GNSS radio occultations: processing at
GFZ and applications for
weather-and-climate research




GNSS meteorology at GFZ Potsdam
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GNSS for positioning
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But applicable for remote sensing of the atmosphere?
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GNSS-based remote sensing
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GNSS-based remote sensing
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Vertical structure of the atmosphere
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Classical method: radiosondes
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Remote sensing with satellites

Geostationary (~36.000 km)
and polar (400-1.000 km)
orbiting satellites
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Radio occultation method
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Radio occultation characteristics

High vertical resolution
Global coverage

CHAMP /ECMWF Temperature Profile
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Radio occultation missions
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GFZ launched in 2018 Also private companies (Spire, since 2017)
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Radio occultation processing system

LEO data via GFZ polar
receiving station

Bending angle,
refractivity and
temperature profiles
for weather
centers and
other data
user.

GPS and LEO orbits

External weather data
for validation (ECMWF)

Operational
Radio Occultation
Processing System
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Example: TerraSAR-X data delivery

21 July to 19 August 2019
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Mean time delay between onboard measurements
and data availability is about 2 hours.

90% of all data are delivered within 3 hours.
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2005
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Impact of RO data at ECMWF
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Impact of RO data at ECMWF

"GPS-RO is found to have the largest mean influence among satellite observations in the
analysis. It is the fourth best satellite system for analysis information content and the
second largest satellite contributor together with TASI and AIRS to decreasing the 24 h
forecast error.”
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In the ECMWF system, GPS-RO provides the 7% of all observations (left) and 10%
of forecast error reduction (right).

Source: Cardinali and Healy, Impact of GPS radio occultation measurements in the ECMWEF system using adjoint-based
diagnostics, Q. J. R. Meteorol. Soc. 140: 2315-2320, doi:10.1002/q.2300, 2014.
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Atmospheric studies with RO data
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Atmospheric studies with RO data

Temperature Profile
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« Temperature monitoring in the UTLS
« Tropopause dynamics - multiple fropopauses, TIL
« Gravity wave analysis - potential energy, momentum flux estimation
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Tropopause climatologies

Setup

 Lapse-rate tropopause (LRT) estimation after WMO

« Zonal monthly means (Jan 2002 to Dec 2018, 204 months)
« 5 degree latitude bins centered at 87.5°N ... 87.5°S

Monthly mean LRT height Monthly mean LRT temperature
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Tropopause height as a climate indicator

Height
Cooling /<
—— Stratosphere
j 1 Tropopause
Troposphere
Warming

Temperature

Schmidt, 2019, in preparation
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Tropopause height and temperature
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Zonal LRT helghT and temperature trends
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Summary

GPS RO is a satellite-to-satellite limb measurement.

Information content studies suggest GPS RO should provide
good temperature information in the upper troposphere and
lower/mid stratosphere. Operational assimilation of GPS RO
supports this.

We have nearly two decades of RO data.
GPS RO data can serve as a climate benchmark data sef.

Several applications of GPS RO data in the UTLS:
« Temperature monitoring,

« Gravity wave analysis,

« Tropopause dynamics

Thank you for your attentionl
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