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2015 - 2019 => IDEAS+ Work Packages (ESA; MWL-Lidar, Pandora, Cimel, Skycam,
Pyranometer)
2019 — 2022 => BAQUNIN (ESA, NASA; POM-PREDE, Air-quality, RAP, Skycam-stereo)
2022 - 2024 => BAQUNIN-2 (ESA, ASI, EUM; EM27SUN, DWL, Cimel-moon, Air-quality)
2024 - 2026 => BAQUNIN-3 (ESA, ASI, EUM, NASA; Pandora, Air-quality, Cimel-moon)
> Sustain the maintenance and operation of ground based remote sensing and in situ

instruments for Satellite Cal/Val and Atmospheric Monitoring/Research purposes,
operating in the Rome area

Acquire, homogenise and distribute high quality data

Perform inter-calibration and validation campaigns

Attract/engage Space/Research/Health Agencies

vV V V VY

Stimulate research in Urban Atmospheric Boundary Layer physics and chemistry by
facilitating inter-connections between national and international research institutes




Data harmonisation:
GEOMS / NecCDF

International Networks:
EVDC

PGN

AERONET

SKYNET

EUBREWNET

COCCON

NASA-GSFC

BAQUNIN website
https://www.baqunin.eu/
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BAQUNIN concept

a) Ground based remote sensing instruments “see” upper SL and above.
Good time resolution, large air volumes. However the pollution production
layer (UCL) might not be probed. Clouds can be a limiting factor, some
instruments need sunlight but Lunar observations are possible.

b) In situ instruments are embedded in the UCL but can only probe the
atmosphere in their proximity. Low time resolution, insufficient coverage,
and no uncertainties are limiting factors. Operative night and day.

c) Atmospheric Composition Satellite instruments provide a good 2D
description, but are almost insensitive to what happens below the SL
(physical limitations). Clouds are a limiting factor, need sunlight (TIR don’t).

d) Modelling provides good thermodynamic 4D description. Accurate
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knowledge of emission sources is a limitation, UBL physics/chemistry too
complex, no unpredictable events (e.g. industrial/wild fires)

PE Urban PoIIutlon (traffic,

heatlng)

These techniques are fully complementary
Accurate information on (urban) atmosphere
can be obtained from their physically consistent combination

Urban Boundary Layer (UBL)
* Mixed Layer (ML)
* Inertial Sublayer (IS)
* Surface Layer (SL)
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» Roughness Sublayer (RS) ‘G
» Urban Canopy Layer (UCL)
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BAQUNIN and federated observatories
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BAQUNIN sites in Tiber Valley o e Al

(Rome), Italy

" The three BAQUNIN sites are strategically located:

Sapienza => centre of Rome (AQl 50 - 150)
CNR-ISAC => semi-rural (frequent pollution advection)
CNR-IIA => rural (occasional pollution advection)

7 A%
‘ ﬁ Sapienza : CNR-ISAC => parallel to coastline

Sapienza : CNR-IIA => perpendicular to coastline
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|Ideal configuration for the characterisation of sea-
breeze effects on urban pollution transport and heat
“island studies
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TROPOMI NO2 Tropespheric Column, 20240315 h1127

ROME—II4 20240315 NOZ profile, PAA = 182
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(Rome), Italy

BAQUNIN-APL: land surface kel
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tmospheric hysics | aboratory - Physics Depaftment, Sapienza
University
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Label Instrument/facility Notes
A |PGN Day and night (Moon)
A |AERONET Day and night (Moon)
A |COCCON Day
B [SKYNET Day and night (Moon)
C Optional
D | Meteo-station SCO Day and night
D NASA-GSFC (Clarity) Day and night
E |SODAR Day and night
F  |PYRANOMETER Day and night
F | SkyCamera Day and night
F  |NASA-GSFC (SkyCameras) Day
F  |MFRSR Day
G | RAP (vertical-horizontal Day and night

pointing)
H [EUBREWNET Day and night (Moon)
I Meteo-station Day and night
L | Access to the roof
M | Portable cabin Lab, internet/power supply
N |Lidar hatch Internet/power supply
N Web Cam Instrument monitoring
(0] MWL-Lidar hatch Day and night (under request)

