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The Microwave Group

e Over 30 years of experience in microwave radiometer
development.

e Currently 17 members.

e Combining technical innovation and atmospheric
research.

e Development of ground based and space born
radiometer technologies for remote sensing of: Ozone,
Water Vapour, Temperature, and Wind.

e Building of high precision calibration targets and
optics.

e Long term observations in Switzerland, Norway and
South Korea.
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The Ozone radiometer GROMOS-C at the Arctic research station

Ny Alesund on Svalbard.

Calibration target for the Arctic Weather Satellite (AWS)
radiometer.
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Waves in the atmosphere

Troposphere
Cyclones Thunderstorms
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TEMPErature RAdiometer (TEMPERA)

60-GHz Oxygen emission complex simulated with ARTS
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Krochin et al. 2024

TEMPERA at the Institute of Applied Physics at the
University of Bern. Navas-Guzman et al. (2015)
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Ground based microwave
radiometer for atmospheric
temperature sounding.

Build in 2013 in the microwave
group (Stahli et al. 2013).

Operational since 2014
Single polarisation

32’768 channels a 30 kHz
bandwidth

1 GHz total bandwidth
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The TEMPERA dataset

TEMPERA tlme series, Payerne (46 822° N)
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e Temperature profiles inverted with ARTS OEM.

e Effective altitude range is 25-50 km.

e 1-3 h time resolution
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The TEMPERA dataset u
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TEMPERA oscillations 40-50 km Altitude, 05.2022 - 03.2023
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Thermal tide analysis from TEMPERA retrievals u

b

2022-2023 Sapnsro

o Tide amplitude Tide error Tide phase o Phase error
50 50 _.50 50
£ €
= =
§40 40 S0 40
£ E
< 30 30 < 30 30

20 20 20 20

0 0 20 40 16 18 20 22 00 2 4 0 5 10

60 A24( T) [K] 60 A A24T [K] S[LST] Adh

50 50 . . . . .
B e Thermal tides are global scale gravity waves with periods of a fraction of a
840 40 day (1, 1/2, 1/3).
]
g 30 30

e Forced by absorption of solar radiation by water vapour and ozone.
20 20
0 0 20 40 . .

. A2 T) Kl . AAI2T[K] e Results of amplitudes and phases are in an expected range.
=% 50 e First continuous observations of Thermal tides over longer time periods
= (Krochin et al. 2024).
840 40
‘% 30 2 27

T(tx) = Tor + Z Qp SIN P—tk + by, cos P—tk
20 20 n=1
2 [ 20 40
A08(T) [K] A A0BT [K]

ARTS Workshop 2024

witali.krochin@unibe.ch



A Tb K]

A Alt [km]
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Altitude limitation: The Zeeman effect u
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Zeeman broadening effect for oxygen, line center at 53.0669 GHz
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R. Larsson et al. 2019
Zeeman effect:
e O magnetic moment couples to Earths magnetic field.

e One emission line splits up in several ones and
appears broadened.

e Zeeman broadening dominates over pressure
broadening above ~ 40 km.

Zeeman line shape depends on:
e Magnetic field (strength and orientation)
e Line of sight
e Polarisation state
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The Stokes polarisation vector

E(t) = (Ex + EyeiA¢) et
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ARTS simulation 3456m, mid latitudes,
30° zenith, LM on, standard atmosphere
line center at 53.07GHz
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TEMPERA-C w
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H FS G High Altitude Research Stations
Jungfraujoch & Gornergrat

e Fully polarimetric microwave radiometer
designed to measure all 4 Stokes
components.

e Build and designed in the microwave
group.

e Measures in the same frequency range
as TEMPERA.

e Installed at the Jungfraujoch research
station (3'456m a.s.l.) since March 2024.

e 2 x 4096 channels a 24 kHz and total
bandwidth of 100 MHz for each of the 4
Stokes components.
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TEMPERA-C calibration: Theory
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Va = 94> (EaE}) + Via

Vo = lgo* (BoEf) + Vi
Vx = (9a9s EaEy) + Ox
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Filter

2x 200 MS/s

Digital Correlator
4x 4k Channels

2x 200 MS/s
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TEMPERA-C calibration: Theory u
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OMT LNA Filter Mixer
In reality:

Va =19a* (B E}) + 90 *|cs|” (EvEy) + 2R {(g2¢; Ea By ) } + ViNa

Vo =|gs|* (EvEg) + 196 |cal® (EaEL) + 2R {(gich EvEL) } + Vive
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The coefficients cq, ¢y, dx, da, Iy can be found by using a rotating polarised grid (Gasiewski et al. 1993).
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TEMPERA-C calibration: Results

correction of linear polarised component

correction of V-Stokes component
without correction

RF1 = 53.07GHz
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Line Mixing

oxygen emission complex at 60 GHz, pyarts 2.5.10
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Line Mixing: Collisions with
broadening gas lead to a population
transfer between rotational states.

Dominates in the troposphere.
Before: Tropospheric correction with
high error, and lower altitude limit of
25 km.

Now: Simultaneous inversion for all

altitudes and lower altitude limit
around 15 km.
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TEMPERA-C forward model study u
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ARTS simulation for TEMPERA-C measurements, Jungfraujoch 3456m
RF1 = 53.07GHz, surface temperature RF2 = 53.6GHz, surface temperature
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TEMPERA-C forward model study u
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ARTS simulation for TEMPERA-C measurements, Jungfraujoch 3456m
RF1 = 53.07GHz, azimuth RF2 = 53.6GHz, azimuth
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TEMPERA-C first inversion with ARTS OEM uw
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TEMPERA-C at the Jungfraujoch observetory, 25.03.2024

atmospheric profiles retrieved with ARTS

Th, RF1, center at 53.0669 GHz

Thb, RF2, center at 53.5957 GHz
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TEMPERA-C atmospheric time series u
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Summary u
temperature profrle Payerne 01. 01 2016

—TEMPERA altitude range
—TEMPERA-C altitude range
- -lower Zeeman effect limit
upper line mixing limit
—TEMPERA profile
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60

e Ground based radiometry provides
continuous atmospheric
measurements with a high time 50
resolution.

e Zeeman broadening dominates
temperature inversion in the
mesosphere by broadening the line
shape.
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e Line mixing affects tropospheric
emission spectra.

201 b
e Fully polarimetric observations
increases the altitude range for
temperature inversions. 1ok |
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atmospheric temperature [K]
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Thank you for your attention u
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Please feel free to ask questions m—
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