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GRAWAC: DUAL-FREQUENCY FMCW RADAR WITH DIFFERENTIAL ABSORPTION
MEASUREMENT IN G-BAND FOR WATER VAPOR AND ARCTIC CLOUDS

J. Goliasch’, S. Schnitt?, M. Mech?, L. Biihler?, T. Rose’, S. Crewell?
'RPG Radiometer physics GmbH, ?Institute for Geophysics and Meteorology, University of Cologne,
We present the development of GRaWAC, a uniqgue Doppler capable FMCW differential absorption Radar operating in G-Band.
Simultaneous dual frequency operation at 167.3 and 174.7 GHz allows for retrieval of water vapor profiles in cloudy and
precipitating conditions by applying the Differential Absorption Radar (DAR) technique.

GRaWAC features Measurement campaigns :
* Fully synchronized chirps for transmitter and  HAMAG Feb.2024, Kiruna, Sweden on Polar-6 research aircraft
receiver LO * VAMPIRE Aug.-Oct.2024 on RV Polarstern, central Arctic
 Calibration by LNA switching during operation[5] * |OP4H20 Jan.-Mar.2025, at AWIPEV station, Ny-Alesund, Svalbard
* Transmit power monitoring * VAMPIRE -1l Jun.-Aug. 2025 on RV Polarstern, central Arctic
 Continuous operation e COMPEX Mar.-Apr.2026, Longyearbyen, Svalbard on Polar-6
aircraft
Performance data Block Diagram Water vapor profiling methods
Parameter Specification N Derivation of in-cloud water vapor profiles
Frequency 167.3 GHz 174,7 GHz 167.3GHz (Frequency |174.7GHz v — ) . el
Wavelongth pa—— e | from dual-frequency reflectivities at 167.3
Transmit Power 70mW 90MmMW [F’_om_rerDetectorH Cmfler ][ Co;:laler ]—)[PowerDetector] m@ and 174.7GHZ. [1 ][2][3][4]
Antenna Gain 54.6d8B . ("Mutiplier X2 ) ( Multiplier X2 | |} v measured reﬂeCtiVity:
Receiver Noise 5.5dB ) 0 > Mier ] [ Mixer Je —27(r.f)
Receiver IF 300kHz-4.8MHz [_ampiier ) [_Ampifier ] (Ampiter ) (Ampiter ) Ze ('ra f) — Zeff(r' f)e o
Frequency, — | | v v measured absorption coefficient:
Antenna Diameter 0.5m (Bistatic) [ Multlp‘I:erXG ) { Multl[::llerXG ] | IFFiter | [ IFFilter | , ( f)
. e\T1)
Beam Width 0.36° Digital Digital ’}/(?"1, ra2, f) — Lln[ ]
Power Consumption 700W [ Atter*ator ][ R ] = ZE(TZJ)
Weight 116kg e water vapor profile:
Dimensions 115¢m x 90cm x 90cm T —— ADC Board ﬁ( ) _ A(r,re,fa) (e, fr)
Vertical Resolution | 15-50m (Mtprer X2 ) Mltpter 2 | A PriT1,T2) = K,(f,)—K.(f)
Temporal Resolution | 1-3s 6.9726Hz 7.2796Hz where R is vertical retrieval resolution and
Sensitivity -43dBz (1km range, 1s integration o e ! . . . .
time, 30m resolution) o ook o Faition K, is the mass extinction coefficient
Airborne measurements from Kiruna, Sweden
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1% b) Differential Absorption Ratio 167/174GHz
(1)5 c) Comparison of dropsonde (blue) water vapor profile with
" GRaWAC (black) water vapor retrieval profile; 20s average
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Measurements on 18.02.2024 (a): Reflectivity at 94GHz (b): Reflectivity at 167GHz c)
Differential Absorption Ratio 167/174GHz d) Dual Frequency Ratio of 94/167GHz
e) Integrated Water Vapor of GRaWAC retrieval and Dropsonde measurement
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Conclusions: operation 06.02.2025 Ny-Alesund

GRaWAC DAR FMCW Radar was operated during ground based, airborne and ship measurement campaigns.

n multiple conditions differential absorption was observed ranging from 2-15dB and good agreement between absolute
numidity profile from DAR and radiosonde measurement data was achieved for cloudy conditions.

Detailed analysis of methods for water vapor retrieval are presented in [6].
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