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Introduction: Venus surface thermal emission is 

observable through spectral windows in the atmosphere 

near 1000 nm wavelength. Thermal emission depends 

on surface emissivity, which is indicative of surface 

mineralogy [1] when compared to laboratory spectra of 

samples at Venus temperatures [e.g., 2]. The Visible and 

Thermal Imaging Spectrometer (VIRTIS)  on board of 

Venus Express observed a part of this spectral region. 

The derivation of surface emissivity from VIRTIS spec-

tra is complicated by the relatively low radiance signal 

of the Venus nightside and the variable atmosphere, 

which must be accounted for using atmospheric thermal 

emission observations and a model of atmospheric radi-

ative transfer [e.g., 3].   

To date a map of the full surface coverage has been 

derived at 1020 nm. Other bands have a weaker signal 

and require more robust data reduction. The low ratio of 

signal to instrumental and atmospheric noise can be im-

proved by averaging over many observations. However 

most VIRTIS observations are affected by instrumental 

straylight caused by the bright Venus dayside close to 

the field of view and an extremely short baffle. It is 

therefore necessary to create a robust method to remove 

this artifact from the spectra. In their analysis of a Gali-

leo NIMS flyby image, Hashimoto et al. [1] subtract a 

scaled image at 1400 nm, assuming that all radiance in 

that band is straylight and that the straylight spectrum is 

uniform over the image. In a similar approach, Mueller 

et al. [4] derive a straylight spectrum from a linear re-

gression of all data to the collocated radiances at 1360 

nm. Kappel et al. [5] fit the straylight as linear combi-

nations of two spectral shapes derived from a principal 

component analysis (PCA) of deep space spectra 

In this study, we compare the principal component 

analysis approach [5] to the older approach by [4], and 

check the residual straylight at bands where the radia-

tive transfer model predicts negligible radiance for sys-

tematic deviations that might affect emissivity retrieval.  

Data processing: VIRTIS spectra in the ESA Plan-

etary Science Archive show a non-linear detector re-

sponse and some straylight from the bright side of the 

planet [5]. The non-linear detector response is mani-

fested as a deviation alternating in sign between even 

and odd bands depending in amplitude on the observed 

radiance. We correct for this sawtooth-like pattern by 

deriving correction curves from dayside spectra with 

shorter exposure durations, following the work of [5]. 

After applying these corrections, the next step is deriva-

tion of the spectral shape of straylight. 

In many VIRTIS observations, deep space is visible 

beyond the limb of the planet, but similarly affected by 

straylight. A PCA of a set of these spectra produces base 

functions ranked by their impact on data variance. The 

function with the greatest impact is very similar to the 

average straylight shape derived from nightside data by 

[4] (Figure 1). The second-most base function contrib-

utes much less to data variance. 

A linear combination of these two base functions is 

fitted to the VIRTIS nightside spectra at darks bands 4, 

22, 35-39, and subtracted from each total spectrum. In 

the work of [4], the single base function is matched to 

the average of bands 36-39 and subtracted from the 

whole spectrum.  

Results: Due to Venus Express’ eccentric orbit with 

apocenters above the south pole, latitude is strongly cor-

related with the amount of straylight present in the spec-

tra. Corrected spectra are binned to create latitudinal 

Figure 1. Straylight spectral base functions [normalized at 

band 0]. Black: from linear regression of all bands to radi-

ance at 1360 nm [4], Red and purple: first and second prin-

cipal components of radiance observed at deep space. 

Figure 2. Ratio of the weights of the second to the first princi-

pal components of straylight fitted at bands 4, 22, and 35-39. 
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profiles, together with additional parameters such as the 

coefficients of the linear combination. The latter shows 

that the shape of the straylight indeed changes system-

atically with latitude (Figure 2). The residual straylight, 

i.e., the radiances at the bands assumed to be dark are 

much smaller than with the method of [4], still show 

small systematic deviations from zero as function lati-

tude (Figure 3). The overall effect on corrected radiance 

using the two straylight approaches is differences in the 

latitudinal profiles of corrected window radiances (Fig-

ure 4).  

Discussion: The two base function straylight fit is 

superior to the single component subtraction. However, 

the spectral shape of the straylight is not yet fully repro-

duced, as is evident in the the straylight residuals that 

are on the order of 10 % of the atmospheric window at 

1310 nm (Figure 3). While large scale deviations over 

latitude do not preclude regional interpretation of emis-

sivity variation, problems may arise when other param-

eters also correlate with latitude. Cloud opacity is, on 

average, a function of latitude (Figure 4). Mueller et al. 

[4] rely on statistically derived relations between sur-

face and atmospheric emission windows, which are af-

fected if there is residual straylight as a function of lati-

tude. 

The shape of the base functions might provide a clue 

of how to improve the straylight removal procedure. 

Correlation of some features of the second base function 

with the spectral slope of first base function indicates 

that the strength of the second component would spec-

trally shift the feature in the straylight spectrum. Base 

functions are only functions of band number, so the ac-

tual wavelength registration can shift for more than one 

band between spectra. Ideally, this spectral shift, the 

changing instrument bandwidth, and residual emissions 

from the window flanks would all be taken into account.  

Alternative approaches to straylight correction fit 

analytic functions to the dark bands, to interpolate stray-

light for the windows [7]. Our straylight base functions 

can (in some regions, including the windows) be ap-

proximated by such functions, indicating that this ap-

proach might produce comparable results. In any case, 

it is our intention to develop the best possible reduction 

of thermal emission data and to make it (or the algo-

rithms needed to reproduce it) available to the commu-

nity. Our current progress toward this goal is shown in 

Figure 5.  
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Figure 3. Residual radiance at wavelengths that should be 

dark after straylight correction. Solid: band 22, dashed: band 

33, dotted: band 4. 

Figure 4. Window radiance profiles comparing the two meth-

ods of straylight correction. Black: band 8 at 1100 nm, blue 

band 30 at 1310 nm multiplied by 3 for clarity. Solid: PCA, 

Dashed, single component straylight [4]. 

Figure 5. Correction of 26 million VIRTIS spectra for de-

tector nonlinearity and straylight. Red: calibrated data 

mean ±1 standard deviation. Blue: corrected data. 
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