SEEPRAQUNIN 10



BAQUNIN instrumental suite and relate application e A

' N R (Rome), Italy
Instrument Network Site
POM-PREDE #11 SKYNET APL APL > Urban
POM-PREDE #22 SKYNET CNR-ISAC CNR-ISAC => Semi-rural
POM-PREDE Lunar SKYNET APL
Air Quality Low Cost APL CNR-lIA  =>Rural
2R L Bl . . Aosta => Alpine
v Doppler-Wind-Lidar (ESA: Meteorology, APL) SPC -> Po Valley
v/ CIMEL (ASI: Aerosol, CNR-1IA) Lampedusa => Marine
v/ PANDORA (ASI: Trace Gases, ARPA VdA, Aosta) Thule => Arctic
v PANDORA (ASI: Trace Gases, CNR-ISAC BOL, SPC) CNR-ISAC “CIRAS”
v Air quality (ENEA: Trace Gases, APL) e MaxDOAS
v/ NO2-CAMERA (BIRA-IASB: Trace Gases, APL) e CIMEL
v/ MW Profiler (ASI: Meteorology, APL) « SODAR
v/ Air quality (ASI: Aerosol in situ, TBD)
WRF model ALL Radiation CNR-IIA “Liberti”
CIMEL AERONET APL Trace/GHG | ° MaxDOAS
Microbarometer APL Aerosol * Meteo Station
Meteo Station APL Clouds * Air Quality in SltU
All Sky QarTera stereo NASA GSFC APL Vieteorolon,
. view ESBAQUNIN 11
Ceilometer RAP APL




Synergy of remote sensing and in Situ instrufients and

atmospheric model: fire smoke case 2022-06-27
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BAQUNIN Atmospheric Products: Uncertainty assessment table

We constantly update a product assessment table,

NETWORE
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reporting on uncertainty availability and characteristics

EAQLININ

LINDER QOUR

INSTRUMENT

FRODUCT

UNDER QUR
RES POMSIBILTY

THE FRODIETIS
PRESENTON NETWORKE

METWORK NAME

UNCERTAINTY

TYPEOF UNCERTAINTY

R NDO M

SYSTEMATIC

PUTURE LIPS RADES

DEVELOPMENT

THE PRODLICT IS
FRESEMT 0N BACIUNIN

UNCERTAINTY

TYPEOF UNCERTAINTY

S0DAR

SIG ML

Standard dewition

W IND DIRECTIO R

combined standam

W INDSPEED

RANDO M

SYSTEMATIC

PUTURE LIPS RADES
DEVELOPMENT

MNOTES

BACQUNIN

combined standam

W INDSPEEDALONG ANTENMAE DIRECTION

combined standam

[ZONAL WD SR PORERT

combined standand

M ERIDICNA L W1 MDD CORPD) REMT

EWDC

combined standamd

[WE RTICA4 L WWI MWD ©0 PO ME T

EWDC

combined standam

combined standamd

STAMDA RD DEVIATION OF VERTICAL WIND COPC MENT

combined standam

S KEWHNESS OF VERTICALWIMD CORMPOMNENT

EVDC

randomstandam

Random standam
random sandam

|KLIRTOS 15 OF WERTICAL WIND COR PONENT

LIDAR

EWDC

AERCADLOPTICAL DEPTH [200]

Randomstandam

Random sEndam
Ccombined standam

[AERCEOL BACKSCATTERIMG AMDEXTINCTION PROFILES

combined standam

A MGSTROM EXPOMNENT [AE]

