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GLORIA* limb imaging
Fourier-Transform Spectrometer in combination with an imaging detector 

allows for simultaneous measurements of multiple limb geometries.

Aircraft and balloon versions of GLORIA available, both act as precursors of 

the Changing-Atmosphere Infra-Red Tomography Explorer (CAIRT) 

candidate for the Earth Explorer 11 mission.

First GLORIA-B# flight during HEMERA balloon campaign on 21/22 August 

2021 from Kiruna (Sweden), see Fig. 1.

Gauss-Newton iterative least squares fitting retrieval procedure with 

Tikhonov-Phillips regularization; data filter: cloud index (ci) Ó 4; altitude 

resolution Ò 2 km (for most species); for errors, see Fig. 2.

Comparison of retrieved mean vertical profiles of tracer species with 

external data to assess the quality of the measurements with the new 

GLORIA-B instrument (Fig. 3).

Comparison of photochemically active species with simulations of the 

chemistry-climate model EMAC, run in a T42 (2.8°x2.8°) resolution (Fig. 4). GLORIA-B observations 
GLORIA-B measures 2D distributions of a large number of stratospheric and 

upper tropospheric trace gases in high temporal and vertical resolution, like

GLORIA-B EMAC

*Gimballed Limb Observer for Radiance Imaging of the Atmosphere 
(Friedl-Vallon et al., Atmos. Meas. Tech., 2014; Riese et al., Atmos. Meas. Tech., 2014)

#For details, see Wetzel et al., EGUsphere [preprint], 

https://doi.org/10.5194/egusphere-2025-1838, 2025.

Fig. 3: All measured GLORIA-B data points (orange squares) and mean vertical profile (red solid line) compared to high-

resolution in-situ data (squares) and smoothed with the averaging kernel of GLORIA-B (solid lines, dotted outside

altitude region of reliability). O3 measurements (v5) from the Microwave Limb Sounder (MLS), averaged in ±5 deg.

latitude and ±20 deg. longitude bins around the GLORIA-B observations are shown, too. Absolute and relative

differences together with combined error bars and GLORIA-B standard deviation (SD) are also plotted.

Fig. 2: GLORIA-B retrieval error budget (for a mean

retrieved profile) and altitude resolution shown as an

example for the gases O3 (top) and SF6 (bottom).

Fig. 4: Temporal evolution of different species as seen from GLORIA-B over northern Scandinavia (BrONO2 and NO2

adjacent averaging smoothed due to noise structures). The grey solid line shows the observer altitude (zobs). Black solid

lines mark sunset and sunrise terminators. Dynamical tropopause (2 and 4 PV units from ECMWF) is plotted as dashed

magenta lines. Changes in the VMR around 17:18 UTC, 22:05 UTC, 23:13 UTC, and 05:02 UTC correlate with

azimuthal rotations which indicate a gradient in the horizontal distribution of the corresponding species. The observed

temporal evolution is largely in agreement with the EMAC model simulations. Some deviations in the absolute VMR of

the molecules are visible.
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Fig. 1: GLORIA-B launch preparations at Esrange Space Center (68°N, 21°E) near Kiruna (top), measured geolocations

(bottom left) and the instrument integrated in the gondola (bottom right).

GLORIA-B data quality assessment
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