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                                                  Introduction

This study simulates the ALTIUS the retrieval algorithms in Solar Occultation mode using SAGE-III/ISS data. Since 2017, SAGE-III 

has provided UV/VIS solar occultation spectra (280–1040 nm, ±1.2 nm resolution) plus a 1550 nm channel for aerosols and clouds. 

Leveraging its similar geometry and high-resolution dataset, we generate “Altiusified stimuli” from SAGE-III measurements to 

validate ALTIUS Level 2 algorithms using our own System Performance  Simulator (SPS) and assess its O₃, NO₂, and aerosol 

products against SAGE-III Level 2 references.

                                  Considerations and Scope of The SAGE-III Based Validation

Synthetic stimuli: We cannot measure the exact atmosphere observed by SAGE-III; instead, we generate synthetic stimuli from its 

Level 1 data as proxies for validation.

Spectral selectivity: ALTIUS channels are not delta-functions but weighted by wavelength-dependent Spectral Response 

Functions (SRFs), so each measurement integrates signal over a finite range.

Interpolation requirement: To mimic ALTIUS response using SAGE-III L1 transmittance, we interpolate SAGE-III data around each 

target wavelength and merge it with synthetic transmittance data generated from the corresponding SAGE-III L2 file. This 

interpolation introduces sampling errors, though subsequent SRF convolution smooths out small-scale artifacts.

Wavelength availability: Although SAGE-III has high nominal resolution, its L1 products only include specific wavelength intervals 
with variable sampling. We are constrained to these discrete points, requiring adaptation of ALTIUS’s measurement vectors.

Unknown SAGE-III SRFs: Without access to actual SAGE-III SRFs, we treat its transmittance as point values with inherent

uncertainties and noise. Our “Altiusified” transmittance is then convolved with ALTIUS’s known SRFs to simulate true instrument

performance.

Lack of aerosol information: SAGE-III’s L2 profiles contain 9 wavelengths for aerosol extinction but we need information about the 
effective radius and sigma of the aerosols. For each SAGE-III measurement we used our own Mie scattering algorithms to fit these

values to the measured aerosol extinctions. (see figure 3)

Figure 1: ALTIUS render (source: ESA) Figure 2: SAGE-III (Source: NASA)

 

 

 

 

O₃ retrieval using 45 principal components and a reg. factor of 0.4

L2 Product: Sunrise Case  

 

 

 

L2 Product: Sunset Case

Aerosol Extinction retrieval using a regularization factor of 0.3 Aerosol Extinction retrieval using a regularization factor of 0.3

O₃ retrieval using 45 principal components and a reg. factor of 0.4

NO₂ retrieval using 3 principal components and no regularization NO₂ retrieval using 3 principal components and no regularization

                                                   Conclusion

Our aerosol extinction and O₃ retrievals using Altiusified SAGE-III stimuli match SAGE-III/ISS 
Level 2 results to within acceptable limits. However, although NO₂ retrievals perform well in test 
cases, they systematically under-estimate relative to SAGE-III. 

We attribute this bias to the Altiusification process—likely exacerbated by NO₂’s lower signal—and 
recommend targeted testing to isolate the source of discrepancy and rule out implementation 
errors.

                                           About The Instrument
The Atmospheric Limb Tracker for the Investigation of the Upcoming Stratosphere (ALTIUS) 

is ESA’snext ozone mission under the Earth Watch Programme. ALTIUS captures limb-scattered  

sunlight (day), solar occultations (terminator), and stellar, lunar, and planetary occultations (night) to 

deliver high-resolution stratospheric ozone profiles. As ESA’s successor to SCIAMACHY and 

GOMOS (retired with ENVISAT in 2012), ALTIUS ensures continuous global ozone monitoring. 

Mounted on a PROBA platform, ALTIUS carries three independent imagers—UV (250–355 nm), 

VIS (440–675 nm), and NIR (600–1040 nm)—each selectable by wavelength and timing. This 

flexibility boosts vertical resolution for profiling O₃, NO₂, aerosols, and other species. Scheduled for 

launch in 2027 from Kourou via Vega-C, ALTIUS will advance stratospheric chemistry research.

L1 SAGE-III/ISS L2 SAGE-III/ISS

Interpolated temperature, pressure, O3, NO2 & aerosol 

profiles, defined for the altitudes h = (0:0.1:100 km), and 

the fitted effective radius of the aerosols

O₃ retrieval using 45 principal components and a reg. factor of 0.4

                      TSAGE (λSAGE ):

Transmittance for each SAGE-III wavelength, 

defined for each altitude h = (0:0.1:100 km).

                                S(λ)

We form an interpolant around the wavelength 

we measure in.

                             Tsynth (λ):

 Synthetic transmittance based on the predefined

atmosphere, with a spectral resolution of 0.1nm, 

defined for each altitude h = (0:0.1:100 km).

                                 Thybrid(λ):

The spline S(λi) is only defined on a subinterval  I0 

of the domain I of Tsynth(λ). We then define: 

Atmosphere based on US76 and given temperature, 

pressure, O3, NO2 andaerosol profiles

                            R(λ):

 Radiance profile based on the transmittance.
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Simulated 

L1 Product

Figure 6: Hybridization of the transmission profileFigure 5: Fitting of aerosol parameters

Figure 7: O3 averaging kernels

Fig 8: Example of an NO2 retrieval based on synthetic data of an atmosphere containing normal O3 and aerosol levels

System Performance 

Simulator

Figure 3: Out of atmosphere simulation of a sun disk snapshot Figure 4: Low tangent point altitude simulation of a sun disk
snapshot showing the distortions caused by refraction
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