, J(NO2) daily maxima decreased slowly to around 8 E-3 s-1.   

· The background composition of the summertime atmosphere in the Mediterranean region during different synoptic flows was measured. 

IV. OBJECTIVES FOR THE NEXT PERIOD

The objectives for the next period are 

· Thorough analysis of the data from the campaign, including final QA/QC procedures

· UV and CTM modelling studies

· Submission of the final report to the Commission

For the next two months, the following objectives will be followed:

· Processing of results from the absolute and relative calibration of the radiometric measurements 

· Data QA/QC and submission of all data to the database. 

· PAUR II web site update

· Analysis of data

· Intercomparison of total ozone measurements by Bentham, Brewer, MicroTOPS, SAOZ and the TOMS satellite

· Examination of the effects on J’s at the two sites in Crete during days with low-level aerosol layers
APPENDIX

A. Crete

Site I ( Top of the mountain, VATALI site, 1020 m ASL):
Parameter
Instrument
Institution

Global and direct UV 290-366 nm, total O3, total SO2
Double Brewer
LAP-AUTH

UV-B Dose
YES
LAP-AUTH

Short wave radiation
Pyranometer
LAP-AUTH

Global radiation
GUV
NOAA

Flux at 305,320,340,380 & PAR
GUV 511C Radiometer
NASA/GSFC

Spectral actinic flux
Diode array spectrometer
METCON

J(NO2), J(O1D)
Filter radiometers
METCON

O3
UV
UMUN

NO, NO2
Luminol
UMUN

PAN
Luminol
UMUN

C4-C12 HCs
GC-FID
UMUN

Black carbon
Magee Scientific
ECPL-UC

Aerosol Ionic Composition
6-stage Impactor
ECPL-UC

Site IIa (Bottom of the mountain, GERANI, Aegean Palace Hotel, 30 m ASL, 35.5195 O N 23.8636O E):

Parameter
Instrument
Institution

Temperature, RH, wind velocity and direction
Met. Station
IASB

Spectral irradiance 280- 500 nm
Jobin-Yvon HD10 double  spectroradiometer
IASB

Broadband UV-B 280-320 nm
Yankee UVB-1
IASB

Broadband UV-A 300-380 nm
YES UVA-1
IASB

Integrated solar radiation 300 nm- 3 um
YES TSP-700 total solar pyranometer 
IASB

Narrowband radiation at 300, 307, 320, 340 and 380 nm
NILUV radiometer
IASB

Spectral actinic flux
Diode array spectrometer
METCON

J(NO2), J(O1D)
Filter radiometers
METCON

Global and direct UV 287-600 nm, total O3, total SO2
Bentham
UInns

Erythemal dose
2 Broadband Dosimeters
UInns

Total Global Irradiance
Eppley Pyranometer
UInns

Total O3, AOD at 950 nm, total water vapour
Microtops II
UInns

Aerosol optical depth at 340, 380, 440, 500 and 675 nm
Microtops II
UInns

Direct solar irradiance
Kipp and Zonen pyrheliometer-actinometer
UInns

Broadband UV-A flux
UVA-501 Broadband UVAmeter
NASA/GSFC

Flux at 305,320,340,380 & PAR
GUV 511C Radiometer
NASA/GSFC

Solar Radiation
Multi-Filter Rotating Shadowband Radiometer 
NOAA

Total Aerosol Optical Depth at 340,380,440,500,670,870 and 1020 nm
CIMEL
NASA/GSFC

Global radiation
Yankee radiometer
NOAA

Spectral radiation
Eppley PSP
NOAA

Site IIb (Bottom of the mountain, NOPIGIA, 45 m ASL):

Parameter
Instrument
Institution

Total O3, Total NO2
SAOZ
CNRS-SA

Temperature, RH, wind velocity and direction
Met. Station
DUTH

O3, NO, NO2, HNO2, CH2O, toluene, xylene, benzene and naphthalene
SANOA DOAS
CNRS-SA

