Dome C Tropospheric Observer (DoCTOr): Synergy of active and I
passive optical remote sensing techniques for the continuous R
monitoring of the Antarctic troposphere. REFIR-PAD

INO-CNR

ISTITUTO
NAZIONALE DI
OTTICA

Giovanni Bianchini', Massimo Del Guasta', Gianluca Di Natale', Luca Palchetti’

Tstituto Nazionale di Ottica INO-CNR, UOS di Sesto Fiorentino, Via Madonna del Piano 10, Sesto Fiorentino, Italy
contact information: e-mail gi ovanni . bi anchint @no. it - website http://refir.fi.ino.1t http://ww.ino.it/SPHERES

REFIR-PAD @ Dome C - Downwelling radiance spectra . o
0.08- | | | | | y The SClentlﬁC prOblem. Cloud profiler based on the Pseudo-Random Noise
g LG idler apor : modulation technique (PRN) using a 100 mW 808 nm
5 High water vapor -~ . . .
= 0.06- . L. y diode lellser. }”lfhe 1soystem lf (slelf—contalgled andblowci
€ " ; " " power, less than 10 W including Raspberry-Pi base
s I Long-term climatic trends Short-term events . i Yo
% ; N, O — . Dl . — % The current instrument 1s a limited-range (< 1 km)
Eo.oz— D | N,O 1 Nl O y tll I |escale and N |Ore Ndays / hours tlmescale prototype to test the pe.rforn.lan.ces anc_l capabilities of
: CO, - the measurement technique in improving the REFIR-
O . l 110'00 . 1400 . . PAD data (Il)r(])Jdltltcts. A ne\ﬁf mociel with a I.W lacsler
Wavenumber fen | Advection of warm air masses from low | onice and beter ovrl P
REFIR-PAD downwelling radiance spectra measured from Concordia station. ‘ N ] rmln tr n d - - . . evelopment to be installed mn ; .
Acquisition time for a calibrated spectrum is about 10 min, measurements are a g e latltUdeS dlsrupts the INVversion layer
performed in 6 h intervals, with about 45 min of downtime due to data analysis ifl % . . h
and reduction needed to send processed spectra to Italy. (Q\JO 5 BE) ln Wln‘ter 1nduc1ng SenSIble heat exchange,
2 SN - increased cloud cover and water vapor
REFIR-PAD, Dome C 15/07/2016 12:32 UTC, clear sky, 0.19 mm PWV, y =1.39 i UJ dL . Ug “
| ' | ' | B ' | hal ' v v v
0.08- . ( (L
— measured 2 ' ° ° °
TITRREN .. by \ ' enhanced radiative heating: fast and
oo NI | | ] o W . | g\ . ' .
= oo I WHLHCTE o G T Y ‘ 3 temporally localized warming events
g 0.04 1 - G \ 1 b 1
N: 0.02 i it 1 MEL : L — ene C O 1n/g v v v
z RALIWLLTEIGIRY R L] The REFIR-PAD instrument is permanently . oy SRR e
§ O |. fl o rl o . ; | . | 7| 7 |» ] installed in the PhYSiCS shelter at Concordia trend 1n Summer Need for lOng-term, hlgh rep etltlon The PRN laser profﬂer 1s 1nstalled on the roof of the
= 400 500 600 700 800 1 s S : . .
L T o s~ h rate monitoring of the troposphere... Physics shelter, at Concordia station. Y,
0.002 |- -
0 - Ge/Mylar bilayer beam splitters
0.002 - residuals || DLATGS pyroelectric detectors
20.004 - | | | [ | | | . unce?amty - e 100-1600 cm’ spectral range RTMU ] ] . . j "
LI T ) (o st The DoCTOr (Dome C Tropospheric Observer) project aims to establish an integrated CW-lidar map
avenumber [cm 60 cm,. 55 kg, 50 W avg. . R . . . . lati
monitoring system to measure simultaneously, continuously and with a high temporal T T e— 770 005
REFIR-PAD Retrieved vertical profiles . . . e I g 1 010 pra gy "a, ' ol S e 11 dhigans® - 0.00045
B — resolution the water vapor and temperature vertical profiles and the radiative exchanges vs. o Bl #TJ%%% *mf’-*ag;ﬂ .ﬁ%r e -
5 . g g g - IS it S St (T f.d"‘l.‘ el i 2 i 0.00035
altitude n the Dome C region on the Amntarctic plateau, at the Italian-French station = R e L -
1000 1000 Concordia : el .. '; TR . , _. . L} "' III r b 0.00025
E Atmosphere | “-g-“ ' TR - 0.0002
E Blackbodies : . : : . = . - = [
: | - REFIR-PAD optical schematic < The DoCTOr projectywill feature he integration of all the deployed instfumentation in a single acquisition system & - 0.0001
z 100 100 ————= e - - : 1 : : : 5e_05