CLOUD TOR/BOTTO M

H20 PROFILES

Erewer

(O3TOTAL COLURMMN

ELEREMMNET

combined standamd

combined standand

G EQNS template avaibbk, the poduct can be

upladed on EVDC

IﬂOZ TOTALCOLLIMM
s DOSE, UV INDEX

Fand o

CIMEL

SPECTRAL RADIANCE

O3TOTAL COLUMN

combined standamd

NOZSURFACE, TROPOSPHERKC

combined standamd

NOZTOTALCOLL MM

combined standamd

502 TOTAL COLU MM

Combined standamd

|H30HSURFACE TROPOSPHERKC AND TOTALCOLU RN

combined standamd

Ccombined standamd

AERCADLOPTICAL DEPTH [200]

MERCNET

A MGSTROM EXPONENT [AE]

SINGLE SCATTERING ALBEDD [554]

[VOLUME SIZE DISTRIEUTION [WS0)

MERDMET

MERDIMET

FINE - COARSE - TOTAL MODE

MERGIMET

H20 TOTAL COLUMM

FREDE

8 ERGSOLOFTICAL DEFTH [800)

Random

Random

Uncertainty sudy on goimg [MAPF pmject]

A MESTROM EXPONENT [AE)

SINGLE SCATTERING A4 LEEDD [554)

[VOLUIME SIE DISTR B LTION [WS D

REAL AND IMAGING Y PART OF REFRACTIVE INDEX [REFF. | MOK]

A5 MMETRY FACTOR

Fyranameter

SOLAR IRRADIANCE

Randem

Ilic - bammeter| PRESSURE

Metereclogial sensors

[TEMPERATURE_INSITU

[TEMPERATURE INSITU hall

TERPERATLRE INSITL RlAx

PRESSUIRE

W |ND.DIRECTIOM.SLIRFACE. INSITL

W INDSPEE DS URFACE IMSTL

HUMIDITY RELATIVE IRSITU

DEW.POINTTEMPERATURE INSITU
RAIN.RATE NSTU
PRECIFITATION. HEIG HT INSTU

Random

TYPE OF LINC ERTAINTY

Available

R MNDO M

Available (under evaluation)
Not yet available (more work needed)

-Not available

SYSTEMIATIC
FUTURE UPGRADE/
DEWVELOFM ENT
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* Urban (APL), Semi-Rural (CNR-ISAC), Rural (CNR-IIA) components

* Continuous operation of remote sensing and in situ instrumentation, WRF

* Free data dissemination to citizen, scientific and Cal/Val communities

* Federated Observatories: Alpine (ARPA VdA), Po Valley (CNR-ISAC), Marine (Lampedusa)
e Supported by ESA, ASI, EUMETSAT, NASA

> Test new instruments, operation scenarios, retrieval schemes

> Host inter-calibration/comparison campaigns in URBAN environment (ACTRIS facility)

> Atmospheric science with focus on urban pollution (long data series, free data distribution)
> Validation of Satellite Atmospheric products (aerosol, clouds, trace-gases, GHG)

» Educational initiatives (e.g. summer schools): hands on instruments!

BAQUNIN for Cal/Val Park
¢ Share experience in super-site and lab 24/7 operation/maintenance
¢ Support atmospheric component definition, operation and exploitation (Cal/Val)

SEESEAQUNIN 14



Carrier pigeons: the new frontier of unmanned s bl

!q frm . (Rome), Italy
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Article

Bird-Borne Samplers for Monitoring CO; and Atmospheric

Physical Parameters o . _ . 2
Citation: Di Bernardino, A.; Jennings, V.; Dell’lOmo, G. N
Bird-Borne Samplers for Monitoring CO2 and Atmospheric Physical Parameters.

Remote Sens. 2022, 14, 4876. https://doi.org/10.3390/rs14194876 AQUNIN 9 g
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SCAN ME
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EIFpE

BAQUNIN ( https://www.bagunin.eu/ ) contacts:

How can we support VHR community? (B

Anna Maria lannarelli (Scientific Coordinator) Annamaria.lannarelli@serco.com
Stefano Casadio (Senior Scientist) Stefano.Casadio@serco.com,
Stefano.Casadio@ext.esa.int

Massimo Cardaci (Contract Manager) Massimo.Cardaci@serco.com
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