O3 vertical distribution up to 30-35 km
Ozonesondes
NASA/GSFC

O3
UV
UMUN

NO, NO2
Luminol
UMUN

PAN
Luminol
UMUN

C4-C12 HCs
GC-FID
UMUN

Total Aerosol Optical Depths at 340,380,440,500,870 nm
MicroTOPS Sun Photometer
NASA/GSFC

Total Ozone
MicroTOPS Ozonemeter
NASA/GSFC

Black Carbon
Aethalometer
DUTH

Particle size analyser, 6 bands 01.-6 um
Laser In Cavity
DUTH

Aerosol Ionic Composition (Large & Small prticles)
Hi-Vol Virtual Impactor
DUTH

Aerosol Ionic Composition
6-stage Impactor
ECPL-UC

Aitken nuclei 3-200 nm, 11 stages
TSI
ECPL-UC

Organic Carbon
Quartz filter collection
ECPL-UC

Aerosol Backscatter at 532 nm 100 m-20 km
LIDAR VELIS
CNR

Ozone vertical distribution 500 m - 5 km 
DIAL LIDAR 289 nm and 299 nm
EPFL

Site III.a. Lampedousa (Site III)

Parameter
Instrument
Institution

Tropospheric aerosol backscattering/depolarisation profiles at 355 nm and 532 nm
LIDAR
UOR

Total ozone and UV irradiance
Double Brewer
ENEA

CO2 concentration (continuous)
GAW station
ENEA-CNR-UOR

Weekly measurements of greenhouse gases
GAW station
ENEA-CNR-UOR

Temperature, Wind direction and velocity
Meteorological station
ENEA

Solar Radiation
Kipp and Zonen pyranometer
ENEA

Solar Radiation
Multi-Filter Rotating Shadowband Radiometer 
NOAA

UV-B
Yankee UV-B radiometer
NOAA

UV-B
Solar Light UV-B radiometer
NOAA

UV-B
Solar Light UV-A radiometer
NOAA

Spectral Radiation
Precision Spectral Pyranometer
NOAA

Global radiation
GUV-511 filter radiometer
NOAA


POM-01L Aureolemeter
CNR

The Fraunhofer Institute (IFU) in Garmisch, participated in the campaign with an ultralight aircraft flying up to 4.5 km, equipped with the following instruments:

III. b. Aircraft Measurements at Lampedousa 

Parameter
Instrument
Institution

Ozone
UV-Photometer
IFU

JO1D , JNO2

Actinometer
IFU

Solar Radiation
LICOR Pyranometers (downward and upward)
IFU

Dew Point
Mirror
IFU

3-D Position
GPS
IFU

Aerosol particles (r> 0.3, > 0.5 (m)
Laser counter 
IFU

Aerosol size distribution (0.5 < r < 8 um)
FSSP-300
IFU

Scattering coefficient and visibility
forward scattering at 870 nm
IFU

Pressure and temperature
Sensors
IFU

Condensation Nuclei (0.01 - 3 (m)


Counter
IFU


2 Digital cameras
IFU

IV. Cruising Vessel (Heraklion, Crete to Thessaloniki)

Parameter
Instrument
Institution

UV radiation
GUV
IASB

Ozone
Dasibi
UMUN

Site V. Thessaloniki

Parameter
Instrument
Institution

Global and direct spectral UV 290-33- nm
Brewer
LAP-AUTH

Total ozone, total SO2
Brewer
LAP-AUTH

Ozone and aerosol vertical distribution 0.7-10 km
DIAL LIDAR
LAP-AUTH

Site VI  Rome

Parameter
Instrument
Institution

Global and direct spectral UV 290-33- nm
Brewer
UOR

Total ozone, total SO2, total NO2
Brewer
UOR

VII. Satellite measurements provided by NASA/GSFC

Parameter
Instrument
Institution

Total Ozone
TOMS
NASA/GSFC

Aerosol Index
TOMS
NASA/GSFC

360 nm reflectivity
TOMS
NASA/GSFC

Total optical depths at 360 nm
TOMS
NASA/GSFC

The results from the reported period are presented in more detail in PART B of the present report.

PART B

INDIVIDUAL REPORTS FROM THE PARTICIPANTS
