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REFIR-PAD optical schematic

The REFIR-PAD instrument is permanently 
installed in the Physics shelter at Concordia 
station from November, 2011

REFIR-PAD downwelling radiance spectra measured from Concordia station. 
Acquisition time for a calibrated spectrum is about 10 min, measurements are 
performed in 6 h intervals, with about 45 min of downtime due to data analysis 
and reduction needed to send processed spectra to Italy.

REFIR-PAD level 2 products obtained analyzing the calibrated spectra with a 
retrieval code based on the LBLRTM line-by-line forward model and making use 
of a simple 5-point representation of the water vapor and temperature vertical 
profiles.

The DoCTOr (Dome C Tropospheric Observer) project aims to establish an integrated 
monitoring system to measure simultaneously, continuously and with a high temporal 
resolution the water vapor and temperature vertical profiles and the radiative exchanges vs. 
altitude in the Dome C region on the Antarctic plateau, at the Italian-French station 
Concordia.

The DoCTOr project will feature he integration of all the deployed instrumentation in a single acquisition system 
simplifiying greatly the data analysis needed to retrieve the final products: The REFIR-PAD spectroradiometer 
(already operating at Concordia station since 2011) will provide spectrally-resolved atmospheric downwelling 
radiances in the mid to far-infrared spectral range, while a diode laser vertical profiler will characterize the 
microphysics state of the first 3 km of the atmosphere. A real-time data analysis system based on an atmospheric 
radiative transfer model will then retrieve from the acquired data the temperature and water vapor profiles and the 
cloud optical thickness in almost all weather conditions found at Concordia, with a temporal resolution of about 10 
minutes.

● Ge/Mylar bilayer beam splitters
● DLATGS pyroelectric detectors
● 100-1600 cm-1 spectral range
● 0.4 cm-1 resolution
● NESR: 1-2 mW/m2sr cm-1

● 60 cm, 55 kg, 50 W avg.

Long-term climatic trends
~10 y timescale and more

Short-term events
~days/hours timescale

Warming trend
(~0.5 K) in winter

General cooling
trend in summer

Advection of warm air masses from low 
latitudes disrupts the inversion layer 
inducing sensible heat exchange, 
increased cloud cover and water vapor

▼▼▼
enhanced radiative heating: fast and 
temporally localized warming events

▼▼▼
Need for long-term, high repetition 
rate monitoring of the troposphere...

Total precipitable water vapor (PWV) and cloud optical thickness as retrieved by 
REFIR-PAD measurement compared with PWV from radiosoundings. In 
presence of clouds the retrieved water vapor amount shows large differences with 
respect to radiosonde values.

The PRN laser profiler is installed on the roof of the 
Physics shelter, at Concordia station.

Cloud profiler based on the Pseudo-Random Noise 
modulation technique (PRN) using a 100 mW 808 nm 
diode laser. The system is self-contained and low-
power, less than 10 W including Raspberry-Pi based 
control computer.
The current instrument is a limited-range (< 1 km) 
prototype to test the performances and capabilities of 
the measurement technique in improving the REFIR-
PAD data products. A new model with a 1 W laser 
source and better overall performances is under 
development to be installed in 2018-2019.

Vertical backscatter profiles are obtained with a repetition rate of about 5 minutes (enough to coordinate with 
REFIR-PAD acquisitions that are performed with a 10-15 minutes repetition rate). Above thick clouds, and in 
general above maximum range, noise dominates and must be filtered out before feeding the data in an 
automated analysis process.

Backscatter signal pre-processing: 
lower levels (first few meters) and 
higher levels (above 1 km) are 
discarded, signal is interpolated on 
the forward model atmospheric 
layering grid (16 levels)

A threshold filtering and a minimum 
layer thickness is applied to the pre-
processed backscatter signal obtaining 
the cloud mask to be used in the 
retrieval algorithm. If no cloud is 
detected by the profiles, a default 
setting (1 km – 3 km) is applied.

Corrected water vapor profile map with a custom cloud geometry applied when low clouds 
are present: the anomalies in vertical distribution of water vapor disappear since the correct 
cloud vertical distribution is provided to the retrieval process. This prevents it to alter the 
vertical profiles to compensate for the wrong cloud geometry.

Water vapor and temperature vertical profile maps retrieved from 2 
days of REFIR-PAD measurements. It can be easily seen that the 
retrieval of vertical profiles, water vapor in particular, is perturbed by 
the presence of clouds, giving rise to the detected offsets in the PWV.

The scientific problem:
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