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Introduction:  Gullies are one of the most studied 

active surface processes on Mars. Their regular tracking 

through high spatial and temporal scale observations is 

critical to help constrain timelines of activity, and by ex-

tension, provide glimpses into past and present climate 

cycles that played a role in their formation [1-4]. Obser-

vations from the High Resolution Imaging Science Ex-

periment (HiRISE) [5] and the Context Camera (CTX) 

[6] onboard the Mars Reconnaissance Orbiter (MRO) 

have been largely used to identify and document these 

features. More recently, combinations of images from 

the Colour and Stereo Surface Imaging System (CaS-

SIS) [7] onboard the ExoMars Trace Gas Orbiter (TGO) 

along with simulated CaSSIS images based on MRO da-

tasets [8] have proven their utility for such campaigns, 

owing to their extensive four-band colour swath, com-

pared to the narrow HiRISE colour strip [9].  So far, 

most identifications of new changes have been based on 

qualitative visual comparisons of pre- and post-images 

across timelines. However, this poses some challenges 

when dealing with images taken under different atmos-

pheric and geometric conditions, as variable image ac-

quisition parameters can significantly affect interpreta-

tions. This work presents initial findings of a set of ad-

ditional quantitative colour-based techniques that can be 

used in concert with visual comparison methods, to aid 

reliable identifications of new changes between images.  

Data and Methods: Gasa crater (-35.7N, 129.4E), 

host to one of the most active gully systems on Mars 

[10], is the primary focus of this study. Three fully sim-

ulated CaSSIS cubes and one actual CaSSIS image 

(MY34_005684_218_1) were used for this analysis [9], 

with the simulated cubes (with IDs based on CRISM: 

06220, 13F9F and 1E5A2) produced by combining co-

ordinated CRISM and CTX observations. Figures 1a 

and 1b show HiRISE RED images of a new gully de-

posit formed in early MY30. This change was initially 

missed by the colour swath of HiRISE, and had to be 

specifically targeted in later cycles to derive associated 

colour information. Figures 1c and 1d show correspond-

ing colour infrared simulated CaSSIS composites exhib-

iting a distinctive blue colour associated with the new 

deposit. This distinct colour infrared signature is char-

acteristic of most new changes seen at Gasa [4, 8-10]. 

Apart from visual comparison of each CaSSIS product, 

we also employ three additional techniques, described 

below, to identify gully changes. 

Method 1 - Computation of ferric/ferrous ratios to 

separate new deposits from background: Most new 

gully deposits at Gasa are comparatively more ferrous 

in composition than the surrounding ferric surfaces [4, 

8, 9]. Hence, we use a set of four ratios strategically de-

veloped to enhance the ~1000nm and ~500nm absorp-

tions associated with ferrous- and ferric-bearing materi-

als, respectively [8]. To gauge the accuracy of these ra-

tios, 10 locations were chosen along the crater floor, 

where no change had occurred between successive im-

ages. Mean differences for the four ratios between two 

images at these points were computed to identify the 

minimum ratio value that constitutes a real colour 

change (Least Count (L.C.) in Table 1), thus providing 

a reasonable way to eliminate false positive detections. 

 

Figure 1. A pair of HiRISE RED (a and b) and simulated CaS-

SIS NIR-PAN-BLU composite images (c and d) showing the 

formation of a gully deposit in the northwestern portion of Gasa 

crater in early MY30. Images shown here are (a) 

ESP_018327_1440 (b) ESP_019461_1440 and simulated prod-

ucts dubbed (c) 13F9F and (d) 1E5A2, after the CRISM IDs 

they were produced from. 
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Method 2 - Direct spectral comparison between 

pre- and post-change images: In this method, spectra 

were extracted from a Region of Interest (ROI) within 

the area of change and were compared between pre- and 

post-change images. To reduce effects of atmospheric 

contributions on image scenes, a dark object subtraction 

technique was employed prior to extraction of spectra.  

Method 3 - In-scene spectral comparison of change 

and non-change regions in pre- and post-change im-

ages: In this technique, spectra were extracted and com-

pared from two ROIs – one inside and one just outside 

the change area, for both pre- and post-change images. 

It is critical that both ROIs are taken at locations of sim-

ilar slope, so that illumination/topographical effects are 

reduced [11]. Since spectral comparison takes place 

within the same image, this method is unaffected by var-

ying image acquisition parameters between pre- and 

post-change scenes. 

Results: A total of 22 changes (15 new and 7 fading) 

were observed from the set of simulated and actual CaS-

SIS products. An observed increase in PAN/NIR and 

decreases in PAN/BLU, RED/PAN and NIR/BLU ap-

pear to correlate with pre- and post-image changes for 

new deposits (Table 1); this is consistent with new gully 

deposits being more ferrous in composition than sur-

rounding ferric surfaces.  

For fading changes, presumably from deposition of 

airborne ferric dust particles over time, a decrease in the 

PAN/NIR ratio is observed with increases in PAN/BLU, 

RED/PAN and NIR/BLU. Ambiguous colour changes 

seen in the CaSSIS products, that may not be indicative 

of a real feature, showed no significant changes in ratio 

values. This helped separate false positives from actual 

colour changes, based on a qualitative assessment alone.   

Constraining differences in pre- and post-image 

spectra was found to be particularly challenging; this is 

likely due to variations in atmosphere and illumination 

between scenes and their influences on I/F values, ren-

dering inter-image comparison unreliable. On the other 

hand, in-scene comparison of spectra between change 

and non-change regions on similar slopes, provides a 

plausible alternative to quantitatively characterize col-

our surface changes (Figure 2).  

Conclusions: Initial results from this work indicate 

that at least two of the three techniques seem to be ef-

fective for new change detections, and may enable iden-

tification in cases where corresponding HiRISE images 

may not be readily available. Some changes like the one 

in Figure 1, that are basically invisible in HiRISE RED, 

can also be readily detected through these colour-based 

techniques, hence aiding confirmation when high-reso-

lution colour information is unavailable. To understand 

the limits of using such ratios and spectral comparisons 

for future gully change detection across Mars, analysis 

is currently underway on other gully monitoring sites 

that exhibit ferrous and non-ferrous colour changes.  
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Table 1 List of values and least counts (L.C.) obtained for each 

of the four CaSSIS ratios for the change shown in Figure 1 

Figure 2. Compari-

son of spectra taken 

from ROIs inside 

(red) and outside 

(blue) the change re-

gion. (a) shows these 

spectra for the pre-

change image 

(13F9F) while (b) 

shows the spectra for 

the post-change im-

age (1E5A2) 
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