5 7 simplifiying greatly the data analysis needed to retrieve the final products: The REFIR-PAD spectroradiometer
= — — 3 g . . . 3 . . 0
& (already operating at Concordia station since 2011) wall provide spectrally-resolved atmospheric downwelling | —
B radiances 1in the mid to far-infrared spectral range, while a diode laser vertical profiler will characterize the i -0.0001
Rt HRINE ; o sl =] ot h A I-ti d TS 15 i Pt 0 2 4 6 8 10 12 14 16 8 20 22 24
10 0= s B uIc REFIR—PAD temperature map microphysics state of the _1rst m o the atmosphere. A rea -time data analysis system based on an atmospheric Local time [h]
| | re radiative Fransfe.r model. will then retrieve from th.e.acqmred data the temperature and water vapor proﬁles gRd.LHe" Fe e e AT PR e R e e R el
60 30 40 30 20 00000 0001 | [ cloud optical thickness in almost all weather conditions found at Concordia, with a temporal resolution of about 10 REFIR-PAD acquisitions that are performed with a 10-15 minutes repetition rate). Above thick clouds, and in
T [C] H,O [vmr] 3.5 1 - : ig - general above maximum range, noise dominates and must be filtered out before feeding the data in an
REFIR-PAD level 2 products obtained analyzing the calibrated spectra with a E 3 k et minutes. bm sl ErhaRiec s
retrieval code based on the LBLRTM line-by-line forward model and making use N 25 . iz
of a simple 5-point representation of the water vapor and temperature vertical © 20- ' | s
profiles. 1. | b -so \
REFIR-PAD retrieved PWV vs. RS92 radiosoundings - June 2017 1.0 - :z / R E FI R_P AD h20 VM R m ap Cloud profiler 20180105 A threshold filtering and a minimum Cloud profiler 20160105
1 . | . | . I . 0.5 ] s i 65 layer thickness is applied to the pre-
I Cloud PWV | i - s o - L B MR . . , . | log10(VMR), - processed backscatter signal obtaining
RS-92 ' ' ' ' ' | T 0 i o - the cloud mask to be used in the
0.8 _ i/ UTC oay B . LA “W vm . | o5 :l getrievaj ia)lgorlilthm. Ifif1 no cl(()iu(fl ils
5 3.5 - -
i — 2 RERIR-PAD h2o VMR map : - .- -3.0 = S:ttteifltg(l kl};_t 3ek111311;0i; ae;i,liaed. -
% | | | . l0g10(VMR), E 39 ] I I Y )
£06T /035 « T e P ~ 2NN 5
> I 1 -3 " : _ - 3.0 © 20+ - - g E
= =% T 30 ! "En 45 ® 9 ”
A 041 02 8 — [ -as S 5. - :
= N 28 4l = ] ;
i i (% g =0 s 1.0 : l > j Facksciattelr stifgnalfpre-proces)sing(i
e : = - ~ t Tew meters) an
0ol o1 8 s - ] _ 5.5 3 hc;w}::r elve s1 irs
5.0 gher levels (above 1 km) are
I | 1'0: : . ] [55 : E'E?ll‘ . — 4 5'3_0 i ; g 5'3_5 e -6.0 j discarded, signal is interpolated on
SSTHE A 4 i oo the forward model atmospheric
? ! ' ' | ! | ' 2 152.0 152.5 153.0 153.5 154.0 _ UTC day Julian day layering grid (16 levels) Julian day
52 152.5 Juligl 3 da 153.5 15 UTC day Corrected water vapor profile map with a custom cloud geometry applied when low clouds
Total e 1 PWV) and f T e : . are present: the anomalies in vertical distribution of water vapor disappear since the correct
R(])EI?IRprIe)CAiF];ta e Valf[)OI‘ ( );n ?tl(l)u P\OKI])\;Caft ¥ negs & reclir}eve Iy Water vapor and temperature vertical profile maps retrieved from 2 cloud vertical distribution is provided to the retrieval process. This prevents it to alter the
- measurement - compared  wi rom radiosoundings. 1n days of REFIR-PAD measurements. It can be easily seen that the vertical profiles to compensate for the wrong cloud geometry.

presence of clouds the retrieved water vapor amount shows large differences with retrieval of vertical profiles, water vapor in particular, is perturbed by IN O 1 i 2 O 1 8 P . I 1 1 5 1 6 M h 2 O 1 8
respect to radiosonde values. the presence of clouds, giving rise to the detected offsets in the PWV. \ / annua Symp O S 1um e 1S a ta y L arc


mailto:giovanni.bianchini@ino.it
http://refir.fi.ino.it/refir-pad-prana.html
http://refir.fi.ino.it/refir-pad-prana.html

	Slide 1

